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Abstract

A ventilation timing light (VTL) is a small commercially available single-use device that is programmed to light up at six-second intervals prompting
rescuers to provide a single controlled breath during manual ventilation. The device also indicates the duration of the breath by remaining illuminated
for the duration of the inspiratory time. The aim of this study was to evaluate the impact of the VTL on a selection of CPR quality metrics.
Methods: A total of 71 paramedic students who were already proficient in performing high-performance CPR (HPCPR) were required to perform
HPCPR with and without a VTL. The quality of the HPCPR delivered, reflected by the selected quality metrics; chest compression fraction (CCF),
chest compression rate (CCR), and ventilation rate (VR), was then evaluated.

Results: While HPCPR with and without a VTL were both able to achieve guideline-based performance targets of CCF, CCR, and VR, the group
who had used the VTL to deliver HPCPR were able to consistently provide 10 ventilations for every minute of asynchronous compressions (10

breath/min vs 8.7 breath/min p < 0.001).

Conclusion: The use of a VTL allows for a VR target of 10 ventilations per minute to be consistently achieved without compromising guideline-
based compression fraction targets (>80%), and chest compression rates when used during the delivery of HPCPR in a simulated OHCA event.
Keywords: Ventilation timing light, OHCA, HPCPR, CPR quality, EMS, Paramedic, Ventilation

Introduction and background

The crude incidence of out-of-hospital cardiac arrest (OHCA) in New
Zealand (NZ) is 103.2 per 100,000 people per year.' Averaging at
just over 4000 per year, (only 15%) just under two in ten will survive.?
While these figures are comparable with countries with similar health
systems.® ™ strategies to improve cardiac arrest outcomes within the
country are still constantly sought, particularly as OHCA in NZ
appears to disproportionally affect individuals in the country who
are already at risk of poor health status.®

Enhancing the quality of resuscitation that is delivered by the
country’s emergency medical services (EMS) to OHCA patients
appears to be the cornerstone of attempts to improve survival out-
comes in the country.® The country’s EMS responds to just under
50% of all OHCAs and delivers CPR through a highly chore-
ographed, high-performance CPR (HPCPR) model, likened to a
formula-one pit-crew response.®

* Corresponding author.
E-mail address: Benjamin.jones@aut.ac.nz (B. Jones).
https://doi.org/10.1016/j.resplu.2023.100404

High-Performance CPR (HPCPR)
HPCPR is very similar to traditional CPR but places more emphasis
on maximizing the amount of hands-on chest compression time dur-
ing a cardiac arrest. It does this by streamlining resuscitative strate-
gies through a simplified, efficient, and choreographed approach that
in turn results in rescuers instinctively knowing where to go and what
to do during an OHCA.” In comparison, traditional CPR focuses on
defining roles and ensuring proficiency in delivering technical and
non-technical skills to aid in the organisation of a chaotic scene.
HPCPR also accomplishes this but emphasises the focus on early
and continued compressions, minimum interruptions, and ensuring
that defibrillation is provided expeditiously when indicated.>® The
success of the HPCPR approach is predictably dependent on contin-
uous high-quality training and the ongoing commitment to monitoring
performance, remediation, and retraining.”

While each country or EMS system may have its own localised
version of HPCPR, there is consensus around the five key compo-
nents of HPCPR and their respective quality performance targets.®
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These include minimising interruptions in chest compressions (i.e.,
CCF > 80%), providing compressions of adequate rate (i.e., 100—
120 pm) and depth (2-2.4 in), avoiding leaning on the chest between
compressions, and avoiding excessive ventilations. The American
Heart Association 2020 guideline recommend ventilating cardiac
arrest patients at a rate of 8 to 10breaths per minute prior to an
advanced airway (endotracheal tube/laryngeal mask airway).'
Despite this, it is reported that 80% of patients still receive ventilation
at higher rates and at higher volumes'" with hyperventilation having
a risk of causing sudden increases in intrathoracic pressures which
impair haemodynamics and lower the chances of survival.'? With
this, many devices were introduced into the market and one such
device is the ventilation timing light. The addition of the VTL, like with
other previously trialled CPR adjuncts, is consistent with strategies
that attempt to enhance the constant achievement of HPCPR quality
performance targets.'®

