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IMPORTANCE Experimental evidence suggests that cyclosporine prevents postcardiac arrest
syndrome by attenuating the systemic ischemia reperfusion response.

OBJECTIVE To determine whether early administration of cyclosporine at the time of
resuscitation in patients with out-of-hospital cardiac arrest (OHCA) would prevent multiple
organ failure.

DESIGN, SETTING, AND PARTICIPANTS A multicenter, single-blind, randomized clinical trial was
conducted from June 22, 2010, to March 13, 2013 (Cyclosporine A in Out-of-Hospital Cardiac
Arrest Resuscitation [CYRUS]). Sixteen intensive care units in 7 university-affiliated hospitals
and 9 general hospitals in France participated. A total of 6758 patients who experienced
nonshockable OHCA (ie, asystole or pulseless electrical activity) were assessed for eligibility.
Analyses were performed according to the intention-to-treat analysis.

INTERVENTIONS Patients received an intravenous bolus injection of cyclosporine, 2.5 mg/kg,
at the onset of advanced cardiovascular life support (cyclosporine group) or no additional
intervention (control group).

MAIN OUTCOMES AND MEASURES The primary end point was the Sequential Organ Failure As-
sessment (SOFA) score, assessed 24 hours after hospital admission, which ranges from 0 to 24
(with higher scores indicating more severe organ failure). Secondary end points included
survival at 24 hours, hospital discharge, and favorable neurologic outcome at discharge.

RESULTS Of the 6758 patients screened, 794 were included in intention-to-treat analysis
(cyclosporine, 400; control, 394). The median (interquartile range [IQR]) ages were 63.0
(54.0-71.8) years for the cyclosporine group and 66.0 (57.0-74.0) years for the control group.
The cohorts included 293 men (73.3%) in the treatment group and 288 men (73.1%) in the
control group. At 24 hours after hospital admission, the SOFA score was not significantly
different between the cyclosporine (median, 10.0; IQR, 7.0-13.0) and the control (median,
11.0; IQR, 7.0-15.0) groups. Survival was not significantly different between the 98 (24.5%)
cyclosporine vs 101 (25.6%) control patients at hospital admission (adjusted odds ratio [aOR],
0.94; 95% CI, 0.66-1.34), at 24 hours for 67 (16.8%) vs 62 (15.7%) patients (aOR, 1.08; 95%
CI, 0.71-1.63), and at hospital discharge for 10 (2.5%) vs 5 (1.3%) patients (aOR, 2.00; 95% CI,
0.61-6.52). Favorable neurologic outcome at discharge was comparable between the
cyclosporine and control groups: 7 (1.8%) vs 5 (1.3%) patients (aOR, 1.39; 95% CI, 0.39-4.91).

CONCLUSION AND RELEVANCE In patients presenting with nonshockable cardiac rhythm after
OHCA, cyclosporine does not prevent early multiple organ failure.
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JAMA Cardiol. 2016;1(5):557-565. doi:10.1001/jamacardio.2016.1701
Published online July 13, 2016.

Invited Commentary
page 566

Supplemental content at
jamacardiology.com

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: The CYRUS
study investigators are listed at the
end of the article.

Corresponding Author: Laurent
Argaud, MD, PhD, Hospices Civils de
Lyon, Hôpital Edouard Herriot,
Service de Réanimation Médicale,
5, place d’Arsonval, 69437 Lyon
Cedex 03, France (laurent.argaud
@chu-lyon.fr).

Research

JAMA Cardiology | Original Investigation

(Reprinted) 557

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/25/2022

http://clinicaltrials.gov/show/NCT01595958
https://www.clinicaltrialsregister.eu/ctr-search/search?query=eudract_number:2009-015725-37
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2016.1701&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2016.1701
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2016.1822&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2016.1701
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2016.1701&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2016.1701
http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2016.1701
mailto:laurent.argaud@chu-lyon.fr
mailto:laurent.argaud@chu-lyon.fr


Copyright 2016 American Medical Association. All rights reserved.

