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ABSTRACT
Background
Airway management is an essential skill for emergency physicians. Safety and efficacy are crucial components to the success thereof.  Analysis of an airway registry can provide feedback that can be used for quality improvement purposes. 

Objectives
The aim of this study was to examine the first airway registry from an academic Emergency Department (ED) in South Africa, a low-middle income country (LMIC) in Africa, and compare the findings to international data. 
 

Methods
A retrospective analysis of 13 month’s data from the airway registry from an academic ED with annual census of 60 000 patients. Data analysed included demographics, indications for intubation, training level of operator, type of intubation device, number of attempts, pre-oxygenation methods as well as drug and intravenous fluids usage. 

 

Results
A total of 321 patient intubations were included. The majority of the patients had non-traumatic indications for intubation (71.6%). The overall first-pass intubation success rate was 76%, compared with international rates of 80-90%. This less than ideal rate was attributable to the lower first-pass success rates of junior operators (interns). The more experienced medical officers and registrars had similar success rates to international findings (83-85% and 82-91% respectively). Overall first-pass success rates showed no difference for video (81%) compared to direct (73%) laryngoscopy (p-value 0.079) although better glottic views were obtained with video laryngoscopy (80% were Cormack-Lehane Grade 1). Analysis of pre-oxygenation methods suggested that some patients desaturated more despite having received more aggressive pre-oxygenation e.g. with non-invasive (36% desaturated) or bag-mask ventilation (60% desaturated) techniques. It is postulated that these patients were sicker compared with those only pre-oxygenated with simple non-rebreather face-mask pre-oxygenation (only 4% desaturated). 

 

Conclusion
This analysis of the first airway registry from an academic ED in South Africa, highlights that airway management in an LMIC can be performed on par with accepted international standards. It serves as a good baseline for further research into airway management in other LMIC. 
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INTRODUCTION

Airway management is an essential skill for emergency department (ED) doctors; there is no longer a need to rely on other specialties to intervene on the patient’s behalf.[1,2] However, to progress and improve the quality of care one must understand current practice norms to identify where improvements can be made. 
Airways managed in the ED can be fraught with difficulty, from acutely ill patients with deranged physiology, to time- and resource-constraints. [3,4] Numerous airway databases are already accumulating data worldwide that provide insight into the complexity of emergency airway management, and this data has been repeatedly analysed to form the many different airway algorithms available today. [1,2,5-8] Not only do these databases provide glimpses into clinical practice, but also aid in designing future prospective studies, targeting areas that have been identified as crucial components in bettering patient care.  
As Emergency Medicine develops in South Africa, emergency physicians are becoming more responsible for airway management in the ED. International studies have showed widely varying success and complication rates in EDs from North America, Asia, Australasia, and Europe, but currently there is very little insight or research available concerning the level of airway management in Africa, and how that standard of care compares with global ‘first-world standard’. [9] The small amount of local data available deals only briefly with success rates, techniques, and adverse events in an isolated single-centre report. [10] 
As the first iteration of an airway registry in a South African ED, this retrospective analysis serves as the initial step in understanding how management of emergency patients and their airways can be improved. The objectives of this study were to analyse and compare first-pass, as well as direct- and video laryngoscopy success rates; to assess the adequacy of pre-oxygenation; and to compare factors affecting patient deterioration during airway management in a South African ED. 
MATERIALS AND METHODS
Study Setting 
This was a retrospective registry review of all patients that required airway interventions in an academic ED in Johannesburg, South Africa from 1 September 2015 to 31 October 2016.  The ED is staffed by full-time emergency physicians, emergency medicine registrars and medical officers (most with less than 5 years of post-graduate experience). Interns, paramedics, and nursing staff also rotate and train in the ED. The department has an annual census of 60 000 patients, and is a mixed ED treating both trauma and medical emergencies. Due to a dedicated ‘Mother and Child’ hospital nearby, the department sees fewer gynaecological and paediatric cases than other mixed EDs. 

Permission to conduct this research was obtained from the hospital ethics committee, as well as the Human Research Ethics Committee of the Faculty of Health Sciences of the University of the Witwatersrand. (M161150)