The ventilation timing light (VTL)

The adult VTL (‘O Two’, Ontario, Canada) used is a small commer-
cially available single-use electrical tool programmed to light up at
six-second intervals prompting rescuers to provide a single con-
trolled ventilation using a bag-valve-device (BVD). The VTL also indi-
cates the duration of the breath by remaining illuminated for the
duration of the inspiratory time. In theory, the inclusion of the VTL
during HPCPR would allow for 10 breaths, each given over a full sec-
ond, to be delivered while chest compressions are contemporane-
ously provided.

The VTL and its utility was the focus of this study, particularly
when used during HPCPR, as this is yet to be assessed, despite
its continued use. Consequently, the primary aim of the study was
to evaluate the impact of the VTL on CPR quality as reflected by;
ventilation rate (VR), chest compression rate (CCR), and chest com-
pression fraction (CCF). As a sub-aim, the study also examined
whether significant associations existed between participant charac-
teristics and their self-reported confidence levels in relation to being
able to perform HPCPR and their actual performance, as evaluated
in the study.

Methods

The study used a prospective, unblinded cross-over manikin-based
design, enrolling paramedic students completing their training at
the Auckland University of Technology in New Zealand. Participants
who had completed year one of the paramedicine degree program
were able to enrol in the study as this ensured proficiency in perform-
ing asynchronous HPCPR both with and without a VTL and were
able to provide BVD ventilations on a manikin with an advanced air-
way established.

Participants were randomly paired into double-rescuer teams and
then further divided into two randomised clusters where they either
started their first scenario in the No-VTL-HPCPR room or in the
VTL-HPCPR room. They were advised that as a double-rescuer
team, to perform HPCPR in two simulated OHCA scenarios, each
lasting eight minutes, with a ten-minute rest break between each
scenario. Depending on their randomly assigned cluster, they started
by either performing asynchronous double-rescuer HPCPR with a
VTL (VTL- HPCPR) or without one (No-VTL-HPCPR) before taking

the break and switching over to the alternate room. Approval for
the study was granted by the Auckland University of Technology
Ethics Committee (AUTEC 21/3), New Zealand.

Study protocol

Following consent, participants were advised that a diagnosis of car-
diac arrest had already been confirmed and that all the necessary
equipment for the HPCPR scenario were in place and no additional
equipment was required. No further instructions or information
regarding the interventions was provided to participants. Investiga-
tors in both the VTL-HPCPR and No-VTL-HPCPR rooms were
required to read from a pre-established script to ensure consistency
of instructions given to participants. Participants were asked not to
communicate with anyone before the scenario, during the rest per-
iod, and up until the study was completed.

Data collection

Both the VTL-HPCPR and No-VTL-HPCPR performances were
video-recorded to manually extract data at a later date. Lead
researchers (KG, SA and BJ) provided each researcher with a for-
mula and structure for data collection prior to review. Two team
researchers independently watched the recording for data match.
Any discrepancies were moderated for consistency by KG, SA or
BJ. This extraction process required investigators to watch each
recording, then calculate and confirm through consensus agreement
the exact value for CCR, CCF, and VR across individual perfor-
mances. CCR was calculated by manually counting every individual
chest compression that was performed over each two-minute rota-
tion and then averaging it out over the eight-minute event. Since par-
ticipants were not required to confirm the cardiac arrest, the event
started from the delivery of the first compression (start of the clock)
and stopped eight minutes later. CCF was calculated by subtracting
the sum of all periods where no compressions were performed from
the eight-minute event, while VR was calculated by manually count-
ing every ventilation given over each minute of the CPR cycle.