W ith an annual incidence that can exceed 100 cases
per 100 000 persons, out-of-hospital cardiac ar-
rest (OHCA) remains a major health issue in indus-

trialized countries.1 Among all OHCAs treated by emergency
medical services, a nonshockable cardiac rhythm (ie, asys-
tole or pulseless electrical activity) is the most frequent and
has the worst prognosis.2 Most successfully resuscitated pa-
tients develop a postcardiac arrest syndrome consisting of brain
injury, myocardial dysfunction, and a systemic ischemia rep-
erfusion response that often leads to multiple organ failure.3,4

Although resumption of blood circulation is the primary
therapeutic objective of cardiac resuscitation, reflow after
whole-body ischemia might cause reperfusion injury that sig-
nificantly contributes to the severity of the postcardiac arrest
syndrome.3 Opening of the mitochondrial permeability tran-
sition pore (PTP) at the time of reperfusion has been reported5-8

to be involved in damage to various organs (eg, heart, brain,
liver, and kidney) after regional ischemia. Experimental
evidence7-15 suggests that, through mitochondrial determi-
nants, reperfusion injury might also contribute to multiple or-
gan failure following a global ischemic insult, including post-
cardiac arrest syndrome.

Cyclosporine, apart from its immunosuppressive activ-
ity, can prevent the opening of the PTP that occurs in the early
minutes of reflow and attenuate single organ damage.5,6,16,17

We and others11-14 have reported that cyclosporine adminis-
tered early after the onset of resuscitation in a nonshockable
cardiac arrest may decrease tissue lesions and blunt postcar-
diac arrest organ dysfunctions using in vivo experimental
preparations. The objective of the present study was to deter-
mine whether early administration of cyclosporine during ad-
vanced life support in patients with OHCA would prevent post-
cardiac arrest multiple organ dysfunction syndrome.

Methods
Study Design
The Cyclosporine A in Out-of-Hospital Cardiac Arrest Resusci-
tation (CYRUS) trial was a multicenter, single-blind, randomized
clinical trial conducted in 16 centers in France and coordinated
by the Hospices Civils de Lyon (protocol available in the Supple-
ment). This trial was performed in accordance with the principles
of the Declaration of Helsinki18 and the European Guidelines for
Good Clinical Practice. In accordance with French laws, the pro-
tocol was approved by the ethics committee (Comité de Protec-
tion des Personnes Sud-Est IV) in Lyon, France. Waiver of in-
formed consent was authorized by the ethics committee owing
to the urgent need for treatment of OHCA. The patients’ relatives
were informed about the trial; written informed consent for fur-
ther participation in the trial was obtained from a family mem-
ber or from patients who were capable of giving consent. There
was no financial compensation.

Patients
The French emergency medical system has been described
elsewhere.19 Ambulances staffed by physicians and based at
major hospitals provided advanced cardiovascular life sup-

port (ACLS). Consecutive adults with witnessed OHCA pre-
senting with nonshockable cardiac rhythm upon the arrival of
the ACLS team were considered eligible for the study. The ex-
clusion criteria were age younger than 18 years or older than
80 years, duration of untreated cardiac arrest of more than 30
minutes, rapidly fatal underlying disease, evidence of trauma,
evidence of pregnancy, and allergy to cyclosporine.

Randomization and Trial Intervention
Eligible patients were randomly assigned by the physician dis-
patcher (using a “scratch-off” randomization list) using a 1:1
ratio either to the cyclosporine or control group. Randomiza-
tion was stratified on the center. A permuted block design with
a computer-generated random number was used. Because of
the open design of the trial, blocks of various sizes were used.
As soon as possible after the onset of ACLS, patients assigned
to the cyclosporine group received a single intravenous bolus
injection of cyclosporine, 2.5 mg/kg (Sandimmun, Novartis
Pharma SAS). This dose was chosen arbitrarily based on the
dose used in previous clinical trials.20,21 Patients assigned to
the control group did not receive any additional intervention.

According to the single-blind design of the trial, investiga-
tors from the ACLS team were aware of the intervention assign-
ment. However, all physicians involved in the trial after hospi-
tal admission were unaware of the treatment assignment.

Data Collection and End Points
For each patient, demographics, comorbidities, and charac-
teristics of the OHCA and data on resuscitation, based on the
Utstein style,22 were recorded. The use of targeted tempera-
ture management (ie, therapeutic hypothermia) and the Sim-
plified Acute Physiology Score II23 (range, 0-164, with higher
scores indicating greater severity of illness) were also docu-
mented at the time of admission to the intensive care unit.