About the Airway Registry

The airway registry was first started in August 2015. Every patient that required airway intervention (uniformly meaning intubation) was entered into the registry. Records were entered into a pre-designed REDCap (Research Electronic Data Capture, Vanderbilt University Medical Centre, Nashville TN, USA; licensed for University of the Witwatersrand) database, a secure web application used for building and maintaining online databases. Access was restricted to the departmental head and registry coordinator. Record entry was followed up on a regular basis by the registry coordinator to ensure correct recording and consecutive patient sampling. Any missing information was added from hospital records. Patients that required re-intubation for any reason were also recorded in the registry, as well as any patients intubated in the ED by non-ED staff. Patients intubated in the operating room, wards, and in the pre-hospital environment were not entered in the registry. 
The primary airway operator (‘the intubator’) was responsible for completing the registry. Information regarding patient demographics; body habitus; pathology; preparation, including preload volume and inotrope usage; methods of airway management, including pre-oxygenation, devices used, success or failure, and operator-level; drugs used; vital signs; and complications, were all recorded. This operator also made decisions regarding drug choice, and equipment or adjunct usage. A standardised algorithm based on the STOP-IC-BARS mnemonic was available in the ED for guidance. 
Levels of operators were divided into interns (less than 2 years of post-graduate training), medical officers (2-5 years post-graduate training), registrars (more than 3 years post-graduate training), and other: which included paramedics, nursing students, and emergency physicians. Where the operator level was unclear or not recorded the ‘other’ category was checked, and it was indicated further that ‘operator was not known’. No provision was made in the registry to indicate extra experience in airway management, such as anaesthetics training or advanced airway courses. 
Intubation success was defined as passage of an endotracheal tube (ETT) through the vocal chords within 3 attempts; a single attempt resulted in either correct placement of the ETT or re-oxygenation and a subsequent attempt. A failed intubation was a failure to correctly place the ETT within 3 attempts, necessitating a rescue airway, such as a surgical airway or supra-glottic device. Direct laryngoscopy was performed with a standard MacIntosh direct laryngoscope, with a choice of size 2 – 4 blades. The GlideScope® Titanium Reusable video laryngoscope (Verathon Inc, Bothell WA, USA) with a hyper-angulated blade was used in all video-assisted intubations. Either a size 3 or 4 blade was available, as well as the manufacturer-provided intubating stylet.  Choice of either direct- or video laryngoscopy was at the discretion of the intubator.
Vital signs were recorded from monitors in the ED, which were regularly calibrated. Correct monitor placement, time-cycling, and blood pressure cuff sizing was done by nursing staff. Significant hypoxemia was defined as oxygen saturation less than 90%. A heart rate greater than 100 or less than 50, and systolic blood pressure less than 90 mmHg, or a 20% change from baseline of either parameter was considered significant. 

Data Collection 
Data was extracted in spreadsheet format after each record had been checked for completeness. Any patients under 18 years, all obstetric and gynaecology patients, and any patients with incomplete records were excluded. Exhaustive searches in hospital archives and digital admission systems were conducted and some data were extracted from patient records where available.
Statistical Analysis

All eligible records from the study period were included. 
Comparison of the first-pass success rate for direct- vs video laryngoscopy was carried out using the z-test for proportions.  

The Χ2 test was used to assess the relationship between grading of the laryngoscopic view at the first attempt between direct and video laryngoscopy, comparison of the grading for unsuccessful versus successful attempts within each device, determination of the association between desaturation and pre-oxygenation method, and determination of the association between time of intubation and number of attempts at intubation.  Fisher’s exact test was used for 2 x 2 tables or where the requirements for the Χ2 test could not be met. 

The relationships between number of attempts at intubation compared to blood pressure, heart rate, and oxygen saturation, were assessed by the t-test (or ANOVA for more than two categories).  Where the data did not meet the assumptions of these tests, a non-parametric alternative, the Wilcoxon rank sum test (or the Kruskal-Wallis test for more than two categories) was used. The strength of the associations was measured by the Cohen’s d for parametric tests and the R-value for the non-parametric tests. 
Data analysis was carried out using SAS (version 9.4 for Windows, SAS Institute, Cary NC, USA).  The 5% significance level was used except where multiple comparisons were made.  
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RESULTS
During the period a total of 374 records were captured on the registry. Figure 1 shows the derivation of eligible records. Most of the excluded patients were ‘unknown’ trauma patients where approximate age was not recorded, and hospital records were missing or incomplete for comparison. The mean patient age was 41 years (18-91 years), with males accounting for 58% of the study population. Pathologies requiring airway intervention are recorded in Table 1. 
Methods of Visualisation

Table 1 also shows the first-pass success of direct laryngoscopy (DL) and video laryngoscopy (VL), as well as the Cormack-Lehane grading of visualisation. The difference in overall success rates of DL and VL was not statistically significant (p-value 0.079).  

	Table 1. Indications for intubation, and first-pass success of direct and video-laryngoscopy

	Indication for intubation

	NON-TRAUMA
	230 (71.6%)
	TRAUMA
	67 (20.8%)

	Pulmonary   
	65 (20.3%)
	PVC
	11 (3.4%)

	Pneumonia
	35 (10.9%)
	Assault
	11 (3.4%)

	Neurological
	65 (20.3%)
	Burns
	10 (3.1%)

	Status epilepticus
	28 (8.7%)
	MVC
	9 (2.8%)

	CVA
	13 (4%)
	Stab
	6 (1.9%)

	ICH
	10 (3.1%)
	Fall from height
	4 (1.2%)

	Overdose
	30 (9.3%)
	GSW
	2 (0.6%)

	Cardiac
	14 (4.3%)
	Other†
	14 (4.4%)

	CCF
	8 (2.5%)
	
	

	Sepsis/septic shock
	13 (4.1%)
	CARDIAC ARREST‡
	24 (7.4%)

	Surgical
	4 (1.3%)
	
	

	Anaphylaxis
	3 (0.9%)
	
	

	Other*
	17 (5.3%)
	
	

	Unknown
	19 (5.9%)
	
	

	First-pass success of direct and video-laryngoscopy

	Direct laryngoscopy
	Video laryngoscopy

	
	C-L grade
	First-pass success
	C-L grade
	First-pass success

	Grade 1
	78 (52%)
	64 (82%)
	132 (80%)
	117 (88%)

	2
	54 (36%)
	37 (68%)
	26 (16%)
	16 (61%)

	3
	15 (10%)
	8 (53%)
	3 (1.8%)
	1 (33%)

	4
	3 (2%)
	1 (33%)
	3 (1.8%)
	0 (0%)

