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Aims:  To  investigate  the  feasibility  of  delivering  titrated  oxygen  therapy  to  adults  with  return  of  sponta-
neous  circulation  (ROSC)  following  out-of-hospital  cardiac  arrest  (OHCA)  caused  by ventricular  fibrillation
(VF) or  ventricular  tachycardia  (VT).
Methods:  We used  a multicentre,  randomised,  single  blind,  parallel  groups  design  to  compare  titrated
and  standard  oxygen  therapy  in adults  resuscitated  from  VF/VT  OHCA.  The  intervention  commenced  in
the community  following  ROSC  and  was  maintained  in the  emergency  department  and  the  Intensive
Care  Unit.  The  primary  end  point  was  the  median  oxygen  saturation  by pulse  oximetry  (SpO2) in the
pre-hospital  period.
Results: 159  OHCA  patients  were  screened  and  18  were  randomised.  17  participants  were  analysed:
nine  in the  standard  care  group  and  eight  in the titrated  oxygen  group.  In  the  pre-hospital  period,  SpO2

measurements  were  lower  in  the  titrated  oxygen  therapy  group  than  the  standard  care  group  (difference
in  medians  11.3%;  95%  CI 1.0–20.5%).  Low  measured  oxygen  saturation  (SpO2 <  88%)  occurred  in  7/8  of
patients  in  the titrated  oxygen  group  and  3/9 of  patients  in  the  standard  care  group  (P = 0.05).  Following
hospital  admission,  good  separation  of oxygen  exposure  between  the  groups  was  achieved  without  a

significant  increase  in  hypoxia  events.  The  trial  was  terminated  because  accumulated  data  led the  Data
Safety  Monitoring  Board  and  Management  Committee  to  conclude  that  safe  delivery  of  titrated  oxygen
therapy  in  the  pre-hospital  period  was  not  feasible.
Conclusions:  Titration  of  oxygen  in the  pre-hospital  period  following  OHCA  was  not  feasible;  it  may  be
feasible  to  titrate oxygen  safely  after  arrival  in hospital.

� A Spanish translated version of the summary of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2014.09.011.
∗ Corresponding author at: Intensive Care Unit, Wellington Regional Hospital,
apital and Coast District Health Board, Private Bag 7902, Wellington, New Zealand.

E-mail address: paul.young@ccdhb.org.nz (P. Young).
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1. Introduction
Despite oxygen being a ubiquitous therapy in patients resus-
citated from out-of-hospital cardiac arrest (OHCA), there is little
high quality evidence to guide clinicians about how best to use oxy-
gen in this patient group. With the exception of one pilot trial,1 no
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revious prospective study of different oxygen regimens following
esuscitation from OHCA has been performed. There is a sound sci-
ntific basis supporting the hypothesis that avoidance of hyperoxia
fter resuscitation from OHCA might reduce neurological injury.2

n the other hand, although exposure to hyperoxia appears to be
ssociated with increased in-hospital mortality in observational
tudies,3–5 significant heterogeneity in the results of the existing
tudies means that there is uncertainty about this association.6

urthermore, even if the association proved to be robust, it is pos-
ible that arterial hyperoxia is a marker of illness severity rather
han a determinant of outcome.7 For example, the presence of poor
eripheral perfusion could potentially lead clinicians to increase
he inspired oxygen concentration (FiO2) on the basis of spuri-
usly low peripheral pulse oximetry (SpO2) recordings. Moreover,
ven if hyperoxia were truly harmful, any attempt to reduce oxy-
en exposure in post-resuscitation management may  carry with
t the potential risk of exposing patients to hypoxia which is also
onsistently associated with increased mortality risk.4,7

As a result of the current uncertainty, a high quality prospec-
ive trial evaluating the effect of titrated oxygen therapy on patient
utcomes after OHCA is a research priority.8 With the eventual
bjective of conducting such a trial, we undertook a feasibility study
o evaluate whether or not an individualised oxygen titration regi-

en  designed to limit exposure to hyperoxia in patients with return
f spontaneous circulation (ROSC) after OHCA led to an effective
eduction in oxygen exposure compared to standard care without
xposing patients to a greater incidence and severity of hypoxia.