The primary end point was the Sequential Organ Failure
Assessment (SOFA) score, as recorded 24 hours after hospital
admission by a physician unaware of the randomization group.
SOFA assesses multiple organ failure in intensive care units,
including the setting of postcardiac arrest syndrome.4,24-27 The
SOFA score ranges from 0 to 24 (higher scores indicate more
severe organ failure), with 0 to 4 points assigned for each of 6
organ dysfunctions (ie, central nervous system, cardiovascu-
lar, respiratory, renal, coagulation, and liver). As previously
described,25 organ failure was defined as a score of 3 or 4 points
for the affected organ.

Key Points
Question Is cyclosporine able to prevent, as in preclinical studies,
the postcardiac arrest syndrome?

Findings In this randomized clinical trial of 794 patients with
nonshockable out-of-hospital cardiac arrest, 2.5 mg/kg of
cyclosporine administered at resuscitation did not prevent early
multiple organ failure.

Meaning The present results do not support the use of early
administration of cyclosporine to prevent multiple organ failure
after out-of-hospital cardiac arrest.
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Secondary end points included criteria related to the sever-
ity of early organ dysfunction at intensive care unit admission
and at 24 hours as well as outcomes. Thus, the SOFA score was
recorded on admission to the intensive care unit. The Glasgow
Coma Score28 (range, 3-15; lower scores indicate reduced levels
of consciousness) and the need for organ support were docu-
mented.Inallparticipatingcenters,aphysicianwhowasunaware
of the assigned group performed the neurologic evaluation from
72 hours after hospital admission. All clinical decisions for with-
drawal of life-sustaining therapy remained at the discretion of
the treating team, according to an international statement.3 The
probabilities of a return of spontaneous circulation and admis-
siontothehospitalalive;survivalto24hours,7days,and28days;
and discharge from the hospital alive were also recorded. Neu-
rologic performance was assessed at hospital discharge using the
Cerebral Performance Categories scale,29 which ranges from 1 to
5 (1, good cerebral performance or minor disability; 2, moderate
disability; 3, severe disability; 4, coma or vegetative state; and
5, brain death or dead). Favorable neurologic outcome was defined
as a Cerebral Performance Categories level of 1 or 2 at discharge.

The safety of cyclosporine administration was assessed by
recording all adverse effects. Major adverse events were de-
fined as in-hospital death, need for renal replacement therapy,
or postanoxic vegetative state.

Statistical Analysis
Under the alternative hypothesis of an expected difference of
half the SD (effect size, 0.5) of the mean SOFA score at 24 hours,
at least 128 patients had to be alive at 24 hours in the 2 arms
to reject the null hypothesis of a similar mean SOFA score in
both arms in 80% of the studies (β = 20%), with type 1 error
at α = 5% (2-tailed). With an expected 24-hour mortality rate
of 80%, at least 640 patients had to be randomized. Inclu-
sions continued until the primary end point was analyzable in
128 patients. The sample size was calculated with the use of
nQuery Advisor, version 5.0 (Statistical Solutions).

Variables were expressed as median and interquartile range
(IQR) or number and proportion, as appropriate. Wilcoxon rank
sum, χ2, or Fisher exact tests were performed on the baseline
characteristics of patients to detect a differential selection of
patients after randomization. Analyses of both primary and sec-
ondary end points were performed according to the random
assignment of patients (intention-to-treat analysis).

The main analysis of the primary end point, the SOFA score
at 24 hours, was performed by fitting a mixed-effects linear
model with a fixed effect for the assigned treatment and a ran-
dom center effect. A non-Gaussian distribution of the SOFA
score was anticipated, leading to the application of a Box-Cox
transformation of the SOFA score at 24 hours, the power pa-
rameter being estimated by the profile likelihood. Analysis of
the primary end point was conducted according to the treat-
ment received (per-protocol analysis). Secondary analysis of
the primary end point was performed with the same power pa-
rameter. A mixed-effects multivariate linear model was fitted
systematically with a random center effect and fixed effects
for treatment, sex, age, and duration of untreated cardiac ar-
rest. In addition, bystander cardiopulmonary resuscitation, car-
diac origin of the OHCA, and total duration of ACLS were in-

cluded in multivariate modeling if the significance level of their
association with the primary end point was smaller than 10%
in the univariate analyses and were retained in the final model
if the adjusted level of significance was smaller than 5%. The
influence of in-hospital targeted temperature management on
the treatment effect was estimated by introducing an interac-
tion term into the model, with P < .10 considered significant
for the interaction test. The involvement of each SOFA com-
ponent was analyzed by fitting mixed-effects unconditional
logistic regression models with a fixed effect for the assigned
treatment and a random center effect.

