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Abstract 

Introduction 

Rapid sequence intubation (RSI) performed by non-physicians such as paramedics or nurses has become increasingly 

common in many countries, however concerns have been stated regarding the safe use and appropriateness of RSI 

when performed by these healthcare providers.  The aim of our study was to compare RSI success and adverse 

events between non-physician and physician in the prehospital setting. 

Methods 

A systematic literature search of key databases including Medline, EMBASE, and the Cochrane Library was 

conducted.  Eligibility, data extraction and assessment of risk of bias were assessed independently by two reviewers.   

A bias-adjusted meta-analysis using a quality effects (QE) model was conducted for the primary outcomes of overall 

ETI success and first pass ETI success and for adverse events where possible to do so.   

Results 

Eighty-three studies were included in the meta-analysis.  There was a 2% difference in successful ETI proportion for 

physicians versus non-physicians; 99% (95% CI 98-99) versus 97% (95% CI 95-99).  A 10% difference in first pass RSI 

success was noted between physicians 88% (95% CI 83-93) versus 78% (95% CI 65-89) for non-physicians.  For airway 

trauma, bradycardia, cardiac arrest, endobronchial intubation, hyper and hypotension lower adverse events were 

noted for physicians. However, non-physicians had a lower prevalence of hypoxia and oesophageal intubations. 

Similar proportions were noted for pulmonary aspiration and emesis.  Nine adverse events estimates lacked 

precision except for endobronchial intubation and four adverse event analyses showed evidence of possible 

publication bias. Consequently, no reliable evidence exists for differences between physicians and non-physicians for 

adverse events.  

Conclusion 

This analysis shows that physicians have a higher RSI first pass and overall success as well as mostly lower adverse 

events for RSI in the out-of-hospital setting. Nevertheless, for all success and adverse events no firm conclusion for a 
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difference can be drawn due to lack of precision of meta-analytic estimates or selective reporting. First pass success 

could be an area in which to focus quality improvement strategies for non-physicians. 

Introduction 

Rapid sequence intubation (RSI) is an advanced airway management process whereby rapidly acting sedative 

and paralytic drugs are used to aid the placement of an endotracheal tube. The practice of RSI is intended to 

optimally prepare patients for laryngoscopy and endotracheal intubation (ETI) and to facilitate conditions for 

successful intubation on the first attempt.  Prehospital RSI is utilized by a number of emergency medical services 

(EMS) in regions such as  Australia,1  Europe,2 South-Africa3, and the United States4. Previous work involving 

paramedics in the United States suggested the prehospital RSI may increase mortality in patients with traumatic 

brain injury.5 Davis et al theorized this difference may be related to the low paramedic intubation success rate (84%), 

multiple, severe hypoxic episodes and frequent hyperventilation, suggesting safety concerns surrounding RSI by non-

physicians.5,6 A meta-analysis by Lossius et al found lower success rates for intubation after RSI by non-physicians 

when compared to physicians (99 versus 96%) and  suggested that the prehospital use of intubation should be 

reconsidered in the absence of a physician.2 

Other research has also raised concerns regarding non-physician RSI and intubation in the prehospital setting.7-16 

Dunford reported that 57% of their cohort had desaturation events after paramedic RSI, and 48% had recognised 

oesophageal intubations.17 A South-African paramedic RSI program reported a success rate of 100%, but the authors 

also reported adverse events of up to 22% and raised concerns about the safety of this RSI program.3  In a meta-

analysis of the effect of clinician experience on mortality after endotracheal intubation there was a twofold increase 

in the odds of mortality when inexperienced (primarily paramedics) intubate.18 Peters et al compared intubation of 

paramedics in helicopter EMS to physicians, and found first-pass success rate lower when ambulance paramedics 

were compared with physicians (46.4 vs. 84.5%).19  However, there is some evidence that the success and adverse 

event profile for non-physician RSI might not be as poor as these studies suggest. A randomized controlled (RCT) trial 

by Bernard et al from Australia found favourable neurological outcome at six months after paramedic RSI compared 

to in-hospital RSI.1 In contrast to the Davis trial, hyperventilation and hypoxia  were uncommon and intubation 

success rate considerably higher ( 97.5%).1 The Bernard trial suggests that for some non-physicians RSI might not be 

as unsafe as previously suggested and highlights the need for further investigation.  Against that background, the 
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aim of this study was to conduct a systematic review that compares RSI success and adverse events between non-

physician and physician in the prehospital setting by analysing success and adverse events.  

Methods 

This systematic review and meta-analysis was conducted according to the PRISMA guidelines, 20 and was 

registered with the PROSPERO registry of systematic reviews (registration number 42014014834).  

Data Sources, Search Strategy and Study Selection 

Medline, EMBASE, and the Cochrane Central Register of Controlled Trials were searched by two authors 

independently (JC and PF) from the inception of each database up to February 11, 2016 (search terms in Appendix 

1). This was complemented by back-searching the reference lists of identified studies for suitable articles. Abstracts 

of potentially suitable articles were screened by two authors (JC and PF) for relevance. Full text articles were 

screened by the same authors.  

Eligibility Criteria 

All out-of-hospital English language observational and experimental studies that reported RSI success 

proportions or harms by out-of-hospital personnel (all healthcare workers able to perform RSI) were eligible. 

Observational studies were defined as etiologic or effectiveness studies using data from databases that includes 

prospective and retrospective cohorts, case control, cross sectional, case series and studies using historical 

controls21. RSI drugs include the use of a paralytic agent, such as suxamethonium (succinylcholine), rocuronium and 

vecuronium. The time frame for the selected studies was not limited. Publication types in which such studies were 

sourced from included journals, books, dissertations, technical reports and manuscripts. We excluded manikin and 

animal studies; those examining other advanced airways such as supraglottic airways; studies that reported non-

drug assisted ETI results or that report ETI results assisted with drugs other than typical RSI drugs, for example ETI 

assisted with benzodiazepines only. We further excluded those that appeared in abstract only; that reported results 

from which it was not possible to extract effect size statistics; and where it was impossible to assess the 

methodological quality of the paper.    

