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AbsTrACT
background Endotracheal intubation (ETI) is the gold 
standard for the out-of-hospital emergency airway 
management in severely injured patients. Due to time-
critical circumstances, poor patient presentation and 
hostile environments, it may be prone for mechanical 
complications and failure.
Methods In a retrospective study (January 2011 to 
December 2013), all patients who underwent out-of-
hospital ETI before admittance to a level 1 trauma center 
were analyzed consecutively. Patients with supraglottic 
airways, being under cardiopulmonary resuscitation 
and interfacility transports were excluded. The main 
study endpoint was the incidence of unrecognized 
tube malposition; secondary endpoints were Glasgow 
Outcome Scale (GOS) and in-hospital mortality adjusted 
to on-scene Glasgow Coma Scale (GCS), Injury Severity 
Score (ISS), Abbreviated Injury Scale head (AIS head), and 
on-scene time.
results Out of 1176 patients, 151 underwent out-of-
hospital ETI. At hospital admission, tube malpositions 
were recognized in nine patients (5.9%). Accidental and 
unrecognized esophageal intubation was detected in five 
patients (3.3%) and bronchial intubation in four patients 
(2.7%). Although ISS (p=0.053), AIS head (p=0.469), 
on-scene GCS (p=0.151), on-scene time (p=0.530), 
GOS (p=0.748) and in-hospital mortality (p=0.431) 
were similar compared with correctly positioned ETI 
tubes, three esophageal intubation patients died due to 
hypoxemic complications.
Discussion In our study sample, out-of-hospital 
emergency ETI in severely injured patients was 
associated with a considerable tube misplacement 
rate. For safety, increased compliance to consequently 
use available technologies (eg, capnography, video 
laryngoscopy) for emergency ETI should be warranted.
Level of evidence Level of Evidence IIA.

bACkgrounD
Out-of-hospital emergency endotracheal intubation 
(ETI) is the gold standard in severely injured patients 
who require advanced airway management.1–3 It 
represents an important skill in emergency medical 
service (EMS) and is recognized as a quality indi-
cator.4 Due to potential risk of severe complica-
tions which includes multiple intubation attempts, 
inadvertent esophageal or bronchial intubation, 

transient hypoxia, airway edema and bleeding, and 
tracheal aspiration, out-of-hospital ETI is discussed 
controversially.5 6 The aim of our study was to deter-
mine the prevalence and outcomes of patients who 
experienced tube malpositioning after emergency 
out-of-hospital ETI due to severe injuries.

MeThoDs
After approval by the ethical committee of the 
Medical Faculty of the University Hospital Leipzig 
(No 137-15-20042015), we analyzed all electronic 
and paper-based medical charts of patients who 
were admitted to our university emergency depart-
ment (ED) with trauma team activation between 
January 1, 2011 and December 31, 2013.

Investigated variables
Patient characteristics included age, gender, injury 
patterns, Abbreviated Injury Scale head, Injury 
Severity Score (ISS), Glasgow Coma Scale (GCS) 
on scene, and on-scene time (OST, time from EMS 
arrival until hospital admission). Patients <16 years, 
with supraglottic airways, being under cardiopul-
monary resuscitation and interfacility transports 
were excluded. The main study endpoint was the 
incidence of unrecognized tube malposition (esoph-
ageal and endobronchial intubation); secondary 
endpoints were Glasgow Outcome Scale (GOS) 
and in-hospital mortality adjusted to injury severity, 
head injury and OST.

setting
In Germany, out-of-hospital emergency treatment 
of patients with major trauma is provided by EMS 
physicians. In the current ‘Guideline on the Treat-
ment of the Severely Injured’ the intubation is indi-
cated in polytraumatized patients with apnea or 
snap breathing and recommended in patients with 
hypoxia (SpO2<90%), a traumatic brain injury (GCS 
<9), a trauma-associated hemodynamic instability 
(RR systolic <90 mm Hg) or after severe thorax 
trauma with respiratory insufficiency. However, 
some EMS physicians perform out-of-hospital intu-
bation in case of severe pain after major trauma.7 
In the receiving ED, the trauma team consists 
of traumatologists, visceral surgeons, neurosur-
geons, anesthetists and radiologists due to national 
recommendations.7 Primary and secondary surveys 
are performed according to advanced trauma life 
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Table 1 Demographic data

All patients 
(n=151)

successful eTI 
(n=142)

Tube malposition 
(n=9)

P 
value

Age (years)* 43±23, 40 (16–91) 42±23, 36 (16–91) 43±17, 43 (19–74) 0.448

Male gender, 
n (%)