The SOFA score at hospital admission was also analyzed
by fitting a mixed-effects linear model with a fixed effect for
the assigned treatment and a random center effect. Other sec-
ondary end points relating to early organ dysfunction were
compared using Wilcoxon rank sum, χ2, or Fisher exact tests.
Outcomes were analyzed by fitting unconditional logistic re-
gression models with a fixed effect for the assigned treat-
ment and a random center effect.

Type I error rate was fixed at α = 5% in all tests (2 tailed)
performed with SAS, version 9.3 (SAS Institute Inc) and R ver-
sion, 2.15.1 (R Foundation).

Results
Study Population
From June 22, 2010, to March 13, 2013, a total of 6758 pa-
tients with OHCA were screened, and 794 were enrolled in the
trial (Figure 1). Of these, 400 patients (50.4%) were randomly
assigned to the cyclosporine group and 394 (49.6%) to the con-
trol group. The primary end point was assessed for 129 pa-
tients alive at 24 hours: 67 (51.9%) in the cyclosporine group
and 62 (48.1%) in the control group. Two patients in the con-
trol group at 24 hours had received cyclosporine and were in-
cluded in the primary analysis (Figure 1). Complete follow-up
data were available for all 794 patients.

The characteristics of the patients, including resuscita-
tion data, are presented in Table 1 for both the randomized
population and the patients included in the primary analysis.
Asystole of cardiac origin was the leading cause of OHCA. No
significant difference was seen between the groups at inclu-
sion in the study except for age. The characteristics of the pa-
tients included in the intention-to-treat analysis were similar
in the 2 groups.

Intervention Group
In the intervention group, 377 patients received cyclosporine
(Figure 1), with a median dose of 200 mg administered to 226
patients (59.9%). The median time from collapse to adminis-
tration of cyclosporine was 29.0 (IQR, 21.0-35.0) minutes.
Times from ACLS and from the first dose of epinephrine to the
administration of cyclosporine were 8.0 (IQR, 5.0-13.0) min-
utes and 3.0 (IQR, 1.0-7.0) minutes, respectively.

Primary End Point
The median SOFA scores at 24 hours were 10.0 (IQR, 7.0-
13.0) in the cyclosporine group and 11.0 (IQR, 7.0-15.0) in the
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control group (Figure 2). The primary analysis of the SOFA
score (Box-Cox transformation with power param-
eter = 0.46) did not detect a significant difference between
the 2 groups (P = .45). The predicted mean was 10.1 (95% CI,
9.2-11.1) in the cyclosporine group and 10.7 (95% CI, 9.7-11.7)
in the control group.

Per-protocol analysis did not show a significant differ-
ence in the primary end point (P = .51) when comparing 61 pa-
tients who received cyclosporine with 68 patients who did not
receive the drug, with a predicted mean of the SOFA score at
24 hours of 10.1 (95% CI, 9.2-11.2) vs 10.6 (95% CI, 9.7-11.6),
respectively. In addition, the primary end point was not sig-
nificantly influenced by the delay of cyclosporine administra-
tion. Choosing a cutoff value of 29 minutes for the time from
collapse to administration of cyclosporine, the SOFA score at
24 hours was not significantly different (P = .77) in the group
with the shortest interval (n = 35; median, 10.0 [IQR, 7.0-
14.0]) versus the group with the longest interval (n = 26; me-
dian, 10.0 [IQR, 8.0-13.0]).

In the secondary analysis of the primary end point, the
variables sex (P = .72), age (P = .85), and duration of
untreated cardiac arrest (P = .59) were not associated with
the SOFA score at 24 hours after admission; however, a lon-
ger duration of ACLS was associated with a higher value of
the SOFA score (P = .002). For a 60-year-old man with a
10-minute untreated cardiac arrest followed by 30 minutes
of ACLS, the mean estimated SOFA score at 24 hours was
10.4 (95% CI, 9.3-11.5) in the cyclosporine group and 11.1
(95% CI, 10.0-12.3) in the control group (P = .29). In-hospital
targeted temperature management had no interaction with
the effects of cyclosporine (P = .36). Except for respiratory
function, with an adjusted odds ratio of 0.41 (95% CI, 0.18-
0.94; P = .04), cyclosporine had no significant effect to pre-
vent other organ failure.