	Total
	
	110 (73%)
	
	134 (81%)

	CVA, cerebro-vascular accident; ICH, intracranial haemorrhage; CCF, congestive cardiac failure; PVC, pedestrian-vehicle collision; MVC, motor-vehicle collision; GSW, gunshot wound; C-L, Cormack-Lehane
*Includes unspecified hypoxia, hypothermia, and diabetic ketoacidosis
†Includes patients where injuries were not specified in the registry
‡All cardiac arrest patients were grouped together, regardless of the cause of the arrest


Intubation Success Rates

Overall first-pass intubation success rate was 76%. Medical officers and registrars had similar success rates. Figure 2 depicts the success rates of each level of operator, as well as success after multiple attempts, and rescue attempts. Only 2 patients failed intubation after multiple attempts and rescue attempts. One patient received a surgical airway (0.3%) performed by an emergency physician, and the other was ventilated with a laryngeal mask airway and later intubated in the operating room.
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Pre-oxygenation
Some patients received more than one method of pre-oxygenation simultaneously, however, incidence of desaturation was only analysed for each single method. Not enough information was available to examine the multiple combinations used in the registry.  The incidence of desaturation with each of these methods is shown in figure 3. Overall, 52 patients (16.8%) had oxygen saturation less than 90%. In this ED, the standard bag-valve-mask device does not have a positive end expiratory pressure (PEEP) valve, as the PEEP-valve adaptor is a separate piece of equipment. 
Factors affecting vital signs
The only factor producing a noticeable effect on patient vital signs in the post-intubation period was the choice of induction drug, although no agent caused a statistically significant change in vital signs. No benzodiazepines were used for induction; 3.7% of patients did not receive any induction agents, and 2.8% received no muscle relaxants. Etomidate was used most frequently (n=149) and was associated with the least decrease in blood pressure and heart rate (9mmHg decrease at 20 minutes from baseline systolic blood pressure). Ketamine was used in 115 patients, with a decrease from baseline of 9-12mmHg. Propofol was used least frequently, in 45 patients, with a decrease of 14-18mmHg from baseline. 
There was no association between change in vital signs and number of attempts at intubation, choice of paralysing agent, or use of other pre-medications (including adrenaline, atropine, and midazolam). Time of day of intubation did not have any effect on first-pass success rates (07h00-19h00: 77.8% and 19h00-07h00: 75.3%, p-value 0.69), vital signs, or number of intubation attempts. 
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DISCUSSION

This analysis is the first of its kind from South Africa, and as such there is very little data with which to compare it. This single-centre database had nearly 400 patients in the 13 months under review, averaging approximately one patient per day that required advanced airway management.  
Due to inadequate hospital records, 11% of the initial dataset had to be excluded. These were mainly unknown trauma patients. Trauma patients present a unique challenge for airway management and this large group of missing data could represent multiple potentially difficult airways that may have affected this analysis.
Intubation Success Rates

The overall success rates in this study were slightly lower compared to that seen in other published studies.  Table 2 tabulates and compares the results of this database with other airway databases. The overall success rate in this study appears to have been affected by the low success of rates of interns. This is likely due to their limited exposure to emergency airway management prior to their rotation in the ED. Very few of the studies below have adequate data to compare each level of operator, but those that do show a wide range of success in the junior group. Directly comparing senior personnel across studies shows a more equivalent success rate. 
	Table 2. Comparison of intubation success rates and surgical airways performed

	Author
	No.
	Origin
	First-pass success %
	First intubator success %
	First-pass success by experience
	Surgical airway %

	
	
	
	
	
	Intern
	MO
	Registrar
	

	Sakles4
	610
	USA
	81
	-
	-
	-
	-
	1.1
(7/610)

	Walls1
	8937
	USA
	81
	-
	-
	-
	-
	0.2 (20/8937)

	Sagarin/Walls5
	5768
	USA,
Canada,
Singapore
	83
	90
	82
(2081)
	88
(1963)
	82
	0.16 (11/6661)

	Levitan12
	456
	USA
	86
	-
	-
	-
	-
	0.4 (2/456)

	Alkhouri2
	3710
	Aus / NZ
	83.7
	-
	-
	83.7
	87.2
	0.27 (10/3710)

	Kerslake32
	3738
	Scotland
	85
	-
	-
	83
	-
	0.13 (5/3738)

	Tam33
	214
	China
	90
	-
	-
	86
	91
	0.5 (1/214)

	Wongyingsann11
	757
	Thailand
	79.6
	-
	39.8
	71
	70
	0.4 (3/757)

	This study
	321
	South Africa
	76
	93
(301/321)
	53
(9/17)
	83
(194/233)
	85
(35/41)
	0.3 (1/321)

	MO, Medical officer; USA, United States of America; Aus, Australia; NZ, New Zealand