. Methods

.1. Trial design and setting

We  performed a prospective, multi-centre, single-blind,
arallel-groups, feasibility and safety randomised controlled trial
RCT) comparing titrated oxygen administration to standard care
ith high concentration oxygen in adults resuscitated from OHCA.

his trial was conducted in New Zealand. We  intended to enrol
atients in Auckland, Christchurch, the Hutt Valley, and Wellington.
owever, at the time the trial was terminated, site initiation had
ot been completed in Auckland or Christchurch and, as a result,
o participants enrolled were from these centres.

.2. Participants

Patients who were ventilated via a laryngeal mask airway or
ndotracheal tube were potentially eligible for study inclusion if
hey had an estimated age of 16–90 years and had ROSC following
n OHCA due to a suspected primary cardiac cause with an initial
hythm of VF or VT. Patients were excluded if they were obviously
regnant, living in supported care or a nursing home, were known
o have a terminal disease, or if more than 20 min  had elapsed since
OSC.

.3. Randomisation

Eligible patients were randomly assigned to either ‘titrated oxy-
en’ or ‘standard care’ in a 1:1 ratio. Randomisation was achieved
y sequential numbered sealed envelopes prepared by a third party
ho received a randomisation schedule generated by a statistician.

here was block randomisation with a block size of six, stratified
y Intensive Care Unit (ICU) randomisation centre. For participants

n Wellington and the Hutt Valley, randomisation was  performed

y the attending paramedic who phoned a charge nurse at the
ellington ICU randomisation centre. The ICU charge nurse then

pened the next opaque envelope in the numerical sequence and
rovided the treatment allocation to the paramedic. Where the ‘first
 85 (2014) 1686–1691 1687

responder’ to the cardiac arrest was  the Fire Service,9 paramedics
were still able to randomise patients provided that randomisation
could be achieved within 20 min  of ROSC.

2.4. Interventions

In patients assigned to titrated oxygen therapy, the prescribed
goal was to achieve an SpO2 of 90–94%. In the pre-hospital period
patients were ventilated using a self-inflating resuscitation bag
and titration of oxygen delivery was achieved by adjusting the
flow of oxygen.10 Once patients arrived in hospital, the FiO2 on
the ventilator was  adjusted as required. In the event that, in the
judgement of the attending paramedic, reliable pulse oximetry
recordings were not possible in the pre-hospital period, the pro-
tocol initially specified that oxygen should be delivered at 1 litre
per minute which corresponds to an FiO2 of approximately 0.40.10

After enrolment of six patients, the study protocol was amended
because of a reported adverse event where a patient assigned to the
titrated oxygen group had an unrecognised tension pneumothorax
in the pre-hospital period and reliable pulse oximetry recordings
could not be obtained. After this amendment, to avoid any risk of
severe undetected hypoxia, if pulse oximetry could not be estab-
lished or stopped working in the pre-hospital period, paramedics
were instructed to give the highest FiO2 possible until such time
as working pulse oximetry could be established. Throughout the
study, once patients arrived in the hospital, oxygen was titrated
according to arterial blood gases if pulse oximetry was  believed
to be unreliable. In these circumstances, the oxygen delivery was
titrated to the arterial oxygen saturation (SaO2) rather than the par-
tial pressure of oxygen (PaO2). We  chose a target SpO2 of 90–94%
in the titrated oxygen group in order to achieve the greatest sepa-
ration in SpO2 levels possible compared to standard care without
exposing patients to significant hypoxaemia.

In the pre-hospital period, patients assigned to standard care
received oxygen delivered into the self-inflating bag at the highest
flow possible. In the emergency department and the ICU the treat-
ing clinician determined the oxygen target for the standard care
group but a target SpO2 > 95% was  suggested.

If a patient had a further cardiac arrest after initial ROSC,
high concentration oxygen was  administered irrespective of which
group the patient was assigned to. In these circumstances, if the
patient was successfully resuscitated, oxygen was again adminis-
tered according to the treatment strategy to which the patient had
been assigned.

The duration of study treatment was from the time of randomi-
sation until 72 h later or until extubation (whichever was sooner).
Patients were blinded as to the treatment allocation; however, due
to the nature of the intervention, blinding of investigators was not
possible. Apart from the randomised oxygen interventions, patients
received standard post resuscitation care which routinely included
therapeutic hypothermia.