Secondary End Points
Identical medians of the SOFA score of 11.0 (IQR, 8.0-13.0) were
observed in the 2 groups at admission without significant

Figure 1. CONSORT Diagram

6758 Out-of-hospital cardiac arrests

129 Included in intention-to-treat analysis

302 Died at scene

31 Died between hospital
admission and 24 h

293 Died at scene

39 Died between hospital
admission and 24 h

5227 Excluded a

2146 Unwitnessed cardiac arrest

732 Trauma

535 Fatal underlying disease

137 Untreated duration >30 min

2 Pregnant

2103 Aged <18 or >80 y

806 Shockable cardiac rhythm

737 Missed

794 Randomized

400 Randomized to cyclosporine
group

377 Received cyclosporine
as randomized

23 Did not receive cyclosporine
(breach of protocol)

394 Randomized to control group

9 Received cyclosporine
(breach of protocol)

385 Received the control
condition as randomized

67 Alive at 24 h

59 Received cyclosporine

62 Alive at 24 h

2 Received cyclosporine

1507 Eligible 5251 Not eligible

770 Enrolled 24 Enrolled in error b

11 Unwitnessed cardiac arrest

8 Shockable cardiac rhythm

2 Trauma

3 Untreated duration >30 min

a A total of 1234 patients met more
than 1 exclusion criterion.

b Five patients remained in the
intention-to-treat analysis.
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Table 1. Patient Characteristics

Variable

Randomized Patientsa Patients Included in Primary Analysisa

Cyclosporine Group
(n = 400)

Control Group
(n = 394) P Value

Cyclosporine Group
(n = 67)

Control Group
(n = 62) P Value

Age, median (IQR), y 63.0
(54.0-71.8)

66.0
(57.0-74.0)

.003 62.1
(52.9-72.7)

63.5
(53.8-72.3)

.65

Male sex 293
(73.3)

288
(73.1)

>.99 45
(67.2)

47
(75.8)

.33

Medical history

Coronary heart disease 82
(22.0) [372]

74
(20.3) [364]

.59

Other cardiac disease 141
(37.9) [372]

155
(42.6) [364]

.20

Respiratory disease 46
(12.4) [372]

34
(9.3) [364]

.19

Other 178
(47.8) [372]

180
(49.5) [364]

.71

No history of disease 101
(27.2) [372]

93
(25.5) [364]

.68

Unknown 28
(7.0)

30
(7.6)

.79

Location of cardiac arrest

Place of residence 297 (74.3) 280 (71.1)

.43

40 (59.7) 46 (74.2)

.22Public place 74 (18.5) 76 (19.3) 20 (29.9) 12 (19.4)

Other 29 (7.3) 38 (9.6) 7 (10.4) 4 (6.5)

Witnessed arrest 396 (99.0) 387 (98.2) .38 67 (100) 61 (98.4) .48

Bystander CPR 170
(42.6) [399]

168
(42.7) [393]

>.99 31 (46.3) 26 (41.9) .72

Suspected cause of cardiac arrest

Cardiac 134 (33.5) 142 (36.0)

.87

33 (49.3) 24 (38.7)

.28
Respiratory 94 (23.5) 90 (22.8) 22 (32.8) 22 (35.5)

Other 50 (12.5) 44 (11.2) 7 (10.4) 5 (8.1)

Unknown 122 (30.5) 118 (29.9) 5 (7.5) 11 (17.7)

Initial recorded cardiac rhythm

Asystole 336 (84.0) 343 (87.1)

.26

54 (80.6) 51 (82.3)

.44Pulseless electrical activity 61 (15.3) 46 (11.7) 12 (17.9) 8 (12.9)

Ventricular fibrillation or tachycardia 3 (0.8) 5 (1.3) ) 1 (1.5) 3 (4.8)

Intervals, median (IQR), min

Duration of untreated cardiac arrest 10.0
(5.0-15.0) [396]

10.0
(4.0-15.0) [390]

.20 8.0
(5.0-12.0)

10.0
(4.0-14.0)

.34

Time from collapse

To emergency call 2.0
(0.0-5.0) [395]

1.0
(0.0-5.0) [386]

.99

To ACLS 19.0
(13.0-25.0) [396]

19.0
(12.0-25.0) [387]

.19 15.0
(10.0-22.0)

16.0
(10.0-22.0)

.78

To first epinephrine injection 23.0
(17.0-30.0) [392]

22.0
(15.0-30.0) [386]

.09

To return of spontaneous circulation NA NA 35.0
(27.0-46.0) [66]

32.0
(24.0-41.0) [58]