Most of the comparison studies are multi-centre trials from North America. The generalisability of their results to an African context is debatable, especially when considering the resource-restrictions in low- and middle-income countries. A Nigerian study of 94 patients in their ED documented an 81% first-pass success rate, but these were mainly performed by anaesthetic registrars (73%). They documented an overall adverse event rate of 93% (notably, hypotension and desaturation of 42% and 34% respectively), likely due to large delays in securing patient’s airways. Mean time to intubation was 129 minutes, for a variety of reasons, including lack of staff, drugs, and oxygen. [9] A single-centre study from Thailand with 757 patients, showed an overall first-pass success of 79.6%, but with a complication rate of 37%. In their ED, which saw only medical patients, most were intubated without muscle-relaxants, and sedated with benzodiazepines alone, which together were cited as possible causes of their adverse event rates. [11] Several studies have documented increased success rates when using a rapid sequence intubation technique. The addition of muscle relaxants is associated with an 8-16% increase in first-pass success, as well as decreased complication rates including oesophageal intubation. [3,5,6]
Rescue attempts in this registry possibly reflected the level of training of staff: interns were only granted 1 attempt, whereas medical officers and registrars had a second attempt in every case. Interns required far more ‘rescues’ than did the medical officers, and registrars did not have a documented rescue intubation. This may be due to under-reporting, or it may be that registrars are often the most experienced doctors in the ED. In 2013, Sakles et al. found that 3 or more intubation attempts had an adverse event in up to 70% of cases. [6] Thus, whether due to reporting biases, ego, or staff-availability, airway operators should be encouraged to ask for help as early as possible.  
The rate of surgical airways seems to have declined over time. In the study by Sakles, et al. in 1998 the rate of surgical intervention was 1.1%, whereas in later studies the rate is below 0.5% (Table 2). While this may not be a significant difference, it represents a change in airway practice over the 20 years between these studies. More tools are available to the ED doctor outside of the operating room and more emphasis is being placed on adequate airway preparation. While a lot of these methods are not commonplace in the African setting, the basics of adequate preparation, and a logical progression through a ‘difficult airway algorithm’ have permeated clinical practice, as is evident by the comparable intubation success and surgical airway rates from this study. 

Visualisation and method of laryngoscopy
Ongoing debate is raging in the Emergency Medicine community about the utility of VL, and the loss of the skill of DL. [13] What would happen if the video device had a flat battery? What if the wires or screen were broken? Neither modality could exist without the other, and yet the usefulness of VL in the ED is still being determined. Currently, its greatest potential is as a rescue device. [7,14] 
In a 2016 Cochrane review by Lewis et al. VL and DL were compared using the results of 64 studies. Although a large amount of heterogeneity becomes apparent in such a review and all participants were unblinded, the authors concluded that for anticipated difficult airways VL had fewer failed intubations, while in patients without a difficult airway neither option showed more benefit. [15] In a similar meta-analysis by Pieters et al. specifically of predicted difficult airways, VL was shown to have better glottic views translating to a 9% greater first-pass success rate, and less mucosal trauma. [16] In contrast, this study showed that neither modality resulted in a higher success rate; however, a worse C-L view with VL had a moderate association with poorer success rates (p<0.0001). 
Some would argue that there may be increased risk in using VL due to a false sense of security, as well the ‘distraction of a pretty screen’ and ‘mesmerising views of the glottic inlet’.17,18 In trauma patients VL may be negatively affected by blood in the airway, producing longer durations to intubation with associated desaturation. [19] 
Skill with VL requires deliberate training and practice with a specific technique. [20,21] A 7-year study by Sakles et al in 2014 showed that the first-pass success rate of GlideScope® intubation improved from 74% for first year registrars up to 90% for third year registrars, where the success rates for direct laryngoscopy remained relatively similar for experience levels. A potential confounder to this is a relative lack of training in DL, as VL is used as a rescue device for failed DL therefore trainees never get the opportunity to fine-tune the DL skill-set. [22] 
In this study, the choice of device was left to the discretion of the airway operator and as such, VL was the primary method in over half of intubation attempts. Whether this choice could later hamper DL skill or potentially save patients due to proficiency with VL would require further investigation. Another point to consider is the availability of VL in the South African context. Not every ED has access to this expensive piece of equipment, and anecdotal experience shows that most other EDs primarily use DL, although no studies are currently available to prove this, or the implications thereof.
For this ED, where inexperienced operators often train, one benefit of VL is that the teacher sees on a video screen what a student sees during direct laryngoscopy and allows real-time feedback, while at the same time offering the security for the teacher to take over at any time. There is also an option to watch video-playback of the intubation and advise on how to better approach the airway in future. As mentioned by Sainsbury et al, a pre-requisite for this is the use of standard-blade video laryngoscopes, and not hyper-angulated blades. [23]
Pre-oxygenation