105 (69) 93 (65) 7 (78) 0.321

GCS* 8±5, 7 (3–15) 8±4, 7 (3–15) 10±5, 12 (3–15) 0.151

AIS head* 4±1, 4 (1–5) 3±1, 3 (1–5) 4±1, 3 (2–5) 0.469

ISS* 31±17, 25 (4–75) 30±17, 25 (4–75) 40±18, 38 (16–66) 0.053

OST* (min) 56±24, 51 (36–85) 56±25, 51 (36–145) 55±35, 36 (32–114) 0.530

*Mean±SD, median (min-max).
AIS, Abbreviated Injury Scale; ETI, endotracheal intubation; GCS, Glasgow Coma Scale; ISS, 
Injury Severity Score; OST, on-scene time.

Table 2 Patients’ characteristics of esophageal misplacements

Patient Age gender Iss
AIs 
head

gCs on 
scene

Trauma 
mechanism outcome

1 42 Male 66 3 3 Motor vehicle 
crash

Survived

2 43 Male 16 4 3 Fall from height Deceased

3 74 Male 38 3 15 Motor vehicle 
crash

Deceased

4 57 Female 57 3 11 Fall from height Deceased

5 48 Male 43 5 12 Fall from height Survived

AIS, Abbreviated Injury Scale; GCS, Glasgow Coma Scale; ISS, Injury Severity Score.

Table 3 Use of medication, blood gas analysis and evidence of anoxia

no Anesthesia medication blood gas analysis evidence of misplacement

1 Midazolam, fentanyl pH 7.18, pCO2 50.3, pO2 205.4, BE −9 Capnography in trauma room

2 Etomidat, propofol pH 7.17, pCO2 55.1, pO2 80.2, BE −7 Whole-body CT scan

3 Propofol, midazolam, fentanyl, succinylcholin pH 7.28, pCO2 68, pO2 443, BE 2.5 Capnography in trauma room

4 Piritramid pH 7.1, pCO2 47.1, pO2 64.9, BE −10 Capnography in trauma room

5 Hypnomidate propofol, morphin pH 7.16, pCO2 52.4, pO2 255, BE −9 Capnography in trauma room

support standard. All major trauma patients undergo multislice 
CT after focused assessment of sonography for trauma.

statistics
Descriptive statistics was performed using numbers (percentage) 
and mean values (±SD). Computations used SPSS V.20 (SPSS) 
for Windows using X2 test or Fisher’s test for categorical vari-
ables. Normal distribution was tested using Student’s t-test or 
Mann-Whitney test. Differences between the two groups were 
compared by using X2 test for categorical variables and the t-test 
for continuous variables. The significance level was set up at 
p<0.05. Multivariate analysis was not performed due to low 
sample sizes.

resuLTs
During the 3-year study period, 1176 patients were admitted to 
our center and presented to our trauma team. One hundred and 
fifty-one patients (12.8%) underwent emergency out-of-hos-
pital ETI by EMS physicians. Demographic data and patient’s 
characteristics are displayed in table 1. Context of injuries were 
motor vehicle crash in 85.1%, falls from height in 10.4%, and 
4.5% other trauma mechanisms. After hospital admission, 139 
patients (92.1%) were classified as successfully intubated and in 
nine patients (5.9%) tube malpositions were recognized. Five 
patients (3.3%) had esophageal malpositions and four patients 
(2.7%) had mainstem malpositions (three right side, one left 
side). Esophageal malpositions were associated with three fatal 
outcomes (60.0%) and two patients had a GOS score of 3 and 
4, respectively (table 2). Four esophageal malpositions were 
detected during primary survey after connecting to capnography 
and in one patient after a whole-body CT scan (table 3).

DIsCussIon
In this study, we investigated the prevalence and outcomes of 
tube malpositions of major trauma patients admitted to a level 
I trauma center after out-of-hospital ETI by EMS physicians. 
The incidence of misplaced ETI was 5.9% whereas esophageal 
misplacements are more likely to cause irreversible neurological 

sequelae and are often fatal due to inadvertent iatrogenic hypox-
emia in contrast to mainstem bronchial misplacements. In the 
current literature, the reported incidence of unrecognized 
esophageal misplacements in out-of-hospital ETI is ranging from 
<1% up to 16.7% (table 4).

We did not select patients due to ISS, which can only be 
calculated after completion of diagnostic and thus may not be 
applied appropriately for acute patient triage. The study popu-
lation reflected real-life presentations to the trauma team.