2.5. Outcomes

The primary end point was  the median SpO2 in the pre-hospital
period. Pre-hospital SpO2 data (maximum one value per minute)
were those recorded along with other variables for clinical pur-
poses.

Secondary end points included a range of assessments of oxygen
exposure in the emergency department and the ICU. These were the
SpO2 on arrival and every 30 min  thereafter while in the emergency

department, the SpO2 and PaO2 recorded every 6 h up until extu-
bation or 72 h in the ICU, and the number of patients with hypoxia
episodes (SpO2 < 88%) in the ICU. In addition to the oxygenation-
related study end points, we  measured the arterial partial pressure
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Table 1
Demographics and arrest characteristics by treatment arm.

Standard
oxygen (n = 9)

Titrated
oxygen (n = 8)

Demographics
Age (years; mean(SD)) 61.4 (20.8) 71.6 (10.7)
Male gender (n/N; %) 9/9; 100 7/8; 87.5
Ethnicity (n/N; %)

NZ European 6/9; 67 4/8; 50
Maori 3/9; 33 2/8; 25
Pacific Islander 0/9; 0 1/8; 12.5
Other 0/9; 0 2/8; 25

Arrest characteristics
Witnessed Arrest (n/N; %) 6/9; 67 6/8; 75
Bystander CPR (n/N; %) 7/9; 78 6/8; 75
Ambulance call to
defibrillation time (mins;
mean(SD))

12.6 (4.5) 9.9 (3.8)

Ambulance arrival to ROSC
time

21.0 (14.1) 19.1 (12.6)

Ambulance call to ROSC time 30.8 (16.3) 28.6 (12.2)
Adrenaline (epinephrine)
doses (mean (SD))

2.3 (1.8) 2.3 (1.8)
688 P. Young et al. / Resusci

f carbon dioxide (PaCO2) every 6 h in the ICU up until extuba-
ion or 72 h (whichever was first). The purpose of determining the
aCO2 was to determine whether or not titrated oxygen therapy
ad confounding effects on PaCO2 levels.

Tertiary end points designed to aid in assessment of the fea-
ibility of our study design and to aid in planning for a future
tudy were the recruitment rate (based on the number of patients
ecruited into the study as a proportion of the total number of eli-
ible patients), the proportion of patients with sufficiently good
eurological function to be discharged home or to a rehabilitation

acility, the ICU and hospital length of stay, and quality of life at six
onths assessing using the EQ5D.
Because the study was stopped early because of concern about

he feasibility of safely titrating oxygen in the pre-hospital period,
he proportion of patients with hypoxia (SpO2 < 88%) at any time
uring the pre-hospital period was added as a post hoc end
oint.

.6. Data collection

Study data were collected by trained ICU research co-ordinators
sing ambulance and medical records. Demographic and baseline
ata were collected in line with the Utstein definitions for reporting
f out of hospital cardiac arrest.11 All eligibility and outcome data
ere source verified by a study monitor from the co-ordinating

entre.

.7. Sample size calculations and statistical methods

Our planned sample size was 42 patients; however, our study
as terminated early after the recruitment of 18 patients after con-

ultation between the Data Safety Monitoring Board and Study
anagement Committee. Our original sample size calculations
ere based on data obtained from a previous trial investigating the
se of therapeutic hypothermia after resuscitation from commu-
ity cardiac arrest which demonstrated that the mean ± SD SpO2 on
ospital arrival in the study population was 97.3 ± 3.7%.12 Assum-

ng a constant standard deviation and using a two-sided test, a
ample size of 42 patients is sufficient to detect a decrease in
ean SpO2 at this time to 94% at 80% power, and an alpha of

.05.
Descriptive data are presented as mean (SD) or median [IQR] as

ppropriate. The Mann–Whitney test was used to compare median
xygen and carbon dioxide levels over time by treatment group pre-
ented as Hodges-Lehman differences in median (standard minus
itrated oxygen) with 95% confidence intervals. A P value of <0.05
as used to determine statistical significance. For this feasibility

tudy no adjustment was made for multiple comparisons. SAS ver-
ion 9.3 was used for all analyses.