In recent years, there has been a large emphasis on the use of nasal cannula oxygen in conjunction with other pre-oxygenation (“de-nitrogenation”) methods, both to aid pre-oxygenation and to provide ‘apnoeic oxygenation’. [24,25] 
In this ED, unavailability of end-tidal oxygen detectors as used in other oxygenation studies, as well as relatively sparse recording of oxygen saturation make the data from this registry insufficient to analyse the apnoeic period. The saturation parameter is only recorded in the registry at the time of intubation and every 5 minutes up to 20 minutes post-intubation. Therefore, apnoeic oxygenation will not be addressed in this article. However, the available data was used to determine adequacy of pre-oxygenation, using the oxygen saturation at time of intubation as a surrogate. 
Most of the patients in this review received more than one method of pre-oxygenation, however the specific combinations were not analysed, and only desaturation for each individual method was tabulated. The non-rebreather facemask was used most commonly – likely as it was most readily available. Only 4.5% of patients in which this method was used experienced oxygen saturation less than 90% during their intubation. A single study in 2017 from Minneapolis showed that the concept of using a non-rebreather at ‘flush-rate’ was superior to standard non-rebreather facemask or bag-mask ventilation, and demonstrated mean expired oxygen levels of 86%.[26] This method, and even standard flow-rate at 15L/min, depends on an awake spontaneously breathing patient, but should be further investigated in a South African context as it is a simple, inexpensive method of preoxygenation. Disease severity was not documented in the registry, but this may have skewed the success of this method, as these patients may have been less ill prior to intubation.
The addition of nasal cannulae for the period of preoxygenation has been shown to improve oxygen delivery in masks with improper seals, as well as potentially delay desaturation when used in combination with a non-rebreather mask. [24,27] There was no guideline in the ED recommending a specific method, and there was no documentation in the registry regarding flow rate, which patients were eligible, and how nasal cannulae were combined with other methods. Due to the relative paucity of data related to use of nasal cannula in this study, no strong conclusion can be drawn regarding its benefit. 
Patients in whom non-invasive ventilation and bag-mask ventilation with a PEEP valve adaptor were used experienced significant desaturations (35% and 61% respectively). This is confounded by the fact that the patients that received these types of pre-oxygenation were likely more sick with poor reserve, and were therefore prone to desaturate more quickly. The severity of disease and whether patients were apnoeic or breathing spontaneously was never recorded, and so cannot be compared with frequency of desaturation. Other smaller studies have showed that critically ill patients do benefit from increasing mean airway pressure with some type of PEEP-device. This benefit may be due to recruitment of alveoli in physiologically shunted lungs, or attenuation of diffusion-atelectasis caused by the process of de-nitrogenation. No increase in adverse events have been reported when using these methods, either due to regurgitation with gastric distension, or due to increased intrathoracic pressure and decreased cardiac output. [24,28]
Factors affecting vital signs

Various factors were considered as having the potential for causing post-intubation decompensation. Of the factors that were examined: time of day, and additional drugs had no effect on vital signs; airway operator fatigue would be expected to lead to poorer success rates but in fact first-pass success remained equal regardless of day or night. [29,30]
Induction agents all affected vital signs, but none was statistically or clinically significant. Most patients returned to pre-intubation parameters within 20 minutes. Etomidate was used most frequently, and appeared to be the most haemodynamically stable. However, Ketamine displayed a similar profile, and was used in patients with lower initial blood pressures. Interestingly, Ketamine was not associated with a significant change in heart rate. If patient weight and disease severity had been more accurately documented a correlation between these parameters and the ideal induction dose could be described. This should be more closely studied in future iterations of this database. [31]
LIMITATIONS

A portion of the dataset was excluded due to unavailable patient records, most of which were trauma patients. This 11% could represent a potentially difficult airway scenario due to in-line spinal immobilisation and deranged physiology, thus their exclusion could have caused a significant skewing of the data. 

This data came from a single centre, so regional practices as well as regional resource issues might have affected the data, e.g. stock availability, time to hospital, and airway management protocols.

Consecutive patient sampling was the goal for the registry. This required each doctor to complete the registry after managing their patients. Patient logbooks were audited weekly to ascertain a level of compliance with registry completion. However, the sample may still not have included all patients intubated in the ED.

The registry itself was not initially set up for some of the study outcomes so extrapolating data, particularly for operator level, was not always possible. For many of the patients the hospital records were insufficient or unavailable. 
CONCLUSION
This single-centre retrospective registry review provides insight into current airway practices in this academic South African ED. The patient population had a wide variation of clinical presentations which would challenge the most seasoned ED doctor. 
The level of intubation success in this ED was comparable to international first world standards. Comparison of direct and video laryngoscopy was also consistent with other published results. Pre-oxygenation methods examined in this article unfortunately had too many confounding factors to make any meaningful conclusions and would require more in-depth reporting and analysis in future registries. Other parameters examined showed no significant differences. 
Data from this registry are invaluable in evaluating current practice and identifying areas for improvement. 
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Appendix A: Final protocol
ANALYSIS OF THE AIRWAY REGISTRY FROM AN ACADEMIC EMERGENCY DEPARTMENT IN SOUTH AFRICA

Definitions and abbreviations
‘Attempt’: a single insertion of the laryngoscope which results either in placement of an endotracheal tube (ETT), or rescue-breathing with a bag-mask ventilator

‘Definitive airway management’: confirmed passage of a cuffed ETT beyond the vocal chords

‘Failed intubation’: necessitation of emergency surgical airway (not as primary method), or other rescue manoeuvre, including supraglottic device or laryngotracheal tube, for oxygenation and ventilation of the patient