 

 



4 
 

Data Abstraction 

Two authors (PS and PF) independently reviewed each included study to identify the following characteristics: 

study and year; country; paralytic drug; clinician intubating after RSI drugs were administered; type of emergency 

medical service (ground or flight); overall success proportion; first pass success; oesophageal intubation;  cardiac 

arrest during or after RSI; hyper- or hypotension during or after RSI; hypoxia or desaturation events during or after 

RSI; emesis during or after RSI; brady- or tachycardia during or after RSI; endobronchial intubations;  hypo- or 

hypercarbia during or after RSI; aspiration during or after RSI; pneumonia and airway trauma. We extracted 

estimates only if it was clear from the manuscript that an event happened during or after the RSI procedure. 

Extraction was piloted for clarity on five studies. Disagreements in extracted data were resolved by arbitration and 

consensus by all authors. 

Quality Assessment 

We assessed the quality (extent of bias) of each study with a checklist adapted from the prevalence checklist of 

Hoy et al (Appendix 2).22 To aid quality ratings, we designed a guide that accompanied the checklist (Appendix 3).  

Modifications included paraphrasing the wording of each item in the Hoy checklist for the RSI and out-of-hospital 

checklist. The checklist consisted of eight items that assessed external and internal validity via four domains: 

selection and nonresponse bias, measurement bias and bias related to the analysis.22 Two authors (CS and PF) 

independently assessed all included studies for quality, and interrater agreement was assessed with an intraclass 

correlation coefficient (ICC).23,24  

Definitions 

We used success and adverse event definitions provided by the authors of the included studies. The adequacy of 

a particular study definition was formally assessed through the quality rating, and specific standards for definitions 

are presented in the guidelines for the quality checklist in item six (Appendix 3). Physicians were defined as clinicians 

that had undergone training to qualify them as medical doctors and included anaesthesiologists and emergency 

physicians. Non-physicians were defined by exclusion: clinicians able to perform RSI that were not physicians and 

included paramedics, nurses, firefighter/paramedics, respiratory therapists and physician assistants.  
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Statistical Analysis    

The main outcomes were the proportions (expressed as a percentage) of 1) overall success of intubation after 

RSI drugs; 2) first pass success; and 3) the various adverse events. When proportions approach 1 (such as with 

intubation success) the typical equation for a confidence interval does not prevent confidence intervals falling 

outside the range of  0 – 1.25 Furthermore, when the proportions are very small or large, the variance is pressed 

towards zero and meta-analysis puts undue weight on studies with extreme proportions.25  To avoid this 

pressing effect of the variance and the confidence interval outside the possible range, the double arcsine square 

root transformed prevalence proportion across studies was pooled and results were reported after back-

transformation to natural proportions. While the usual transformation is the logit transformation, the double 

arcsine square root has been shown to be better at variance stabilization.25  

Meta-analyses were conducted for outcomes that had similar definitions and were therefore considered 

conceptually a single group. If multiple studies reported data on the same subjects (i.e. from the same dataset), 

we selected the least biased study based on the quality assessment to avoid counting data twice. Heterogeneity 

was determined to be present when the value of τ 2 was greater than zero. Both are presented because at higher 

levels of heterogeneity, for similar I2 the Cochran’s Q can still vary considerably. Meta-analyses of heterogeneous 

studies  is often performed using the random effects (RE)model, 26 however our analysis was completed using 

the quality effects (QE) model described by Doi et al.27,28 The QE model adjusts for study-level risk of bias and has 

advantages over the RE model, given that the RE model estimate does not allow for direct interpretation.29 Also, 

the RE estimator suffers from faulty error estimation so that confidence intervals generated are too narrow,30  

and the RE model also exacerbates estimation of publication bias.31  Study level-risk of bias was quantified for 

use in the QE model by averaging the summary quality ratings of each rater. (Table 1)   

Funnel plots were not used because they perform poorly when the effect size is a prevalence proportion such as 

in this analysis,32 for this reason publication bias was examined visually by Doi plots and the Luis Furuya-

Kanamori (LFK) index.24,33 The Doi plot uses linear ranking to study asymmetry, where a symmetrical triangle is 

created with a z-score close to zero at its peak if the studies in the analysis are homogenous and not affected by 

selection or other forms of bias.24 The LFK index indicates no asymmetry if within ±1, minor asymmetry if more 
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±1 but within ±2 and major asymmetry if the index exceeds ±2.33 Pooled estimates between physicians and non-

physicians were considered similar if there was an overlap of 95% confidence intervals. 

Results 

The literature search identified 3351 articles. After abstract screening and duplicate removal, 89 articles were 

included in the systematic review, with 83 suitable for meta-analysis (Figure 1). A comprehensive listing of the 89 

articles undergoing qualitative assessment including a description of the study characteristics, intubation success 

rates and proportions of adverse effects are shown in Table S1. 

Characteristics of the studies 

Eleven studies were non-randomized trials,6,9,34-42 and two were randomized controlled trials.1,43 Twenty-five 

were prospective7,10,11,17,44-64 and 51 were retrospective studies.3-6,8,12,13,15,16,19,65-105 Physicians were the intubating 

clinicians in 18% of studies,8,10,11,15,16,19,35,51,53,58,61,71,76,82,85,97 28% were a mix of physicians and non-

physicians,4,7,12,36,44,46,48,49,52,54,59,60,62-64,77,78,88,90,91,96,99,101,104,105 and 54% were non-physicians.1,3,5,6,9,13,17,34,37-43,45,47,50,55-

57,65-70,72-75,79-81,83,84,86,87,89,92-95,98,100,102,103,106 About half of studies (47%) were reports from flight medical programs. 