.36

To hospital admission NA NA 90.0
(70.0-105.0)

93.5
(75.0-120.0)

.24

Total duration of ACLS, median (IQR) 40.0
(30.0-50.0) [397]

40.0
(30.0-50.0) [393]

.35 23.0
(16.0-31.0)

21.0
(15.0-31.0)

.26

CPR initiated before arrival of ACLS 364 (91.0) 362 (91.9) .70

Dose of epinephrine administered,
median (IQR), mg

8.0
(5.0-11.0) [397]

8.0
(5.0-10.0) [393]

.71 4.0
(2.0-6.0) [66]

4.0
(2.0-7.0)

.83

Route of administration of drugs

Peripheral intravenous 370 (92.5) 367 (93.1)

.34
Intraosseous infusion 15 (3.8) 8 (2.0)

Central intravenous 8 (2.0) 13 (3.3)

Other 7 (1.8) 6 (1.5)

(continued)
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difference when a mixed linear model was fitted (P = .36). There
was no significant difference between groups regarding the se-
verity of the postcardiac arrest syndrome both at admission
and at 24 hours (Table 2).

Survival rates were comparable in the cyclosporine and
control groups (Table 3). In-hospital mortality was also simi-
lar in the 2 groups: 89.8% (88 of 98) and 95.0% (96 of 101) in
the cyclosporine and control groups, respectively (adjusted
odds ratio, 0.46; 95% CI, 0.14-1.56; P = .19). The most com-
mon causes of death for these 184 patients were postanoxic
encephalopathy leading to treatment withdrawal (94 pa-
tients [51.1%]) and intractable shock after cardiac arrest (85 pa-
tients [46.2%]), with no significant difference between the 2
groups (P = .63).

Predefined major adverse events were not significantly dif-
ferent between the groups. No adverse effect was detected in
patients who received cyclosporine.

Discussion

In this multicenter, randomized clinical trial, we examined
whether the administration of cyclosporine early after resus-
citation for a nonshockable OHCA might prevent multiple or-
gan failure. We observed no significant reduction of the SOFA
score in the treatment vs control patients 24 hours after hos-
pital admission.

The rationale for using cyclosporine in the prevention of
postcardiac arrest multiple organ failure was based on experi-
mental data5-9,11-17 suggesting that its powerful inhibition of
mitochondrial permeability transition was able to prevent rep-
erfusion injury in various conditions of tissue damage and organ
failure. Under physiologic conditions, the inner mitochondrial
membrane is impermeable to most metabolites and ions, and the
PTP is in a closed conformation.5,6 Following an ischemic insult,
PTP opening occurs within the first minutes of reperfusion and
can compromise cell function and viability.5,6 Regardless of its
immunosuppressive activity, cyclosporine inhibits PTP opening
by binding to cyclophilin D, a mitochondrial chaperone
protein.5,6,17 Experimental studies, including those from our
group,11-14 have demonstrated that early administration of cyclo-
sporine at the time of resuscitation after nonshockable cardiac
arrest can inhibit PTP opening, attenuate tissue damage, and pre-
vent failure of several organs.

The present study did not detect a significant difference
between the cyclosporine and control groups with respect to
the severity of postcardiac arrest, patients’ outcomes, or their
neurologic prognosis at hospital discharge. However, the study
may have lacked statistical power to detect a moderate

Figure 2. Sequential Organ Failure Assessment (SOFA) Score at 24 Hours
After Admission
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Cyclosporine administration resulted in no significant reduction in the SOFA
score in the cyclosporine vs control group, with a median of 10.0 (IQR, 7.0-13.0)
vs 11.0 (IQR, 7.0-15.0) (P = .45). The box plots indicate the median value and
interquartile range (IQR) of the SOFA score in the cyclosporine and control
groups; the white diamond indicates the mean. The box plot whiskers indicate
the most extreme data points within 1.5 times the IQR from each edge of the
box plot.