Statistical analysis

As shown by the Shapiro-Wilk results in Table 2, many of the results
were non-normally distributed. Where non-normality was severe,
non-parametric models were used to test for differences in results
and bootstrapping was used to determine confidence intervals. Wil-
coxon signed-rank tests were used to detect differences between
VTL-HPCPR and No-VTL-HPCPR performances. One-way ANOVA
and Kruskal-Wallis tests were used where appropriate for associa-
tions between participant characteristics as well as their self-
reported confidence levels in performing HPCPR and their actual
HPCPR performance.

For 68 participants, Monte Carlo simulation gives an 80% power
for the Wilcoxon signed-rank tests at a mean difference of 0.5 stan-
dard deviations for the normally distributed results, assuming ran-
dom pairing. For all characteristics except the frequency of prior
training received, most participants fell into two categories, leaving
the remaining groups sparsely populated. Characteristic values with
n < 5 were manually combined with their nearest neighbour resulting
in n > 11 for all groups. Monte Carlo simulation for this minimally bal-
anced grouping gives an 80% power for ANOVA with a mean differ-
ence of 0.95 standard deviations, assuming a normal distribution. A
p < 0.05 was considered statistically significant in all tests.
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Table 1 - Baseline characteristics of participants as raw and clustered totals.

Characteristic Clustered Value n
Gender Male 25
Female 43
Age 18-25 57
26-45 11
Experience < 1 year 31
1-5 years 37
ATP No 40
Yes 28
Level of Academic Study 1-2 years 23
> 2 years 45
Frequency of Training Received Never — Annually 20
Six-monthly 21
Monthly 15
Weekly 12
Confidence in using a BVD Very Confident 41
Somewhat confident - neutral 27
Confidence in achieving the CCR targets in CPR Very confident 43
Somewhat confident — unconfident 25
Confidence in achieving the VR targets in CPR Very confident 45
Somewhat confident — Neutral 23
Confidence in using a VTL connected to a BVD Very comfortable 48
Somewhat confident — unconfident 20
Confidence in performing asynchronous HPCPR Very confident 45
Somewhat confident — Very unconfident 23
Confidence in performing synchronous HPCPR Very Confident 45
Somewhat confident — Very unconfident 23

Note: ATP, Authority to Practice; BVD, Bag Valve Device; CCR, Chest Compression Ratio; VTL, Ventilation Timing Light; HPCPR, High-Performance

Cardiopulmonary Resuscitation; VR, Ventilation Rate.

Results

In total 68 participants met the inclusion criteria and were enrolled in
the study. As indicated in Table 1, females (43) and those aged
between 18-25 years (57) made up the largest proportion of partic-
ipants. While most participants did not have an authority to practice
(ATP) (40 vs. 28) which indicated that their only experience with per-

forming HPCPR was during training and supervised mentorships, a
notable majority indicated being very confident in performing HPCPR
and utilising all the required equipment.

The VTL had a small and nonsignificant impact on the CPR qual-
ity metrics; CCR and CCF. As shown in Table 2, the differences in
CCR and CCF between the No-VTL-HPCPR and VTL-HPCPR
groups were so small that its impact can be considered negligible

Table 2 - Comparison between VTL-HPCPR and No-VTL-HPCPR dependent variables.

Median Mean 95% ClI 95% CI SD Shapiro- Wilcoxon signed-
UPPER LOWER Wilk p rank p-value

Chest compressions per No-VTL- 110.3 109.9 108.6 111.3 55 0.1 0.9
minute HPCPR

VTL-HPCPR  109.5 110.1 108.6 111.6 6.2 0.07

Pairwise 0.2 -0.1 -13 1.0 49 0.8

difference
Ventilations delivered per No-VTL- 8.7 8.7 8.3 9.2 1.8 0.04 0.0000005
minute HPCPR

VTL-HPCPR 10.0 10.0 10.0 10.0 0.1 0.00

Pairwise -1.3 -13 17 -0.9 1.8 0.03

difference
Chest compression fraction No-VTL- 98.8 98.1 97.7* 98.6* 1.8 0.00 0.6
achieved (%) HPCPR

VTL-HPCPR  98.9 98.2 97.8* 98.6* 1.7 0.00

Pairwise 0.0 -01 -0.3* 0.2* 1.0 0.08

difference

Note VTL, Ventilation Timing Light; HPCPR, High-Performance Cardiopulmonary Resuscitation.