Four studies in this review were excluded from the meta-analysis to avoid double counting,3,49,63,72 and two were 

reviewed without meta-analysis.6,106 The number of individual RSIs included in the overall success analysis is 26 353, 

and 11 349 for the analysis of first pass success (Table 1). 

Study Quality 

Two raters had moderate agreement with ICC (3, k) of 0.52 (95% CI 0.20- 0.74).  Study quality was higher for 

studies that reported physician RSI with a mean of 6.28 (95% CI 5.76 – 5.80) out of a possible eight, compared to 

non-physicians 5.43 (95% CI 5.20 – 5.63) and physicians/non-physicians 5.20 (95% CI 4.78 – 5.62) (Table 1).  

Quantitative Synthesis 

Overall and first pass success of endotracheal intubation after rapid sequence induction 

Meta-analysis shows a two percent difference in the overall success between physicians and non-physicians; 

99% (95% CI 98-99) versus 97% (95% CI 95-99) (Table 1, Figure 2 and Table S3). There was a 10% lesser first pass 

success for non-physicians compared to physicians; 78% (95% CI 65-89) versus 88% (95% CI 83-93) (Table 1, Figure 2 

and Table S4).  However, these estimates lacked precision as evidenced by overlapping confidence intervals. The Doi 
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plots for the overall and first-pass success meta-analyses were symmetrical (not shown) and LFK indices indicate 

symmetry (Table S2). 

Adverse events 

 Point estimates for non-physicians show 3% less oesophageal intubations and hypoxia, 1% more cardiac arrest, 

3.7% more endobronchial intubation,  3.5% more bradycardia, 1% more hypertension, 1% more hypotension, and 

1% more airway trauma than physicians (Table 1, Tables S5 to S12, Figure 2). No difference in point estimates was 

seen for emesis or pulmonary aspiration (Table 1, Table S13 and S14, Figure 2). All estimates except endobronchial 

intubation lacked precision and therefore the magnitude and direction of the estimates overlapped for most adverse 

events. Doi plots and LFK indices showed gross positive asymmetry in effect sizes for four adverse events: 

Esophageal intubation, endobronchial intubation, bradycardia and hypertension (Figure S1 and Table S2).   No meta-

analysis for tachycardia could be completed as insufficient studies reported purely physician estimates. Furthermore, 

no meta-analysis for hyperventilation/hypocarbia or pneumonia was completed as insufficient studies or unsuitable 

estimates reported to make a physicians and no-physicians comparison.  

Heterogeneity 

 All analyses showed large heterogeneity except for pulmonary aspiration. Also, there was larger heterogeneity 

in the overall success proportions of non-physicians with I2 = 92% compared to physicians I2 = 74% (Table 1).  High 

heterogeneity was not only evident for overall success, but a pattern of higher heterogeneity for non-physicians is 

evident across all analysis where such a comparison was possible.  

Limitations 

Our systematic review found large heterogeneity across most analysis, similar to other meta-analysis of 

advanced airway management.107,108 This large heterogeneity warrants caution in interpreting our estimates. There 

was evidence for possible publication bias for four adverse events, raising the likelihood of selective reporting and 

making assessments of these four adverse events unreliable. Comparisons of the estimates from this analysis with 

nationwide results such as those from the NEMESIS data provide further evidence for possible selective reporting. As 

such, it is argued that the pooled results from this analysis might not be unbiased. Also, painstaking efforts were 

made to avoid the “unit of analysis” problem where some subjects are counted twice due to studies reporting the 

same subjects across multiple papers. Even so, the data from Tollefsen et al might overlap very slightly with the data 
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from NEMESIS reported by Wang, but a sensitivity analysis shows that excluding Tollefsen does not change the 

pooled results.4,100  Only English publications were included in this review, and it is possible that a small number of 

non-English publications exist. Should that be the case, it is unlikely that such studies will alter these estimates and 

conclusions.   

It would have been ideal to meta- analyse clinician types separately, but lack of sufficient data for some clinician 

types made such analysis unfeasible. Analytic pooling of all non-physician types probably obscures important 

differences. Separate analysis could reveal how clinician type causes heterogeneity which would allow for more 

focused research and training. Finally, the training level of the non-physicians provider (experienced, novice, etc.) 

was not provided.   While experience and level of training impact ETI success, datasets such as NEMSIS do not report 

provider proficiency with ETI. The interrater agreement beyond chance in this analysis can be considered moderate. 

A higher agreement would have been ideal, but we believe this moderate agreement does not negate our results.  

Numerous studies reported adverse events that were unsuitable for meta-analysis. As an example, consider 

oesophageal intubation reports. Twelve studies that were not included in the esophageal intubations analysis 

reported these events, but in such a way that they were not useful; e.g. they reported “no unrecognised esophageal 

intubations”,34  which did not reveal the actual number of such mishaps. This proved to be a problem with reports of 

endobronchial intubations too. A lack of adequate reporting and failure to publish these estimates in these instances 

could explain the asymmetry in the Doi plots (Figure S1).  