Table 1. Patient Characteristics (continued)

Variable

Randomized Patientsa Patients Included in Primary Analysisa

Cyclosporine Group
(n = 400)

Control Group
(n = 394) P Value

Cyclosporine Group
(n = 67)

Control Group
(n = 62) P Value

Defibrillation shocks applied

No. of patients 137
(35.1) [390]

141
(36.2) [390]

.82

No. of shocks, if given, median (IQR) 3.0
(1.0-5.0) [137]

3.0
(1.0-4.0) [141]

.83

Cyclosporine NA NA

Dose, median (IQR), mg 200
(150-200) [59]

Time from collapse to administration 27.0
(19.0-32.0) [59]

Target temperature management NA NA

Prior to hospital arrival 21 (31.3) 21 (33.9) .85

In-hospital 51 (76.1) 44 (71.0) .55

SAPS II, median (IQR)b NA NA 72 (63-84) 76
(62-85)

.68

Abbreviations: ACLS, advanced cardiovascular life support;
CPR, cardiopulmonary resuscitation; IQR, interquartile range;
NA, not applicable; SAPS II, Simplified Acute Physiology Score II.
a Numbers in brackets indicate the number of patients available for analysis if it

differs from the full sample size.
b Score ranges from 0 to 164, with higher scores indicating greater severity of

illness.23
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benefit of cyclosporine to prevent early multiple organ fail-
ure or to improve survival. In addition, our study population
represented cardiac arrest patients at the higher end of the in-
jury spectrum, including a majority of patients with asystole
and very high in-hospital mortality. Whether cyclosporine

would benefit patients with a less severe injury (eg, a cohort
of patients with shockable OHCA) remains to be evaluated.

Several effect modifiers might alter the impact of any pro-
tective intervention aimed at limiting the postcardiac arrest
syndrome, including underlying diseases, cause of cardiac

Table 3. Patient Outcomes

Variable

No. (%)

P Value
Cyclosporine Group
(n = 400)

Control Group
(n = 394)

Adjusted OR
(95% CI)

Died at scene 302 (75.5) 293 (74.4) 1.06 (0.75-1.52) .71

Return of spontaneous circulation 140 (35.0) 156 (39.6) 0.82 (0.60-1.13) .20

Admitted to hospital 98 (24.5) 101 (25.6) 0.94 (0.66-1.34) .71

Survived to 24 h 67 (16.8) 62 (15.7) 1.08 (0.71-1.63) .70

Survived to 7 d 22 (5.5) 21 (5.3) 1.03 (0.53-2.03) .92

Survived to 28 d 13 (3.3) 8 (2.0) 1.62 (0.61-4.30) .31

Discharged alive 10 (2.5) 5 (1.3) 2.00 (0.61-6.52) .23

Favorable neurologic outcome
at dischargea

7 (1.8) 5 (1.3) 1.39 (0.39-4.91) .59

Abbreviation: OR, odds ratio.
a Defined as a Cerebral Performance

Category score of 1 (good cerebral
performance or minor disability) or
2 (moderate disability).29

Table 2. Postcardiac Arrest Syndrome–Induced Organ Dysfunction

Variable

At Admissiona At 24 ha

Cyclosporine Group
(n = 98)

Control Group
(n = 101) P Value

Cyclosporine Group
(n = 67)

Control Group
(n = 62) P Value

Clinical characteristics, median (IQR)

Mean arterial pressure, mm Hg 80
(62-99) [94]

79
(63-100) [98]

.73 75 (64-91) 79 (63-89) >.99

Heart rate, beats/min 90
(74-105) [96]

90 (76-104) .82 95 (75-112) 91 (75-105) .47

Body temperature, °C 34.8
(33.9-35.4) [85]

34.9
(33.8-35.8) [90]

.41 36.2 (34.3-37.4) 36.3 (34.2-37.3) .99

Glasgow Coma Scale scoreb 3 (3-3) 3 (3-3) .36 3 (3-3) 3 (3-3) .98

Biological data, median (IQR)

pH 7.16
(7.04-7.26) [92]

7.17
(7.09-7.27) [94]

.35 7.32
(7.24-7.41) [66]

7.36
(7.29-7.43) [60]

.12

Lactate, mg/dL 79.3
(52.3-124.3) [89]

82.0
(52.3-123.4) [89]

.75 25.2
(15.3-40.5) [66]

27.0
(17.1-45.9) [54]

.60

PaO2/FiO2, mm Hg 184
(118-296) [92]

213
(142-327) [91]

.13 255
(180-337) [66]

195
(129-312) [59]

.05

Troponin I, ng/mL 1.07
(0.10-11.00) [87]

0.39
(0.10-2.80) [89]

.23 3.32
(0.32-19.74) [55]

2.36
(0.29-66.50) [48]

.96

Organ failure

No., median (IQR) 2.0 (2.0-3.0) 2.0 (2.0-3.0) .55 2.0 (1.0-3.0) 2.0 (2.0-3.0) .42