* Bootstrap Cl calculated due to non-normal data.
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(CCR 109.9 vs 110.1 and CCF 98.1 vs 98.2). However, the mean VR
achieved by the VTL-HPCPR group was significantly higher, and uni-
formly consistent compared to when the VTL was not used (10.0 vs
8.7p < 0.001) (Fig. 1).

In Table 3, predictors of the CCF, CCR, and VR achieved during
HPCPR are presented. As shown, the VR delivered in the No-VTL-
HPCPR group significantly correlated with gender (p = 0.04) and
experience (p = 0.02), while CCF in both the VTL-HPCPR and the
No-VTL-HPCPR groups significantly correlated with higher confi-
dence levels, possession of ATP, and being enrolled in year 2
(and above) when performing both synchronous and asynchronous
HPCPR.

Ventilation rates
for all participants

Chest compression rates
for all participants

Discussion

Despite not having been investigated before, the VTL has been
widely used within the New Zealand pre-hospital environment for
several years. Overall, our findings revealed that in this manikin-
based HPCPR study, the addition of a VTL to a HPCPR model
had an almost negligible impact on the CPR quality metrics CCF
and CCR and their respective guideline-based targets (i.e.,
CCF > 80% and CCR 100 — 120 per min). Whilst not particularly sur-
prising, having the data to support this suspicion is reassuring espe-
cially given the setting where the VTL is most likely to be utilised. In

Chest compression fractions
for all participants
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Fig. 1 - Differences in CCF, CCR, and VR during VTL-HPCPR and No-VTL-HPCPR.
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Table 3 - Associations between participant characteristics and CCF, CCR and VR.

No-VTL-CCR VTL-CCR No-VTL-VR No-VTL-CCF VTL-CCF
Model One-way One-way One-way Kruskal- Kruskal-

ANOVA ANOVA ANOVA Wallis Wallis
Characteristic n? p n? p n? p 2 P &2 p
Gender 0.00 0.6 0.00 0.6 0.06 0.05 0.00 0.7 0.00 0.6
Age 0.00 0.9 0.00 0.6 0.00 1 0.05 0.07 0.00 0.6
Experience 0.03 0.2 0.01 0.4 0.08 0.02 0.04 0.1 0.01 0.3
ATP 0.01 0.5 0.00 0.6 0.00 0.6 0.2 0.0008 0.1 0.002
Academic Level 0.02 0.2 0.02 0.3 0.02 0.2 0.3 0.00004 0.3 0.00002
Training Frequency 0.06 0.3 0.07 0.2 0.07 0.2 0.07 0.2 0.08 0.1
BVD Confidence 0.04 0.09 0.03 0.2 0.01 0.5 0.04 0.1 0.05 0.07
CCR Confidence 0.01 0.4 0.01 0.4 0.01 0.5 0.2  0.001 0.1 0.006
VTL Confidence 0.04 0.1 0.00 0.7 0.00 1 0.04 0.09 0.03 0.2
Confidence with asynchronous HPCPR 0.02 0.2 0.01 0.5 0.00 0.7 0.1 0.003 0.1 0.01
Confidence with synchronous HPCPR  0.01 0.4 0.01 0.5 0.01 0.4 0.1 0.004 0.09 0.01
Confidence with ventilation 0.07 0.03 0.01 0.5 0.00 1 0.1 0.008 0.07 0.03

Note: ATP, Authority to Practice; BVD, Bag Valve Device; CCR, Chest Compression Ratio; VTL, Ventilation Timing Light; HPCPR, High-Performance
Cardiopulmonary Resuscitation; VR, Ventilation Rate; CCF, Chest Compression Fraction.
p values indicate the significance of the association. n2 and &2 indicate the effect size.