Discussion  

This systematic review provides an up-to-date synthesis of non-physicians RSI success and adverse events. Our 

meta-analysis showed a two percent difference in the overall success in favour of physicians; however a lack of 

precision of this estimate suggests that the evidence for these differences might not be reliable. Additionally, a ten 

percent difference in the first pass success favours physicians.  Furthermore, our results show that for six of the ten 

adverse events, pooled estimates show lower adverse events for physicians.  Nevertheless, for inadvertent 

oesophageal intubation and hypoxia non-physicians events have more favourable proportions. Large overlap in 

confidence intervals for nine of the adverse events makes these differences less-than-reliable, except for RSI-related 

endobronchial intubation which had no overlap.  Evidence suggestive of selective reporting/publication for RSI-

related bradycardia and hypertension and also for inadvertent endobronchial and oesophageal intubation makes the 



9 
 

estimates of these adverse events less dependable. Additionally, Doi plots showed gross positive asymmetry for 

these four adverse events, which could mean that lower event rates for were under-reported for non-physicians. It 

follows that none of the differences noted for adverse events could be taken as very trustworthy. In most analyses, 

larger heterogeneity is present among the estimates of non-physicians, showing that success and adverse events are 

more variable amongst non-physicians, perhaps due to varying levels of skill or training.  

 A ten percent difference in first pass success when physicians are compared to non-physicians might be a cause 

for concern. It is best to intubate on the first attempt, as repeated attempts at intubation and laryngoscopy have 

been associated with increased adverse events such as hypoxemia, oesophageal intubation, aspiration, cardiac 

arrest and decreased likelihood of return-of-spontaneous circulation. 109-112  We consider the first pass proportion of 

out-of-hospital physicians the benchmark; non-physicians should strive to match physician first pass success. A lack 

of sufficient or suitable studies precluded a comparison of hyperventilation. Even so, Davis et al report a 59% rate of 

hypocarbia (EtCO2 ≤25 mmHg) in their paramedic RSI trial,6 and rates of 9.5% ,106 as well as 50% (EtCO2 ≤30 mmHg) 

were found in in other publications .48 These high hyperventilation rates contrast with the low paramedic 

hyperventilation proportions from South Africa (2%).3  A United States ground-based paramedic study reported 10% 

hyperventilation/hypocarbia. 56 Similarly, we were unable to analyse hypoventilation or hypercarbia due to 

insufficient studies that report estimates suitable for analysis. Nevertheless,  Bernard et al found a 20% instance of 

hypoventilation for paramedics (EtCO2 ≥ 45mmHg), 66 but Gunning et al. found a 1% prevalence in a South African RSI 

program.3 In a mixed physicians and non-physicians crew, Holmes et al. report a 7.6% proportion54 while Sing et al. 

report no cases of hypoventilation or hypercarbia for their nurse/paramedic crew. 93,94 No analysis for pneumonia 

were completed for similar reasons, however Davis et al. report 20% pneumonia prevalence in their paramedic 

based study.5 Sing et al. demonstrate 17.5% and 21% proportion in the nurse/paramedic configuration. 93,94 For a 

non-physician/physician crew Sloane et al. report a 30% prevalence of post-RSI pneumonia.96 Since we could not 

analyse hypo or hyperventilation, pneumonia and tachycardia, we cannot make a meaningful comparison for these 

four events between physicians and non-physicians.  

We found variations in the definitions used for adverse events for the studies included in this review. For 

example, the analysis of hypoxia/desaturation revealed at least seven distinct but related definitions, and this could 

be a likely source of the heterogeneity seen in the analysis of adverse events. Sollid et al devised a template to solve 
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this lack of uniform reporting by devising standardised definitions for advanced airway management.112 Future 

studies should consider reporting their RSI results using the template by Sollid et al. To reduce heterogeneity in 

adverse events and success estimates, uniform data collection and standardized definitions are critical and make 

comparison of RSI successes and adverse events easier.  Another possible cause of heterogeneity was the extent of 

bias (study quality) of estimates included in this review. Specifically, studies that report physician success and 

adverse events are consistently less biased than those from non-physicians, as the quality ratings show. It is strength 

of the QE method that our results are adjusted for these study level biases.  

Conclusions 

This analysis shows that physicians have a higher RSI first pass and overall success as well as mostly lower 

adverse events for rapid sequence intubation in the out-of-hospital setting. Nevertheless, for all success and adverse 

events no firm conclusion for a difference can be drawn due to lack of precision of meta-analytic estimates or due to 

possible selective reporting. First pass success could be an area in which to focus quality improvement strategies for 

non-physicians. 

References 

1. Bernard SA, Nguyen V, Cameron P, et al. Prehospital rapid sequence intubation improves functional outcome 
for patients with severe traumatic brain injury: a randomized controlled trial. Annals of Surgery. 
2010;252(6):959-965. 

2. Lossius HM, Roislien J, Lockey DJ. Patient safety in pre-hospital emergency tracheal intubation: a 
comprehensive meta-analysis of the intubation success rates of EMS providers. Crit Care. 2012;16(1):R24. 

3. Gunning M, Perkins Z, Crilly J, von Rahden R. Paramedic rapid sequence induction (RSI) in a South African 
emergency medical service: a retrospective observational study. South African medical journal = Suid-
Afrikaanse tydskrif vir geneeskunde. 2013;103(9):632-637. 

4. Wang HE, Mann NC, Mears G, Jacobson K, Yealy DM. Out-of-hospital airway management in the United 
States. Resuscitation. 2011;82(4):378-385. 

5. Davis DP, Stern J, Sise MJ, Hoyt DB. A follow-up analysis of factors associated with head-injury mortality after 
paramedic rapid sequence intubation. J Trauma. 2005;59(2):486-490. 

6. Davis DP, Dunford JV, Poste JC, et al. The impact of hypoxia and hyperventilation on outcome after 
paramedic rapid sequence intubation of severely head-injured patients. Journal of Trauma. 2004;57(1):1-8; 
discussion 8-10. 

7. Corfield AR, Thomas L, Inglis A, Hearns S. A rural emergency medical retrieval service: the first year. Emerg 
Med J. 2006;23(9):679-683. 

8. Newton A, Ratchford A, Khan I. Incidence of adverse events during prehospital rapid sequence intubation: a 
review of one year on the London Helicopter Emergency Medical Service. J Trauma. 2008;64(2):487-492. 