‘Successful intubation’: confirmed ET placement within 3 attempts

BP


Blood pressure

BVM


Bag-valve mask 

DL


Direct laryngoscopy

EM


Emergency Medicine

ETO2


End-tidal oxygen concentration

ETT


Endotracheal tube

FiO2


Inspired fraction of oxygen

HJH ED


Helen Joseph Emergency Department

HR


Heart rate

NEAR


National Emergency Airway Registry

NIV


Non-invasive ventilation

NPO2


Nasal-prong oxygen

PEEP


Positive end expiratory pressure

VL


Video laryngoscopy

Airway management is a cornerstone of Emergency Department (ED) management for a myriad of patient groups, from sepsis to trauma, metabolic emergencies to anaphylaxis. 
Different methods including non-invasive ventilation (NIV), supra-glottic devices, endotracheal (ET) intubation, and cricothyroidotomy, have found their way into the emergency physician’s repertoire. Emergency physicians need to be both aware of and proficient in these different approaches when related to protecting and securing the airway, as well as management of the difficult airway.  The first step in obtaining these skills is by identifying what the current level of practice is, so that one can evaluate the efficacy thereof, and propose changes that will lead to better patient care and improved outcomes.1
The concept of the airway registry is not new to Emergency Medicine (EM): The US-based National Emergency Airway Registry (NEAR) has been collecting data since 1996 in Boston, Massachusetts. This database alone has generated multitudes of relevant studies that have improved emergency care around the world.2,3 Many more countries have followed suit with similar databases, including the Emergency Care Institute of New South Wales, the Australasian College of Emergency Medicine, and the Korean Emergency Airway registry. With the data that has been gathered by these organisations important insights into the success and failure of airway management, complications experienced, and the variations of inter-operator success, have been published. These publications have led to the establishment of new guidelines used to increase success and decrease adverse events during airway management. 
Operator Success

When the data is published from these registries it invariably includes an analysis of the success of intubators and the incidence of complications. Most of the literature is in agreement that ED physicians are successful in establishing an airway. It is well known that airway emergencies in the ED represent life-and-death situations so it behoves the ED physician to make the first pass attempt the most likely to succeed, and if not, to recognise quickly when he or she has failed and adjust the technique to ensure subsequent success. The more attempts that are made, the worse the outcome for the patient. Success after first-pass for EM resident (post-graduate) intubators in year one ranges from 65-72%, year two from 70-82%, year 3 from 82-88%, year 4+ at 82%, and ‘attending’ physicians (consultants) 89%. The study by Sagarin, et al stated that a peak exists towards the end of the third year of residency (registrar-time), with a decrease in success in the final year. One suggestion to explain this phenomenon is that these senior healthcare providers are saddled with the responsibility of managing the most ill of patients and the most severe of trauma.2 

If one were to look at all operators, regardless of speciality, the success rate increases by roughly 5-8% per experience level, with consultants obtaining an airway in 98%. This correlation could be misconstrued to mean that ED physicians require ‘rescue airways’ from other disciplines. Intubations in the ED are undertaken by EM physicians in 87%-91% of cases, totalling more than 10 000 patients, where non-EM staff are reportedly responsible for approximately 1300 cases. However, it is not stated as to what type of patient-groups are managed by non-EM staff or whether patients were managed initially in the EM-staff, therefore drawing any conclusions relating to ‘bail-out’ airways from this data should be done with scepticism. These data are not meant to create inter-departmental tension but merely to show that first-contact care for airway management in the ED has a very high success rate.2,4
In earlier studies, it has been found that rate of airway failure necessitating cricothyroidotomy to be performed is approximately 0.9-1.1%, even with the severe disease burden that often accompanies the need for definitive airway procedures. This figure has not changed significantly from the 1998 study by Sakles et al (1.1%) to the study by Walls et al in 2009 (0.8%), although the two studies are largely different in size.1,2,3 

Methods of Laryngoscopy

The advent and introduction of video laryngoscopy (VL) has largely replaced the need for surgical airways, difficult airway manoeuvres, and the use of supraglottic devices; although this statement seems contradictory to the above-mentioned incidence of surgical airways.5 As early as 1972 the use of fibre-optic visualisation has been suggested as an aid in airway management.6 In current practice, VL is usually used as a rescue-tool after failed direct laryngoscopy (DL). Many different devices are commercially available, with varying ranges of success. In 2002, it was stated that the flexible bronchoscope was the second most commonly used adjunct related to successful failed airway management: only 11 of the 207 patients deemed to have a failed airway received this intervention, while 44 patients (21%) received a surgical airway.7  
In 2010, Brown et al reviewed the Karl-Storz Macintosh video laryngoscope: this device has the same blade shape as the conventional Macintosh blade. In a study of 198 patients, the VL method produced glottic views with a Cormack-Lehane (C-L) grading of I-II in 93% of cases, while conventional DL only produced grade I-II views in 80%. In the 40 cases of poor glottic exposure with DL, the video laryngoscope improved the vision in 31 cases. It was also stated that the vision attained on VL was worse than DL in 4 cases.  Their conclusion was that VL improves vision up to 80% in patients where DL produces inadequate visualisation of the chords. It is also noted in the discussion that a sizable portion of intubators in this study were novice operators – meaning that less skill is required to get better views using VL, with fewer attempts, and less airway trauma.8 A further study in 2015 comparing Glidescope™ with DL found a positive correlation in the raw data between success with VL and junior residents. This was however retracted after propensity score-matching was applied, showing no statistical difference.9
Pre-oxygenation and De-nitrogenation

Regardless of the method of visualisation of the cords, if the patient is not adequately prepared for the airway procedure then one the of the common sequelae is hypoxia which can lead to brain damage. A large proportion of patients requiring definitive airway management have problems with oxygenation, in which case the astute ED doctor will supplement the patient’s respiration with high concentrations of oxygen, and even support ventilations, using either NIV or a bag-valve mask (BVM). The general aim is to provide enough oxygen to allow for alveolar extraction while the patient is not breathing: usually calculated as 250ml/min in the average healthy 70kg male. In order to do this the alveoli are cleared of nitrogen and replaced with oxygen (de-nitrogenation). Using a standard non-rebreather face-mask one can provide 60-80% FiO2 (inspired fraction of oxygen), aiming for an end-tidal oxygen (ETO2) concentration of 90% or more, providing a ‘lung reservoir’ of approximately 2000-3000mL of oxygen in the 70kg man.10 A venturi mask or standard facemask with reservoir bag would only provide 40-60% FiO2, which would be inadequate for pre-oxygenation purposes. 