EMS physicians usually do not work in EMS only but attend 
several days per month. Thus, the performance of emergency 
ETI may vary considerably. EMS physicians perform ETI only 
once every 0.5–1.5 months depending on the type of EMS 
program (ground vs. helicopter EMS).6 8 The needed number of 
ETIs prior to the active participation in EMS is still an area of 
debate: studies found between 75 and 150 performed ETI as a 
prerequisite to reach a high first-pass success.8–10 Furthermore, 
video laryngoscopy showed improved intubation success rates 
in trauma patients.11 Therefore, the recently revised German 
guideline on treatment of patients with severe and multiple 
injuries particularly recommends video laryngoscopy use and 
frequent training in emergency anesthesia, ETI, and alterna-
tive ways of securing an airway (including bag valve mask, 
supraglottic airway devices, and emergency cricothyrotomy).11

Detailed neurological outcomes of patients with delayed or 
unrecognized malpositioned tubes are not available.2 7 12 In our 
study, patients who suffered from unrecognized tube misplace-
ment had more unfavorable GOS in comparison to patients 
with successful airway management.

Esophageal intubation can be survived when spontaneous 
breathing is warranted. Due to the use of paralytics and anes-
thetic drugs, this may be impaired or impossible. Furthermore, 
the risk of tracheobronchial aspiration may be increased when 
the tube is removed from the esophagus. Therefore, direct 
laryngoscopy and ETI should be performed before esopha-
geal placed tube removal. In four cases, the fatal esophageal 
misplacement was detected immediately after admission, but 
in one case due to spontaneous breathing despite tube obstruc-
tion the misplacement was found after a whole-body CT scan.
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Table 4 Case series of delayed detected or undetected inadvertent esophageal misplacement of tracheal tubes in out-of-hospital emergency 
medical service since 2000

reference origin Population study design Patients esophageal (%) eMs provider helicopter eMs outcome

Katz and Falk13 USA Trauma Pro 108 18 (16.7) Paramedic No Unknown

Jones et al14 USA Mixed Pro 208 12 (5.8) Physician No Unknown

Jemmett et al 15 USA Mixed Pro 136 10 (9) Paramedic Yes Unknown

Thierbach et al 7 Germany Mixed Pro 598 0 Physician No NA

Wang et al16 USA Mixed Pro, mc 783 102 (13.8) Mixed Mixed Unknown

Albrecht et al 17 Switzerland Mixed Retro 762 1 (0.13) Physician Mixed Survived

Helm et al 18 Germany Mixed Pro 342 0 Physician Yes NA

Gunning et al 19 Australia Mixed Pro 89 0 Physician Yes NA

Geisser et al 20 Germany Mixed Retro 488 0 Physician No NA

Cobas et al 21 USA Trauma Pro 203 25 (12) Paramedic No 17 died

Timmermann et al 6 Germany Mixed Pro 149 10 (6.7) Physician Mixed 8 died, 2 survived

Wirtz et al 22 USA Mixed Pro 132 11 (9) Physician Mixed Died

Sollid et al 23 Norway Trauma Retro 240 1 (0.4) Physician Yes Died <24 hours

Nakstad et al 24 Norway Mixed Pro 122 0 Physician Yes NA

Lockey et al 10 UK Trauma Pro 472 7 (1.5) Mixed No Unknown

Kamiutsuri et al 25 Japan Mixed Retro 742 4 (0.5) Physician No Unknown

Rognas et al 26 Denmark Mixed Pro 734 31 (4.2) Physician No Survived

Schöeneberg et al 27 Germany Trauma Retro 166 14 (8.4) Physician Mixed Unknown

Özkurtul et al 2019 Germany Trauma Retro 151 5 (3.2) Physician Mixed 3 died, 2 survived

EMS, emergency medical service; NA, not assayed.

Limitations of this study include the retrospective design 
which may have caused a study bias. The study was conducted 
at a single trauma center, and local structures can limit the 
interpretation of the results. Furthermore, the sample size is 
too small for multivariate logistic regression analysis. We did 
not include patients undergoing alternative airway devices (eg, 
laryngeal masks, laryngeal tubes or Combitubes) which may 
impair the interpretation of our results. Although all patients 
with tube malpositions underwent direct laryngoscopy using 
Macintosh blades, we did not investigate the rate of video 
laryngoscopy in our whole study collective and patients in 
the successful intubation group may have had more frequent 
use of video laryngoscopy. We did not particularly analyze the 
training levels of EMS physicians regarding ETI performance, 
which may have varied considerably. However, we present 
real-world data with all strengths and weaknesses.