contrast, the increase in VR guideline adherence found in the VTL-
HPCPR group was statistically significant. Although it does not
appear to be a large improvement, given that neither group provided
an excessive VR (i.e., > 12), improving consistency and adherence
to standards helps to validate the tool, potentially increasing its use
in the industry as VR is considered a CPR quality performance
metric."*

While at face value the improvements the VTL made may be
seen as minor, the design and setting of the study must be consid-
ered. To better isolate the effects of the VTL on CPR metrics, many
clinical and non-clinical confounders, typically found in a real cardiac
arrest were removed. For example, all resuscitation equipment was
provided and pre-attached, and there was no defibrillator on the
scene, so no charges, analyses, or shocks were required. Partici-
pants were instructed when to swap and were not required to inves-
tigate the cause of the arrest. Finally, there was no need to locate the
patient, carry equipment, consider scene safety, and manage poten-
tially upset or violent bystanders, therefore the psychological bur-
dens EMS face during a typical cardiac arrest were not present.
These additional factors can interfere with maintaining CPR quality
metrics and in a real-world setting we hypothesise the addition of a
VTL to a HPCPR model may play a bigger role in improving CCR,
CCF, and VR.">""® However, the VTL and its impact on CPR quality
metrics is yet to be studied in this setting despite its current use, so
no recommendations can be made.

Outside of the real-world setting, the VTL may also provide
value to the clinical education space. Delivering safe and guideline
specific ventilations to a patient is a delicate yet vital skill for all
novice medical professionals. It may also serve as a training tool
for experienced professionals to refresh their understanding of ven-
tilation guidelines. With this, the VTL may be used as an adjunct
that helps support clinician’s psychomotor skills when developing
a structured and accurate ventilation strategy. However, it must
be clearly understood that the VTL only truly guides the clinician
to a specified ventilation rate and not to a specific volume or ven-
tilation pressure. Though the light illuminates for a set period to
guide the length of ventilation, this cannot be relied upon to safe-

guard the patient from inappropriate tidal volumes being delivered
during ventilation.

Limitations

Many of the confounders that are usually associated with real-life
EMS-attended OHCAs were absent in this study. Therefore, it is
highly possible that HPCPR performance with or without a VTL in
a real-life OHCA may be worse than observed in this study. How-
ever, because the study was dependent on a high level of uniformity
across both rooms’, confounders such as poor lighting, noise,
fatigue-inducing activities, and bystander participation were
excluded. This was done because pilot studies demonstrated that
these factors not only impacted the consistency of the data collection
process but also the homogeneity of collected data.

The pilot study further revealed that while the manikin was cap-
able of automatically reporting CCR, VR, chest compression depth,
and chest compression recoil, this was only accurate during synchro-
nized CPR with pauses between compressions that allowed for
unimpeded ventilations, as permitted in a 30:2 algorithm. As our
study required asynchronous CPR to be performed, CCR, CCF,
and VR needed to be manually recorded. The manual nature of mea-
suring these variables unfortunately made measuring chest com-
pression depth and recoil impossible. Finally, due to the functional
limitations of the equipment used, the tidal volumes and ventilation
pressures of each ventilation were unable to be assessed, though
the measurement and analyses of these variables will be a future
research consideration.

Because of the nature of cross-over studies, there is potential for
unblinding when the effects of the intervention subsequently become
obvious to the participants. Here, following participation in the first
arm of the study, it was expected that participants might have had
a carryover effect which may have better prepared them for the
cross-over arm of the study. To mitigate this, a stand-down interval
between the study crossover provided a ‘washout’ period to minimise
any expected carryover effect.
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Conclusion

The study’s results indicate that a VTL used during the delivery of
HPCPR in a simulated OHCA event allows for a VR target of 10 ven-
tilations per minute to be consistently achieved with negligible impact
on CCF and CCR.
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