NIV is another easy method to pre-oxygenate a patient. Ventilator setup is relatively straight-forward, and requires only a positive end expiratory pressure(PEEP)-setting; or can be achieved with more primitive stand-alone masks. Only co-operative, awake patients who are spontaneously breathing will be able to tolerate the ventilator or mask, and trigger breaths from the machine. However, the advantages are numerous: higher pre-intubation arterial oxygen concentration (SPO2), less desaturation, and longer times to desaturation. Increased PEEP theoretically recruits more alveoli, thereby decreasing shunt-physiology commonly present in the critically ill. An added benefit was even seen in patients with physiologically normal lungs – this may be explained by the positive-pressure ventilation preventing diffusion-related atelectasis. No increase in significant adverse events has been reported, provided airway pressures remain below 20-25cm H2O. Use of BVM with a PEEP valve provides the same support but frequently causes higher airway pressures, associated with increased incidence of gastric distension and vomiting. The BVM must also be operator controlled, as the patient would need to generate significant negative inspiratory pressures to open the valve for inspiration. 11,12,13
The addition of nasal-prong oxygen (NPO2) has received a great deal of attention recently. Their use has been shown to accentuate other modalities, mostly where there is an inadequate mask seal. In a BVM with a simulated mask leak, and in non-rebreather face-mask with and without a mask leak, the addition of NPO2 produced higher ETO2. However, the values obtained in both subsets still fell far short of the accepted 90% ETO2 for pre-oxygenation.14 Apnoeic oxygenation, a procedure where passive oxygenation occurs by way of high-flow nasal cannulae (upwards of 15L/min), has been postulated to decrease time to desaturation.  In ideal circumstances, where arterial carbon dioxide concentration can be controlled, the application of NPO2 can delay desaturation for up to 100 minutes.15 In the FELLOW trial of 2015 it was shown that apnoeic oxygenation had no statistical benefit. However, patients requiring urgent intubation were excluded as there was not enough time to randomise them; and patients were not excluded even if they were not truly apnoeic before intubation – as was seen in patients undergoing BVM or NIV prior to intubation. This seems then to skew the data as patients that would benefit from apnoeic oxygenation were excluded.16 Practically speaking, NPO2 produces 24-36% FiO2 at tolerable flow-rates; this makes it unsuitable for pre-oxygenation. However, combined with other modalities for oxygen delivery, it may aid in pre-oxygenation – especially where poor mask seals are a problem, with the possible benefit of apnoeic oxygenation. 

When using any of these modalities the duration required for effective de-nitrogenation has traditionally been stated as 3-5 minutes of tidal volume breathing with 100% oxygen at 5L/min.17 Alternative data have shown that co-operative patients can take 8 vital capacity breaths over 60 seconds with 10L/min 100% oxygen flow to obtain the same level of de-nitrogenation, and produce a slower desaturation.18 This however is difficult to apply in the ED where patients often cannot take a vital capacity breath. Another small study by Mort et al in 2009 may be more applicable to the ED: where increasing the pre-oxygenation time from 4 to 8 minutes showed a slightly better PaO2 before intubation.19

While there are multiple studies, reviews, and registries regarding airway management that demonstrate the trends around the world there is limited data representing South Africa. This study will review the data collected in the HJH airway registry. Indications for intubation will be analysed and described, as well as the common disease processes necessitating airway intervention. The study will establish the frequency of successful airway management based on the operator’s level of experience and number of attempts. The relationship between direct and video laryngoscopy will be examined, as well as the effect thereof on the success of airway management. Lastly, the frequency of desaturation during airway management will be discussed, relative to the different methods of pre-oxygenation used. 

The data collected during this study will provide a baseline for comparison with worldwide trends. Additionally, the comparison of pre-oxygenation methods, as well as DL versus VL, may lead to the change of some common practices. With these insights we hope to improve the outcomes of our patients as we better understand the intricacies of airway management in our setting.

AIMS AND OBJECTIVES

Aim:
To conduct a retrospective analysis of the data from the HJH airway registry, for the period of August 2015 to October 2016.

Objectives:

1. To describe in the population of patients that required airway interventions: age, sex, and common disease processes; as well as the most frequent indications for intubation. 

2. To establish the number of attempts before successful definitive airway placement per operator level.

3. To describe the first-pass success rates of DL versus VL.

4. To establish the frequency of desaturation using different methods of pre-oxygenation. 

5. To compare pre- and post-intubation vital signs, and the factors that may affect them.

METHODS

Design:

This study is a retrospective database analysis.

Site of study:

The HJH ED, a tertiary care academic hospital. The average annual census is approximately 60 000 patients, with a predominance of medical patients in the range of 60 – 70%. Paediatric, and obstetrics and gynaecology patients are mainly seen by the dedicated ‘Mother and child’ hospital nearby, but occasionally such patients are treated by the staff at HJH ED. The department is staffed by full-time emergency physicians and is part of a 4-year EM registrar training program.