.8. Trial registration and ethics approval

This study was prospectively registered on the Australian New
ealand Clinical Trials Registry (ANZCTRN12612001054808).

he full study protocol can be obtained online at http://
ellingtonicu.com/Data/Trials/HOTorNOT%20protocol%20v2.doc.

thics approval was granted by the Northern A Health and Dis-
bility Ethics Committee (12/NTA/13). Assent for ongoing study
articipation was sought from relatives after patients arrived

n the ICU when this was  appropriate and delayed consent for
ngoing study participation was obtained from participants where
ossible.
Number of defibrillations
(mean (SD))

5.8 (5.3) 4.3 (2.8)

3. Results

3.1. Participants

Between 13/10/2012 and 21/09/2013 159 cardiac arrests were
screened and 18 participants were randomised (Fig. 1). One non-
eligible patient was  randomised but received no study treatment
and was  not included in the analyses. Data for the primary end
point were available for the other 17 participants. The trial was
terminated early because ongoing review of accumulated data led
the Data Safety Monitoring Board and the study management com-
mittee to conclude that safe delivery of titrated oxygen therapy in
the pre-hospital period was  not feasible. This review of data was
not part of a planned interim analysis.

3.2. Baseline data and co-interventions

Baseline demographic data and clinical characteristics of the
study participants assigned to titrated oxygen therapy and standard
care were similar (Table 1). Therapeutic hypothermia was  used in
all study participants except for one participant in the standard
care group. Two  of the study participants (both assigned to the
titrated oxygen group) had a coronary angiogram performed prior
to or during their ICU admission. Both of these patients had angio-
plasties and were also treated with intra-aortic balloon pumps. 2/9
and 2/8 of participants in the standard care and titrated oxygen
groups respectively required inotropes or vasopressors in ICU. Pre-
hospital and emergency department oxygen data were available
for all participants. ICU data were available for all 16 participants
who survived until ICU admission. The number of pre-hospital
and emergency department SpO2 recordings, in particular, varied
between participants due to missing data and variability in the
amount of time spent in each location (supplementary appendix).

3.3. Outcome data

Measured SpO2 levels were lower in the titrated oxygen group
than the standard care group throughout the study (Table 1). In

the pre-hospital period SpO2 levels were significantly lower in the
titrated oxygen therapy group than the standard care group (dif-
ference in medians 11.3%; 95% CI 1.0–20.5%). 7/8 of patients in
the titrated oxygen group and 3/9 of patients in the standard care

http://wellingtonicu.com/Data/Trials/HOTorNOT protocol v2.doc
http://wellingtonicu.com/Data/Trials/HOTorNOT protocol v2.doc
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Fig. 1. Pa

roup had at least one documented SpO2 measurement <88% in the
re-hospital period (P = 0.05). In both groups, in a number of indi-
idual patients, a very wide range of SpO2 recordings were obtained
Fig. 2).

At the time of hospital arrival the difference in median SpO2
etween the treatment groups was 9.5%; 95% CI 4.0–15.0%. This
ifference persisted at 30 min  after admission (difference in
edian saturation recordings 7.0%; 95% CI 2.0–16.0%). Statistical
omparisons were not undertaken beyond the 30 min  time point
n the emergency department because the number of available
ecordings was too small. However, SpO2 measurements were
enerally lower in the titrated oxygen therapy group.

ig. 2. Pre-hospital oxygen saturation recordings*.
oined line plots of oxygen saturation by participant with LOESS scatter plot
moother (smoothing parameter 0.7) as the heavy dotted lines. Red is Standard
nd Blue is Titrated oxygen.

 Oxygen saturation (SpO2) data in the pre-hospital period were obtained from the
ifepak® defibrillator and could potentially be recorded minutely; however, they
ere only recorded when the vital signs were logged on the defibrillator by the
aramedic as part of routine clinical care.
ant flow.

In the ICU, there was  good separation of oxygen expo-
sure achieved between the titrated oxygen therapy group
and the standard care group. In general, the SpO2 val-
ues obtained were within the target ranges (Fig. 3). Three
patients in the titrated oxygen therapy group had a docu-
mented SpO2 in the ICU of <88% compared to no patients
in the standard care group (P = 0.08). The PaO2 and PaCO2
measurements obtained from all patients in the ICU are
demonstrated graphically in Fig. 4 with estimates of differ-
ences in oxygenation and carbon dioxide parameters shown in

Table 2.