9. Cushman JT, Zachary Hettinger A, Farney A, Shah MN. Effect of intensive physician oversight on a prehospital 
rapid-sequence intubation program. Prehosp Emerg Care. 2010;14(3):310-316. 

10. Nakstad AR, Heimdal HJ, Strand T, Sandberg M. Incidence of desaturation during prehospital rapid sequence 
intubation in a physician-based helicopter emergency service. Am J Emerg Med. 2011;29(6):639-644. 

11. Helm M, Kremers G, Lampl L, Hossfeld B. Incidence of transient hypoxia during pre-hospital rapid sequence 
intubation by anaesthesiologists. Acta Anaesthesiol Scand. 2013;57(2):199-205. 



11 
 

12. von Vopelius-Feldt J, Benger JR. Prehospital anaesthesia by a physician and paramedic critical care team in 
Southwest England. Eur J Emerg Med. 2013;20(6):382-386. 

13. Diggs LA, Yusuf JE, De Leo G. An update on out-of-hospital airway management practices in the United 
States. Resuscitation. 2014;85(7):885-892. 

14. Lockey DJ, Crewdson K, Lossius HM. Pre-hospital anaesthesia: the same but different. Br J Anaesth. 
2014;113(2):211-219. 

15. Nevin DG, Green SJ, Weaver AE, Lockey DJ. An observational study of paediatric pre-hospital intubation and 
anaesthesia in 1933 children attended by a physician-led, pre-hospital trauma service. Resuscitation. 
2014;85(2):189-195. 

16. Thoeni N, Piegeler T, Brueesch M, et al. Incidence of difficult airway situations during prehospital airway 
management by emergency physicians-A retrospective analysis of 692 consecutive patients. Resuscitation. 
2015;90:42-45. 

17. Dunford JV, Davis DP, Ochs M, Doney M, Hoyt DB. Incidence of transient hypoxia and pulse rate reactivity 
during paramedic rapid sequence intubation. Ann Emerg Med. 2003;42(6):721-728. 

18. Bossers SM, Schwarte LA, Loer SA, Twisk JW, Boer C, Schober P. Experience in Prehospital Endotracheal 
Intubation Significantly Influences Mortality of Patients with Severe Traumatic Brain Injury: A Systematic 
Review and Meta-Analysis. PloS one. 2015;10(10):e0141034. 

19. Peters J, Van Wageningen B, Hendriks I, et al. First-pass intubation success rate during rapid sequence 
induction of prehospital anaesthesia by physicians versus paramedics. European Journal of Emergency 
Medicine. 2015;22(6):391-394. 

20. Knobloch K, Yoon U, Vogt PM. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) 
statement and publication bias. Journal of cranio-maxillo-facial surgery : official publication of the European 
Association for Cranio-Maxillo-Facial Surgery. 2011;39(2):91-92. 

21. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in epidemiology: a proposal for 
reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA. 
2000;283(15):2008-2012. 

22. Hoy D, Brooks P, Woolf A, et al. Assessing risk of bias in prevalence studies: modification of an existing tool 
and evidence of interrater agreement. Journal of clinical epidemiology. 2012;65(9):934-939. 

23. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reliability. Psychological bulletin. 
1979;86(2):420-428. 

24. Doi SAR, Williams GM, SpringerLink (Online service). Methods of clinical epidemiology. Springer series on 
epidemiology and public health,. Berlin ; New York: Springer,; 2013: 
http://ezproxy.lib.monash.edu.au/login?url=http://link.springer.com/openurl?genre=book&isbn=978-3-642-
37130-1 Full text available from SpringerLink. 

25. Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T. Meta-analysis of prevalence. J Epidemiol Community 
Health. 2013;67(11):974-978. 

26. DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical trials: an update. Contemporary 
clinical trials. 2007;28(2):105-114. 

27. Doi SA, Barendregt JJ, Mozurkewich EL. Meta-analysis of heterogeneous clinical trials: an empirical example. 
Contemporary clinical trials. 2011;32(2):288-298. 

28. Doi SA, Thalib L. A quality-effects model for meta-analysis. Epidemiology. 2008;19(1):94-100. 
29. Al Khalaf MM, Thalib L, Doi SA. Combining heterogenous studies using the random-effects model is a mistake 

and leads to inconclusive meta-analyses. Journal of clinical epidemiology. 2011;64(2):119-123. 
30. Noma H. Confidence intervals for a random-effects meta-analysis based on Bartlett-type corrections. 

Statistics in medicine. 2011;30(28):3304-3312. 
31. Henmi M, Copas JB. Confidence intervals for random effects meta-analysis and robustness to publication 

bias. Statistics in medicine. 2010;29(29):2969-2983. 
32. Hunter JP, Saratzis A, Sutton AJ, Boucher RH, Sayers RD, Bown MJ. In meta-analyses of proportion studies, 

funnel plots were found to be an inaccurate method of assessing publication bias. Journal of clinical 
epidemiology. 2014;67(8):897-903. 

33. Barendregt JJ, Doi A. MetaXL User Guide. Sunrise Beach, Queensland, Australia2016: 
http://www.epigear.com/index_files/MetaXL%20User%20Guide.pdf. Accessed 20 September 2016. 

34. Rhee KJ, O'Malley RJ. Neuromuscular blockade-assisted oral intubation versus nasotracheal intubation in the 
prehospital care of injured patients. Annals of Emergency Medicine. 1994;23(1):37-42. 

http://ezproxy.lib.monash.edu.au/login?url=http://link.springer.com/openurl?genre=book&isbn=978-3-642-37130-1
http://ezproxy.lib.monash.edu.au/login?url=http://link.springer.com/openurl?genre=book&isbn=978-3-642-37130-1
http://www.epigear.com/index_files/MetaXL%20User%20Guide.pdf


12 
 

35. Smith CE, Kovach B, Polk JD, Hagen JF, Fallon WF. Prehospital tracheal intubating conditions during rapid 
sequence intubation: rocuronium versus vecuronium. Air Medical Journal. 2002;21(1):26-32. 