Type, No. (%)

Central nervous system 98 (100) 101 (100) NA 66 (98.5) 62 (100) >.99

Cardiovascular 71 (72.4) 70 (69.3) .64 43 (64.2) 39 (62.9) >.99

Respiratory 55 (56.1) 47 (46.5) .20 23 (34.3) 32 (51.6) .05

Renal 16 (16.3) 20 (19.8) .58 16 (23.9) 21 (33.9) .25

Coagulation 6 (6.1) 4 (4.0) .53 2 (3.0) 1 (1.6) >.99

Liver 3 (3.1) 1 (1.0) .36 0 1 (1.6) .48

Organ support, No. (%)

Mechanical ventilation 98 (100) 101 (100) NA 67 (100) 62 (100) NA

Catecholamines 69 (70.4) 71 (70.3) >.99 43 (64.2) 39 (62.9) >.99

Renal replacement therapy NA NA 5 (7.5) 9 (14.5) .26

Abbreviations: IQR, interquartile range; NA, not applicable; PaO2/FiO2, ratio of
arterial oxygen partial pressure to fractional inspired oxygen.

SI conversion factors: To convert lactate to millimoles per liter, multiply by 0.111;
troponin I to micrograms per liter, multiply by 1.

a Numbers in brackets indicate the number of patients available for analysis if it
differs from the full sample size.

b Score ranges from 3 to 15; lower scores indicate reduced levels of
consciousness.28
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arrest, initial cardiac rhythm, cardiopulmonary resuscitation
quality (which was not measured in the study), and timing of
ACLS. However, none of these factors can likely explain the ab-
sence of effect of cyclosporine since they were well balanced
between the 2 groups. The main limitation of our study is prob-
ably the delay in administration of cyclosporine after the re-
sumption of circulation. Indeed, strong evidence5,6,12,30,31 in-
dicates that reperfusion injury occurs immediately at reflow
and that a few-minute delay in application of any protective
intervention can abolish its benefit. Despite the recommen-
dations to inject cyclosporine as soon as possible, the median
delay for injection once the ACLS team was on site was 8 min-
utes. In addition, most patients had already undergone by-
stander cardiopulmonary resuscitation, suggesting that the de-
lay from onset of reflow to cyclosporine injection was likely
even longer. One might speculate that earlier administration
of cyclosporine would result in better prevention of the post-
cardiac arrest syndrome. However, in an unpowered post hoc
analysis, we did not find any influence of the delay of cyclo-
sporine administration.

Additional aspects render the clinical settings different
from our experimental model of asphyxial cardiac arrest.11,14

In the present study, OHCA was suspected of respiratory ori-
gin in only 23.2% of the cases, while a cardiac cause was sus-
pected in 34.8% with previous coronary artery disease present
in 19.6%. One cannot rule out that untreated myocardial is-
chemia or underlying cardiac damage might have compro-
mised the recovery of cardiac function and blunted a poten-
tial favorable impact of cyclosporine. In addition, nearly 75%
of the patients received in-hospital targeted temperature man-

agement, which is often associated with the use of sedative
drugs, with both known to be cytoprotective via mitochon-
drial mechanisms.6,32-34 These interventions might have at-
tenuated a putative protection afforded by cyclosporine. It can
be hypothesized that a higher dose or more prolonged admin-
istration of cyclosporine would have been more efficient.

Finally, our results are in keeping with the recently pub-
lished CIRCUS trial35 that did not show any beneficial effect
of cyclosporine administered immediately after reperfusion in
patients with acute myocardial infarction. Because of its non-
specific effects on PTP or its nonmitochondrial effects, cyclo-
sporine might not be the appropriate PTP inhibitor to prevent
reperfusion injury and improve clinical outcome in patients
with acute myocardial infarction and OHCA. In any event, our
results do not call into question the concept of reperfusion in-
jury in cardiac arrest. Given the current prognosis of OHCA,
further trials investigating other protective interventions are
required more than ever to prevent resuscitation injury in the
setting of postcardiac arrest syndrome.

Conclusions
Among resuscitated patients with nonshockable OHCA, the
present trial failed to demonstrate the benefits of 2.5 mg/kg
of cyclosporine administered at resuscitation to prevent mul-
tiple organ failure as assessed by the SOFA score at 24 hours
after hospital admission. Further studies are needed to inves-
tigate other approaches to prevent resuscitation injury in the
future.
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