Data related to the tertiary end points are presented in the sup-
plementary appendix.

O
xy

ge
n 

Sa
tu

ra
tio

n 
(%

)

Hours
0 10 20 30 40 50 60 70 80

Fig. 3. ICU oxygen saturation recordings.
Joined line plots of oxygen saturation (SpO2) by participant with LOESS scatter plot
smoother (smoothing parameter 0.5) as the heavy dotted lines. Red is Standard and
Blue is Titrated oxygen. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web  version of this article.)
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Table 2
Oxygen and carbon dioxide levels by treatment arm.

Comparison Standard oxygen (median; [IQR]) Titrated oxygen (median; [IQR]) Hodges–Lehmann estimate (95% CI) P value

Prehospital oxygen saturations (%)
All recordings 95.8 [92.3–96.5] 79.5 [75.8–90.3] 11.3 (1–20.5) 0.046
ED  oxygen saturations
0 h 98 [93.5–99.5] 85 [84–90] 9.5 (4–15) 0.013
30  min  98 [96–100] 91 [88–93] 7 (2–16) 0.028
60  min  98 [95–100] 93 [76–94] N/A N/A
90  min  100 [99–100] 96.5 [93–100] N/A N/A

Oxygen saturations by pulse oximetry in ICU (%)
0 h 99 [95–100] 96 [91–97] 3 (−1 to 9) 0.18
6  h 100 [100–100] 96 [89–99] 3.5 (1–11) 0.02
12  h 100 [100–100] 97 [97–97] 3 (2–4) 0.009
18  h 100 [97–100] 96 [93–99] 2 (−1 to 7) 0.25
24  h 99 [97–100] 94 [93–97] 5 (0–7) 0.073

Oxygen saturations by ABG in ICU (%)
0  h 97 [97–99] 92 [88–94] 5 (0–9) 0.075
6  h 99 [99–99] 95 [95–96] 4 (2–5) 0.006
12  h 99 [98–99] 96.5 [96–97] 2 (1–3) 0.017
18  h 98 [96.5–99] 95.5 [95–97] 2 (−1 to 4) 0.21
24  h 97 [94–99] 96 [95–98] 0 (−3 to 3) 0.94

PaO2 (ICU)
0 h 107 [91–120] 73 [64–75] 34 (−5 to 231) 0.11
6  h 106.5 [97.5–117.5] 72 [70–74] 31.5 (23–48) 0.007
12  h 99 [93.5–108] 84 [77–86] 20 (8–44) 0.01
18  h 103.5 [90.5–115] 76.5 [72–79] 26 (−7 to 49) 0.10
24  h 75[69–101] 80.5 [65–83] 2 (−22 to 25) 0.94

PaCO2 in ICU (mmHg)
0 h 43.4 [41–45] 46 [43–49.2] 2.3 (−9 to 5.7) 0.47
6  h 37.6 [30.9–42.6] 35.7 [32.3–38.9] 0.2 (−7 to 7) 0.99
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12  h 35.4 [32.4–36.8] 36.0 [31.8
18  h 37.5 [33.2–38.8] 39.4 [35.6
24  h 33.3 [30.7–37.2] 34.8 [30.2

. Discussion

.1. Summary of principal findings

We  conducted a multicentre feasibility study comparing titrated
xygen therapy to standard oxygen therapy in patients resuscitated
rom OHCA in New Zealand. The study was stopped early because
reliminary data strongly suggested that our approach to delivering
itrated oxygen therapy in the pre-hospital setting was not feasi-
le. While targeting an SpO2 of 90–94% achieved significantly lower
pO2 measurements than standard care in the pre-hospital period,
pO2 recordings varied widely, potentially indicating unreliable
ecordings and/or an increased risk of being exposed to hypox-
emia. In the emergency department and the ICU SpO2 levels were
enerally lower in the titrated oxygen therapy group and titrated
xygen therapy was not associated with a significant increase in
xposure to hypoxaemia.