36. Bloomer R, Burns BJ, Ware S. Improving documentation in prehospital rapid sequence intubation: 
investigating the use of a dedicated airway registry form. Emerg Med J. 2013;30(4):324-326. 

37. Davis DP, Hoyt DB, Ochs M, et al. The effect of paramedic rapid sequence intubation on outcome in patients 
with severe traumatic brain injury. J Trauma. 2003;54(3):444-453. 

38. Falcone RE, Herron H, Dean B, Werman H. Emergency scene endotracheal intubation before and after the 
introduction of a rapid sequence induction protocol. Air Med J. 1996;15(4):163-167. 

39. Lowe L, Sagehorn K, Madsen R. The effect of a rapid sequence induction protocol on intubation success rate 
in an air medical program. Air Med J. 1998;17(3):101-104. 

40. Ma OJ, Atchley RB, Hatley T, Green M, Young J, Brady W. Intubation success rates improve for an air medical 
program after implementing the use of neuromuscular blocking agents. Am J Emerg Med. 1998;16(2):125-
127. 

41. Pearson S. Comparison of intubation attempts and completion times before and after the initiation of a rapid 
sequence intubation protocol in an air medical transport program. Air Med J. 2003;22(6):28-33. 

42. Sonday CJ, Axelband J, Jacoby J, Higgins R, Crider D. Thiopental vs. etomidate for rapid sequence intubation 
in aeromedicine. Prehosp Disaster Med. 2005;20(5):324-326. 

43. Vadeboncoeur TF, Davis DP, Ochs M, Poste JC, Hoyt DB, Vilke GM. The ability of paramedics to predict 
aspiration in patients undergoing prehospital rapid sequence intubation. J Emerg Med. 2006;30(2):131-136. 

44. Adnet F, Minadeo JP, Finot MA, et al. A survey of sedation protocols used for emergency endotracheal 
intubation in poisoned patients in the French prehospital medical system. Eur J Emerg Med. 1998;5(4):415-
419. 

45. Bozeman WP, Kleiner DM, Huggett V. A comparison of rapid-sequence intubation and etomidate-only 
intubation in the prehospital air medical setting. Prehosp Emerg Care. 2006;10(1):8-13. 

46. Combes X, Jabre P, Jbeili C, et al. Prehospital standardization of medical airway management: incidence and 
risk factors of difficult airway. Acad Emerg Med. 2006;13(8):828-834. 

47. Davis DP, Valentine C, Ochs M, Vilke GM, Hoyt DB. The Combitube as a salvage airway device for paramedic 
rapid sequence intubation. Ann Emerg Med. 2003;42(5):697-704. 

48. Davis DP, Douglas DJ, Koenig W, Carrison D, Buono C, Dunford JV. Hyperventilation following aero-medical 
rapid sequence intubation may be a deliberate response to hypoxemia. Resuscitation. 2007;73(3):354-361. 

49. Davis DP, Hwang JQ, Dunford JV. Rate of decline in oxygen saturation at various pulse oximetry values with 
prehospital rapid sequence intubation. Prehosp Emerg Care. 2008;12(1):46-51. 

50. Deitch S, Davis DP, Schatteman J, Chan TC, Vilke GM. The use of etomidate for prehospital rapid-sequence 
intubation. Prehosp Emerg Care. 2003;7(3):380-383. 

51. Grmec S, Mally S. Prehospital determination of tracheal tube placement in severe head injury. Emerg Med J. 
2004;21(4):518-520. 

52. Gunning M, O'Loughlin E, Fletcher M, Crilly J, Hooper M, Ellis DY. Emergency intubation: a prospective 
multicentre descriptive audit in an Australian helicopter emergency medical service. Emerg Med J. 
2009;26(1):65-69. 

53. Harris T, Lockey D. Success in physician prehospital rapid sequence intubation: what is the effect of base 
speciality and length of anaesthetic training? Emerg Med J. 2011;28(3):225-229. 

54. Holmes J, Peng J, Bair A. Abnormal end-tidal carbon dioxide levels on emergency department arrival in adult 
and pediatric intubated patients. Prehosp Emerg Care. 2012;16(2):210-216. 

55. Kaye K, Frascone RJ, Held T. Prehospital rapid-sequence intubation: a pilot training program. Prehosp Emerg 
Care. 2003;7(2):235-240. 

56. Merlin MA, Safdar H, Calabrese S, et al. Prehospital rapid sequence intubation in an emergency medical 
services system with two advanced life support providers. Prehosp Disaster Med. 2010;25(4):341-345. 

57. Ochs M, Davis D, Hoyt D, Bailey D, Marshall L, Rosen P. Paramedic-performed rapid sequence intubation of 
patients with severe head injuries. Ann Emerg Med. 2002;40(2):159-167. 

58. Rognas L, Hansen TM, Kirkegaard H, Tonnesen E. Pre-hospital advanced airway management by experienced 
anaesthesiologists: a prospective descriptive study. Scand J Trauma Resusc Emerg Med. 2013;21:58. 

59. Syverud SA, Borron SW, Storer DL, et al. Prehospital use of neuromuscular blocking agents in a helicopter 
ambulance program. Ann Emerg Med. 1988;17(3):236-242. 

60. Thompson CB, Balasz K, Goltermann J, et al. Intubation quality assurance thresholds. Air Med J. 
1995;14(2):55-60. 



13 
 

61. Timmermann A, Eich C, Russo SG, et al. Prehospital airway management: a prospective evaluation of 
anaesthesia trained emergency physicians. Resuscitation. 2006;70(2):179-185. 