ConCLusIon
We found a considerable incidence of unrecognized misplace-
ments of endotracheal tube emergency ETI of severely injured 
patients in a physician-based out-of-hospital EMS setting. 
Further studies should be warranted to develop strategies for 
an improved ETI performance of EMS providers by conse-
quent application of available technologies.

Acknowledgements We acknowledge the support from the German Research 
Foundation (DFG) and Leipzig University within the program of Open Access 
Publishing.

Contributors OÖ conceived the study and designed the protocol. OÖ, SS and JF 
collected the data. OÖ, MFS and MB analyzed the data. CJ and HW supervised the 
conduct of the study and data collection. OÖ, MFS and MB drafted the article, and all 
authors contributed substantially to its revision. OÖ take responsibility for the article 
as a whole. All authors read and approved the final article.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

ethics approval The study was performed in accordance with the Declaration 
of Helsinki and approved by the ethics committee of the Medical Faculty of the 
University of Leipzig with the reference number 137-15-20042015.

Provenance and peer review Not commissioned; externally peer reviewed.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

RefeRenCes
 1. Hilbert-Carius P, Wurmb T, Lier H, Fischer M, Helm M, Lott C, et al. Versorgung von 

Schwerverletzten: update Der S3-Leitlinie Polytrauma/Schwerverletzten-Behandlung 
2016. Anaesthesist 2017;66:195–206.

 2. Timmermann A, Russo SG, Hollmann MW. Paramedic versus emergency physician 
emergency Medical service: role of the anaesthesiologist and the European versus the 
Anglo-American concept. Curr Opin Anaesthesiol 2008;21:222–7.

 3. Timmermann A, Braun U, Panzer W, Schlaeger M, Schnitzker M, Graf BM. 
Out-of-hospital airway management in Northern Germany. Anaesthesist 
2007;56:328–34.

 4. Lockey D, Crewdson K, Weaver A, Davies G. Observational study of the success 
rates of intubation and failed intubation airway rescue techniques in 7256 
attempted Intubations of trauma patients by pre-hospital physicians. Br J Anaesth 
2014;113:220–5.

 5. Hußmann B, Waydhas C, Lendemans S. Schockraummanagement beim Schwer- und 
Schwerstverletzten. Eine interdisziplinäre Aufgabe. Med Klin Intensivmed Notfmed 
2012;107:217–-27. quiz 228-9.

 6. Timmermann A, Russo SG, Eich C, Roessler M, Braun U, Rosenblatt WH, Quintel 
M. The out-of-hospital esophageal and endobronchial Intubations performed by 
emergency physicians. Anesth Analg 2007;104:619–23.

 7. Thierbach A, Piepho T, Wolcke B, ster S K, Dick W. Prehospital emergency airway 
management procedures. Anaesthesist 2004.

 8. Bernhard M, Mohr S, Weigand MA, Martin E, Walther A. Developing the skill of 
endotracheal intubation: implication for emergency medicine. Acta Anaesthesiol 
Scand 2012;56:164–71.

 9. Je S, Cho Y, Choi HJ, Kang B, Lim T, Kang H. An application of the learning curve–
cumulative summation test to evaluate training for endotracheal intubation in 
emergency medicine. Emergency Medicine Journal 2015;32:291–4.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://tsaco.bm
j.com

/
T

raum
a S

urg A
cute C

are O
pen: first published as 10.1136/tsaco-2018-000271 on 8 F

ebruary 2019. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1097/ACO.0b013e3282f5f4f7
http://dx.doi.org/10.1093/bja/aeu227
http://dx.doi.org/10.1213/01.ane.0000253523.80050.e9
http://dx.doi.org/10.1111/j.1399-6576.2011.02547.x
http://dx.doi.org/10.1111/j.1399-6576.2011.02547.x
http://dx.doi.org/10.1136/emermed-2013-202470
http://tsaco.bmj.com/


4 Özkurtul O, et al. Trauma Surg Acute Care Open 2019;4:e000271. doi:10.1136/tsaco-2018-000271

Open access

 10. Lockey DJ, Healey B, Crewdson K, Chalk G, Weaver AE, Davies GE. Advanced 
airway management is necessary in prehospital trauma patients. Br J Anaesth 
2015;114:657–62.

 11. Lendemans S, Ruchholtz S. S3-Leitlinie Polytrauma/Schwerverletzten-Behandlung. 
Unfallchirurg 2012;115:14–21.

 12. Wang HE, Mann NC, Mears G, Jacobson K, Yealy DM. Out-of-hospital airway 
management in the United States. Resuscitation 2011;82:378–85.