.2. Relationship to previous studies

Our results contrast with those of the only previous study com-
aring a lower FiO2 with a higher FiO2 strategy after OHCA.1 In this
revious study patients were randomly assigned to receive an FiO2
f 0.30 or 1.0 after ROSC. A lower safety limit of SpO2 of 95% was set
nd the FiO2 was increased in steps of 0.10 if the SpO2 remained
95% for 5 min. The study included arterial blood gas recordings
aken at 10 and 60 min  after ROSC using a portable blood gas anal-
ser. While 5/9 patients assigned to the low FiO2 group required an
ncrease in FiO2, there were no reported episodes of hypoxaemia.
he mean PaO2 10 min  after ROSC in the low FiO2 group in this pre-
ious study was relatively high (158 ± 111.75 mmHg). We  designed
ur protocol to allow titration of oxygen delivery on an indivi-

ualised basis in order to avoid the exposure to hyperoxia, which
ccurred in the previous study. However, our protocol required
ontinuous titration of oxygen delivery against SpO2 which proved
ot to be practical in the pre-hospital setting.
] −1.3 (−9.8 to 5.4) 0.75
−2.2 (−8.6 to 5.3) 0.42

] 0.45 (−5.9 to 8.9) 0.83

Once patients arrive in hospital, titration of oxygen appeared
to be potentially feasible. There are no previous studies evaluating
titration of oxygen therapy in the emergency department setting
after OHCA and the small number of data points available from the
emergency department phase of care in our study makes it impossi-
ble to draw conclusions about our approach. However, our findings
in relation to the ICU phase of care are consistent with a previous
study conducted in a general ICU population, which demonstrated
that aiming for an SpO2 of 90–92% appeared to be safe and did not
increase hypoxaemia episodes.13 Although the three participants
with documented SpO2 <88% in the ICU were in the titrated therapy
arm, our sample size was  small, and this did not represent a statisti-
cally significant increased risk of hypoxaemia. Recent data suggest
that carbon dioxide management may  affect outcomes in patients
resuscitated from cardiac arrest.14 Our findings suggest that titra-
tion of oxygen does not have significant confounding effects on
PaCO2 levels.

4.3. Clinical implications

Our study findings suggest that titration of oxygen therapy may
potentially expose patients to inadvertent hypoxaemia and that, in
the pre-hospital period continuous oxygen titration against SpO2
measurements is not feasible. Although our preliminary data sug-
gest that titration of oxygen therapy after arriving in hospital may
not expose OHCA patients to a significantly increased risk of hypox-
aemia, our findings need to be confirmed in a larger study before
a phase III trial to establish the effect of titrated oxygen therapy in
hospital on patient-centred outcomes is undertaken.

4.4. Strengths and weaknesses
Our study has several strengths. We  evaluated a pragmatic
oxygen intervention maintained through the pre-hospital, emer-
gency department, and ICU phases of care. We  utilised standard
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Fig. 4. Arterial partial pressure of oxygen and carbon dioxide in the ICU.
Joined line plots of PaO2 and PaCO2 by participant with LOESS scatter plot smoother
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quipment available in any modern healthcare system, meaning
hat our intervention, if feasible, would have been generalisable.

Our findings are subject to some limitations. Most importantly,
ur study was stopped early when only 18 patients out of a planned
2 patients had been enrolled. Stopping the study early increases
he risk of bias and, thus, the strength of the associations demon-
trated between the intervention and outcomes in our study may
verestimate the true effect of the intervention on oxygen expo-
ure. However, the primary factor which demonstrated that our
ntervention was not feasible in the pre-hospital period was wide
ange of SpO2 recordings seen in individual patients. It is likely that
ome SpO2 recordings were spurious due to saturation probe mal-
ositioning or to a poor saturation trace for other reasons. Even if
his is the case, our findings still highlight that continuous titration
f oxygen delivery against SpO2 in the pre-hospital setting is not
easible.

. Conclusions

Titration of oxygen delivery to SpO2 following resuscitation
rom OHCA was not feasible in the pre-hospital setting. However,

ur preliminary data suggest that it may  be possible to titrate oxy-
en after arrival in hospital. The safety and efficacy of any strategy
o reduce oxygen exposure in hospital in OHCA patients should be
urther evaluated through prospective trials.
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