62. Wang HE, Kupas DF, Paris PM, Bates RR, Yealy DM. Preliminary experience with a prospective, multi-
centered evaluation of out-of-hospital endotracheal intubation. Resuscitation. 2003;58(1):49-58. 

63. Wang HE, Kupas DF, Paris PM, Yealy DM. Factors associated with the use of pharmacologic agents to 
facilitate out-of-hospital endotracheal intubation. Prehosp Emerg Care. 2004;8(1):1-9. 

64. Wang HE, Yealy DM. How many attempts are required to accomplish out-of-hospital endotracheal 
intubation? Acad Emerg Med. 2006;13(4):372-377. 

65. Andrew E, de Wit A, Meadley B, Cox S, Bernard S, Smith K. Characteristics of Patients Transported by a 
Paramedic-staffed Helicopter Emergency Medical Service in Victoria, Australia. Prehosp Emerg Care. 
2015;19(3):416-424. 

66. Bernard S, Smith K, Foster S, Hogan P, Patrick I. The use of rapid sequence intubation by ambulance 
paramedics for patients with severe head injury. Emerg Med (Fremantle). 2002;14(4):406-411. 

67. Bernard SA, Smith K, Porter R, et al. Paramedic rapid sequence intubation in patients with non-traumatic 
coma. Emergency Medicine Journal. 2015;32(1):60-64. 

68. Brown J, Thomas F. What happens with failed blind nasal tracheal intubations? Air Med J. 2001;20(2):13-16. 
69. Brownstein D, Shugerman R, Cummings P, Rivara F, Copass M. Prehospital endotracheal intubation of 

children by paramedics. Ann Emerg Med. 1996;28(1):34-39. 
70. Bulger EM, Copass MK, Maier RV, Larsen J, Knowles J, Jurkovich GJ. An analysis of advanced prehospital 

airway management. J Emerg Med. 2002;23(2):183-189. 
71. Chesters A, Keefe N, Mauger J, Lockey D. Prehospital anaesthesia performed in a rural and suburban air 

ambulance service staffed by a physician and paramedic: a 16-month review of practice. Emerg Med J. 
2014;31(1):65-68. 

72. Davis DP, Vadeboncoeur TF, Ochs M, Poste JC, Vilke GM, Hoyt DB. The association between field Glasgow 
Coma Scale score and outcome in patients undergoing paramedic rapid sequence intubation. J Emerg Med. 
2005;29(4):391-397. 

73. Davis DP, Aguilar S, Sonnleitner C, Cohen M, Jennings M. Latency and loss of pulse oximetry signal with the 
use of digital probes during prehospital rapid-sequence intubation. Prehosp Emerg Care. 2011;15(1):18-22. 

74. Elofson KA, Rhoads SF, Tang A, Gaither JB, Patanwala AE. Long-acting neuromuscular blocker use during 
prehospital transport of trauma patients. Air Med J. 2013;32(4):203-207. 

75. Fakhry SM, Scanlon JM, Robinson L, et al. Prehospital rapid sequence intubation for head trauma: conditions 
for a successful program. J Trauma. 2006;60(5):997-1001. 

76. Fullerton JN, Roberts KJ, Wyse M. Should non-anaesthetists perform pre-hospital rapid sequence induction? 
an observational study. Emerg Med J. 2011;28(5):428-431. 

77. Gellerfors M, Larsson A, Svensen CH, Gryth D. Use of the Airtraq(R) device for airway management in the 
prehospital setting--a retrospective study. Scand J Trauma Resusc Emerg Med. 2014;22:10. 

78. Hansen ML, Lambert W, Guise JM, Warden C, Mann NC, Wang H. Out-of-hospital pediatric airway 
management in the United States. Academic Emergency Medicine. 2015;1):S41. 

79. Harrison TH, Thomas SH, Wedel SK. Success rates of pediatric intubation by a non-physician-staffed critical 
care transport service. Pediatr Emerg Care. 2004;20(2):101-107. 

80. Hedges JR, Dronen SC, Feero S, Hawkins S, Syverud SA, Shultz B. Succinylcholine-assisted intubations in 
prehospital care. Ann Emerg Med. 1988;17(5):469-472. 

81. Hiestand B, Cudnik MT, Thomson D, Werman HA. Rocuronium versus succinylcholine in air medical rapid-
sequence intubation. Prehosp Emerg Care. 2011;15(4):457-463. 

82. Kamiutsuri K, Okutani R, Kozawa S. Analysis of prehospital endotracheal intubation performed by emergency 
physicians: retrospective survey of a single emergency medical center in Japan. J Anesth. 2013;27(3):374-
379. 

83. Kociszewski C, Thomas SH, Harrison T, Wedel SK. Etomidate versus succinylcholine for intubation in an air 
medical setting. Am J Emerg Med. 2000;18(7):757-763. 

84. Kwok H, Prekker M, Grabinsky A, Carlbom D, Rea TD. Use of rapid sequence intubation predicts improved 
survival among patients intubated after out-of-hospital cardiac arrest. Resuscitation. 2013;84(10):1353-1358. 

85. Mackay CA, Terris J, Coats TJ. Prehospital rapid sequence induction by emergency physicians: is it safe? 
Emerg Med J. 2001;18(1):20-24. 

86. Murphy-Macabobby M, Marshall WJ, Schneider C, Dries D. Neuromuscular blockade in aeromedical airway 
management. Ann Emerg Med. 1992;21(6):664-668. 



14 
 

87. McIntosh SE, Swanson ER, McKeone A, Barton ED. Location of airway management in air medical transport. 
Prehosp Emerg Care. 2008;12(4):438-442. 