 13. Katz SH, Falk JL. Misplaced endotracheal tubes by paramedics in an urban emergency 
medical services system. Ann Emerg Med 2001;37:32–7.

 14. Jones JH, Murphy MP, Dickson RL, Somerville GG, Brizendine EJ. Emergency physician-
verified out-of-hospital intubation: miss rates by paramedics. Acad Emerg Med 
2004;11:707–9.

 15. Jemmett ME, Kendal KM, Fourre MW, Burton JH. Unrecognized misplacement of 
endotracheal tubes in a mixed urban to rural emergency medical services setting. 
Acad Emerg Med 2003;10:961–5.

 16. 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;58:49–58.

 17. Albrecht E, Yersin B, Spahn DR, Fishman D, Hugli O. Success rate of airway 
management by residents in a pre-hospital emergency setting: a retrospective study. 
Eur J Trauma 2006;32:516–22.

 18. Helm M, Hossfeld B, Scha¨fer S, Hoitz J, Lampl L. Factors influencing emergency 
intubation in the pre-hospital setting—a multicentre study in the German helicopter 
emergency Medical service. Br J Anaesth 2006;96:67–71.

 19. 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;26:65–9.

 20. Geisser W, Maybauer DM, Wolff H, Pfenninger E, Maybauer MO. Radiological 
validation of tracheal tube insertion depth in out-of-hospital and in-hospital 
emergency patients. Anaesthesia  
2009;64:973–7.

 21. Cobas MA, De la Peña MA, Manning R, Candiotti K, Varon AJ. Prehospital Intubations 
and mortality: a level 1 trauma center perspective. Anesth Analg  
2009;109:489–93.

 22. Wirtz DD, Ortiz C, Newman DH, Zhitomirsky I. Unrecognized misplacement of 
endotracheal tubes by ground prehospital providers. Prehospital Emergency Care 
2007;11:213–8.

 23. Sollid SJM, Lossius H, Søreide E. Pre-hospital intubation by anaesthesiologists in 
patients with severe trauma: an audit of a Norwegian helicopter emergency Medical 
service. Scand J Trauma Resusc Emerg Med 2010;18:30.

 24. Nakstad AR, Heimdal H-J, Strand T, Sandberg M. Incidence of desaturation during 
prehospital rapid sequence intubation in a physician-based helicopter emergency 
service. Am J Emerg Med 2011;29:639–44.

 25. 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;27:374–9.

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

 27. Schoeneberg C, Schilling M, Hussmann B, Schmitz D, Lendemans S, Ruchholtz 
S. Preventable and potentially preventable deaths in severely injured patients: 
a retrospective analysis including patterns of errors. Eur J Trauma Emerg Surg 
2017;43:481–9.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://tsaco.bm
j.com

/
T

raum
a S

urg A
cute C

are O
pen: first published as 10.1136/tsaco-2018-000271 on 8 F

ebruary 2019. D
ow

nloaded from
 

http://dx.doi.org/10.1093/bja/aeu412
http://dx.doi.org/10.1007/s00113-011-2103-x
http://dx.doi.org/10.1016/j.resuscitation.2010.12.014
http://dx.doi.org/10.1067/mem.2001.112098
http://dx.doi.org/10.1197/S1069-6563(03)00315-4
http://dx.doi.org/10.1016/S0300-9572(03)00058-3
http://dx.doi.org/10.1007/s00068-006-6001-z
http://dx.doi.org/10.1093/bja/aei275
http://dx.doi.org/10.1136/emj.2008.059345
http://dx.doi.org/10.1111/j.1365-2044.2009.06007.x
http://dx.doi.org/10.1213/ane.0b013e3181aa3063
http://dx.doi.org/10.1080/10903120701205935
http://dx.doi.org/10.1186/1757-7241-18-30
http://dx.doi.org/10.1016/j.ajem.2010.01.013
http://dx.doi.org/10.1007/s00540-012-1528-x
http://dx.doi.org/10.1186/1757-7241-21-58
http://dx.doi.org/10.1007/s00068-016-0670-9
http://tsaco.bmj.com/

	Physician-based on-scene airway management in severely injured patients and in-hospital consequences: is the misplaced intubation an underestimated danger in trauma management?
	Abstract
	Background
	Methods
	Investigated variables
	Setting
	Statistics

	Results
	Discussion
	Conclusion
	References