Study Population:

All patients who required definitive airway management at HJH ED for the period August 2015 to October 2016. 

Sampling:

All consecutive patients that had a definitive airway procedure during the period of August 2015 to October 2016. Based on HJH ED statistics, approximately 350 patients will be included within the time frame selected. Patients who are re-intubated for any reason will be included. 

Exclusion criteria:

1. Patients under 18 years of age

2. Obstetrics patients

3. Incomplete data for any of the critical fields, including operator level, method of laryngoscopy, and indication for intubation. It is not logistically possible to track the patient’s original file in order to complete individual records that are missing details; but the record will not be discarded completely as the completed data fields will be used where applicable. 

4. Patients intubated out of hospital/pre-hospital and transferred in to HJH ED.

5. Use of supraglottic airway devices as planned primary airway device.

INSTRUMENTS AND DATA-COLLECTION

Airway registry: 

The REDCap online database system (Vanderbilt University) is a free, secure application for building and maintaining online surveys and databases. 

After an airway procedure is completed in the ED, the patient’s data is inserted into the HJH ED airway registry. The registry is completed online by the doctor that performed the airway manoeuvre (‘the intubator’), as a part of the standard post-intubation care. Information collected includes: demographic data, indication for airway management, method of pre-oxygenation, method of intubation and number of attempts, drugs used, and any adverse events encountered. Vital data are recorded from the patient monitors, an arterial blood gas is performed 30 minutes post-intubation, and the registry-entry is printed for patient-records. 

Variables for analysis: 

· Demographic data: Sex, age, estimated and ideal body weight

· Intubator level

· Intern

· Medical officer

· Registrar

· Other: Consultant, paramedic, medical student, nurse

· Indication for definitive airway procedure

· Open and maintain airway

· Correct gaseous exchange/ventilation

· Protect the airway

· Predicted clinical deterioration

· Disease process necessitating airway management. 

· Vital data: Blood pressure (BP), heart rate (HR), oxygen saturation, end-tidal CO2 level

· A significant change in HR will be defined by an increase above 100 BPM or a decrease below 40 BPM, or 20% change from baseline. 

· A significant change in BP will be defined by a systolic BP below 90mmHg or a MAP below 60mmHg, or a change from baseline of more than 20%. 

· Hypoxia will be defined as an oxygen saturation less than 90%.

· Method of pre-oxygenation and duration

· Preload volume given, time of intubation, drugs used (paralytic, sedative, premedication)

· Method of visualisation of vocal chords (DL versus VL) and grade of C-L views

· Success of airway procedure and number of attempts/operators 

· Complications encountered, including oesophageal intubation, main-stem bronchial intubation, aspiration or regurgitation, laryngospasm, or performing a surgical airway

PROBLEMS/BIASES/LIMITATIONS

· Only objective data is utilised, but a potential limitation exists if operators completing the database are inaccurate in their recordings, or fabricate values for any reason. We rely on individual integrity to ensure accurate measurements.

· Selection bias exists in the patient population of HJH ED, i.e. Few paediatric or obstetric patients.

· Selection bias may also exist where a non-consecutive sample was used if operators did not complete the database. (A discrepancy exists between the number of patients entered in the registry and the number of patients logged according the HJH ED statistics collection.)

· The Airway registry relies on internet connectivity for completion, so there may be technical issues if the ED Wifi is not functioning.

· Pre-existing medical or surgical conditions may exacerbate or complicate the process of airway management, giving a false impression of deterioration during or after airway manoeuvres. 

ETHICS

Anonymity is maintained as no patient names are used in this retrospective study. Permission to use the data has been obtained from Dr LN Goldstein (HOD of HJH ED), and will be obtained from HJH CEO Dr Raymond Billa after further clearance has been obtained from Human Research Ethics Committee of the University of the Witwatersrand.

After ethics and hospital approval, an electronic record in the form of a spreadsheet will be generated from the HJH ED airway registry for use in data analysis.  The spreadsheet will be viewed and analysed in Microsoft Excel (as part of Office 365 suite for Mac), and kept on a password-protected computer. 

DATA ANALYSIS

1. Simple descriptive statistical methods will be used to describe the age, sex, and common diseases in this population; as well as the most frequent indications for intubation. The data will be represented in percentages of the total study cohort.

2. The frequency of success with the primary device in first, second, and third-pass attempts, in each category of ‘Intern’, ‘Medical officer’, ’Registrar’, and ‘Other’ (including consultants, nurses, students, and paramedics), will be shown using simple descriptive statistical methods. 

3. The efficacy of visualisation as seen by C-L grading in DL versus VL, as well as the first-pass success rate of the primary device (as defined by ‘successful intubation’), will be represented with simple descriptive statistical methods as percentages of success of the total cohort. 

4. The frequency of desaturation associated with different methods of pre-oxygenation will be represented with simple descriptive statistics, as a percentage of the total number patients that desaturated.

5. The vital signs for each patient will be represented using simple descriptive statistical methods. This will be compared to preload volume (ml/kg), drugs used, time of intubation, and number of attempts at intubation. 

TIMING

	Protocol will be submitted to Post-graduate committee (DRAG)
	November 2016

	Ethics approval submission
	November 2016

	Data collection
	December 2016

	Final submission ready for publication 
	May 2017


FUNDING

Data analysis – R3000

Stationery and printing – R500

Total cost to the researcher – R3500

The initial cost will be borne by the researcher
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