88. McQueen C, Crombie N, Hulme J, et al. Prehospital anaesthesia performed by physician/critical care 
paramedic teams in a major trauma network in the UK: a 12 month review of practice. Emergency Medicine 
Journal. 2015;32(1):65-69. 

89. Pace SA, Fuller FP. Out-of-hospital succinylcholine-assisted endotracheal intubation by paramedics. Ann 
Emerg Med. 2000;35(6):568-572. 

90. Perkins ZB, Gunning M, Crilly J, Lockey D, O'Brien B. The haemodynamic response to pre-hospital RSI in 
injured patients. Injury. 2013;44(5):618-623. 

91. Perkins ZB, Wittenberg MD, Nevin D, Lockey DJ, O'Brien B. The relationship between head injury severity and 
hemodynamic response to tracheal intubation. The journal of trauma and acute care surgery. 
2013;74(4):1074-1080. 

92. Prekker ME, Kwok H, Shin J, Carlbom D, Grabinsky A, Rea TD. The process of prehospital airway 
management: challenges and solutions during paramedic endotracheal intubation. Crit Care Med. 
2014;42(6):1372-1378. 

93. Sing RF, Reilly PM, Rotondo MF, Lynch MJ, McCans JP, Schwab CW. Out-of-hospital rapid-sequence induction 
for intubation of the pediatric patient. Acad Emerg Med. 1996;3(1):41-45. 

94. Sing RF, Rotondo MF, Zonies DH, et al. Rapid sequence induction for intubation by an aeromedical transport 
team: a critical analysis. Am J Emerg Med. 1998;16(6):598-602. 

95. Slater EA, Weiss SJ, Ernst AA, Haynes M. Preflight versus en route success and complications of rapid 
sequence intubation in an air medical service. J Trauma. 1998;45(3):588-592. 

96. Sloane C, Vilke GM, Chan TC, Hayden SR, Hoyt DB, Rosen P. Rapid sequence intubation in the field versus 
hospital in trauma patients. J Emerg Med. 2000;19(3):259-264. 

97. Soti A, Temesvari P, Hetzman L, Eross A, Petroczy A. Implementing new advanced airway management 
standards in the Hungarian physician staffed Helicopter Emergency Medical Service. Scand J Trauma Resusc 
Emerg Med. 2015;23:3. 

98. Swanson ER, Fosnocht DE, Jensen SC. Comparison of etomidate and midazolam for prehospital rapid-
sequence intubation. Prehosp Emerg Care. 2004;8(3):273-279. 

99. Swanson ER, Fosnocht DE, Neff RJ. The use of etomidate for rapid-sequence intubation in the air medical 
setting. Prehosp Emerg Care. 2001;5(2):142-146. 

100. Tollefsen WW, Brown CA, 3rd, Cox KL, Walls RM. Two hundred sixty pediatric emergency airway encounters 
by air transport personnel: a report of the air transport emergency airway management (NEAR VI: "A-
TEAM") project. Pediatr Emerg Care. 2013;29(9):963-968. 

101. Vilke GM, Hoyt DB, Epperson M, Fortlage D, Hutton KC, Rosen P. Intubation techniques in the helicopter. J 
Emerg Med. 1994;12(2):217-224. 

102. Warner KJ, Carlbom D, Cooke CR, Bulger EM, Copass MK, Sharar SR. Paramedic training for proficient 
prehospital endotracheal intubation. Prehosp Emerg Care. 2010;14(1):103-108. 

103. Wayne MA, Friedland E. Prehospital use of succinylcholine: a 20-year review. Prehosp Emerg Care. 
1999;3(2):107-109. 

104. Wimalasena Y, Burns B, Reid C, Ware S, Habig K. Apneic oxygenation was associated with decreased 
desaturation rates during rapid sequence intubation by an australian helicopter emergency medicine service. 
Annals of Emergency Medicine. 2015;65(4):371-376. 

105. Wimalasena YH, Corfield AR, Hearns S. Comparison of factors associated with desaturation in prehospital 
emergency anaesthesia in primary and secondary retrievals. Emergency Medicine Journal. 2015;32(8):642-
646. 

106. Davis DP, Dunford JV, Ochs M, Park K, Hoyt DB. The use of quantitative end-tidal capnometry to avoid 
inadvertent severe hyperventilation in patients with head injury after paramedic rapid sequence intubation. 
J Trauma. 2004;56(4):808-814. 

107. Fouche PF, Simpson PM, Bendall J, Thomas RE, Cone DC, Doi SA. Airways in out-of-hospital cardiac arrest: 
systematic review and meta-analysis. Prehosp Emerg Care. 2014;18(2):244-256. 

108. Benoit JL, Gerecht RB, Steuerwald MT, McMullan JT. Endotracheal intubation versus supraglottic airway 
placement in out-of-hospital cardiac arrest: A meta-analysis. Resuscitation. 2015;93:20-26. 

109. Sakles JC, Chiu S, Mosier J, Walker C, Stolz U. The importance of first pass success when performing 
orotracheal intubation in the emergency department. Acad Emerg Med. 2013;20(1):71-78. 



15 
 

110. Mort TC. Emergency tracheal intubation: complications associated with repeated laryngoscopic attempts. 
Anesth Analg. 2004;99(2):607-613, table of contents. 

111. Bernhard M, Becker TK, Gries A, Knapp J, Wenzel V. The First Shot Is Often the Best Shot: First-Pass 
Intubation Success in Emergency Airway Management. Anesth Analg. 2015;121(5):1389-1393. 

112. Sollid SJ, Lockey D, Lossius HM, Pre-hospital advanced airway management expert g. A consensus-based 
template for uniform reporting of data from pre-hospital advanced airway management. Scand J Trauma 
Resusc Emerg Med. 2009;17:58. 

 


