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Epinephrine during resuscitation

Advanced life support (ALS) objectives include maximi-
zation of coronary perfusion pressure (CPP) for prompt
return of spontaneous circulation (ROSC) and minimi-
zation of cardiac arrest-associated ischemia-reperfu-
sion injury. Epinephrine, the standard ALS vasopressor,
improves ROSC rate, with uncertain effect on neuro-
logical outcome [1]. Epinephrine efficacy is limited by its
potential to cause arrhythmias, myocardial ischemic con-
tracture, and cerebral microcirculatory dysfunction [2].

Combined stress-hormone approaches

Effectiveness of stress-hormone interventions may
depend on timely administration and/or dose for prompt
onset of action, and/or use of concurrently adminis-
tered combinations. In a recent, two-center, randomized
clinical trial (RCT) of in-hospital cardiac arrest (IHCA;
participants, n=184) [3], we assessed the effect of meth-
ylprednisolone 40 mg, or placebo (plus repeated 1-mg
epinephrine) during ALS, followed by postresuscitation
hydrocortisone (240 mg/day for 7 days maximum and
gradual taper) or placebo on several physiological and
long-term outcomes. Neutral results, primarily on early
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post-ROSC arterial pressure and inflammatory response,
strongly implied a resistance to previously well-doc-
umented, circulatory and immunomodulatory effects
of steroids [3]. Nevertheless, single, high-dose (i.e., 250
mg) methylprednisolone within 5-30 min following suc-
cessful out-of-hospital ALS has been recently associated
with lower postresuscitation interleukin-6, improved
postresuscitation hemodynamics and higher probabil-
ity of survival to discharge [4, 5]; these benefits might
reflect a rapid, nongenomic, high-dose methylpredniso-
lone action [4].

A major characteristic of our IHCA-steroids RCT was
prolonged median ALS duration, i.e. 25-27 min [3].
Notably, pooled data analyses (n=368) from our two,
prior vasopressin-steroids-epinephrine (VSE) RCTs [6,
7] revealed median ALS duration of just 14 min in VSE
patients, as opposed to 20 min in controls [3]. In these
RCTs, we added up to five doses of 20-IU vasopressin
to epinephrine during ALS to maximize CPP/expedite
ROSC by concurrent stimulation of V1A vasopressin and
alpha-1 adrenergic receptors [2, 6, 7]; stress-dose steroids
were also given during and after ALS for their hyperten-
sive/anti-inflammatory effects. Triple stress-hormone
intervention resulted in higher ROSC-rates and postre-
suscitation arterial pressure, lower serum cytokine con-
centrations, more organ failure-free days, and improved
long-term outcomes [6, 7].

A follow-up, Danish RCT (n=>501) testing vasopressin,
adrenaline and methylprednisolone (VAM) during ALS
(without postresuscitation steroids) reported improved
ROSC-rate and neutral results on long-term outcomes
[8]. The results of an individual patient-data meta-anal-
ysis (IPDMA) including all 3 RCTs were inconclusive [9],
supporting a suggestion against VSE/VAM in IHCA [10].
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However, following correction of misclassification of a
VSE-2 study participant [7], IP)DMA’s adjusted odds ratio
(aOR) (95% confidence interval (CI) for cerebral perfor-
mance category (CPC) score <2 at discharge rose to 1.80
(1.08-3.01), in favor of VSE/VAM [9].

Correction-associated, main changes in IPDMA results
are summarized in Table 1. Key pertinent messages
include (1) frailty/fragility of results’ positivity, depend-
ing on minor changes in a small absolute difference of
approximately 4% in favorable neurological outcome; and
(2) lack of power of included RCTs to detect differences
in favorable neurological outcome at a level of 4—5%.

Major, corrected IPDMA results were primarily driven
by our RCTs [9], which had key differences from the Dan-
ish trial [2], as further detailed in Table 2. Regarding time-
to-study drugs (Tpryg), IPDMA data correction revealed
significant effect measure modification, with decremental
Tprug of <6 min, favoring VSE/VAM as regards survival
to discharge and CPC score<2 at discharge [9]. Danish
trial subgroup point estimates for both ROSC and 30-day
survival/neurological outcome were also favorable for
VAM (ranging within 1.17-1.46) at Tpyyg<8 min [8],
implying a Tpryg-dependent, favorable response to VAM
in 251/501 (50%) of study participants.

Multi-level VSE effects in IHCA

Transcriptional signaling by glucocorticoids is lim-
ited by proteasome degradation of the phosphorylated
(oxidized) glucocorticoid receptor (GR) [3, 12]. During
ischemia and reperfusion, proteasome mediates removal
of oxidized, intracellular proteins [12]. Furthermore, the
longer the duration of ischemia, the greater the degra-
dation of adenosine 5’-triphosphate and intracellular
accumulation of hypoxanthine [13]. During subsequent
reperfusion, hypoxanthine is reconverted to xanthine, by
xanthine oxidase, with concurrent production of toxic,
reactive oxygen species [12]. Consequently, prolonged
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ischemia time (followed by reperfusion) is associated
with greater, intracellular, oxidative stress [13], and likely,
more extensive oxidation and loss of function [12] of
various proteins, including the GR. Accordingly, a recent
study reported rapid, post-ROSC decline in B/T lympho-
cyte GR-expression [14].

In our trials [6, 7], VSE patients received post-ROSC
stress-dose hydrocortisone (300 mg/day for 7 days
maximum and gradual taper). Furthermore, the shorter
"low-flow/ischemia” time might have mitigated the
ischemia—reperfusion induced oxidation/proteasome
degradation of GR, with consequent preservation of
vasopressor and anti-inflammatory effects of steroids.
These two pharmaco-physiological factors explain the
decreased frequency of potentially detrimental, early,
postresuscitation hypotension in VSE patients (Table 2).
Also, in our trials, steroid treatment was associated with
lower postresuscitation cytokine concentrations [6]. This
indicates attenuation of cardiac arrest-associated sys-
temic inflammatory response, and partly explains the
lesser organ dysfunction in VSE groups [6, 7].

Additional key facts supporting VSE use in IHCA

IHCA nonshockable rhythms’ incidence and long-term
outcomes are comparably high and poor (respectively)
across Registry studies and control groups of VSE/
VAM RCTs [Table 3; 6-8; Additional file 1]. Relatively
minor differences can be partly explained by potentially
more frequent pseudo-pulseless electrical activity (PEA)
(which has better prognosis) in studies with high, overall
incidence of PEA; also, in Registry studies, epinephrine
was not given to some patients and this was associated
with improved survival (Table 3; Additional file 1). Thus,
our combined VSE 1 and 2 group results of nonshockable
rhythms’ survival to discharge and CPC <2 at discharge
of 17% and 14% (respectively) [6, 7] suggest VSE benefit

Table 1 Correction-induced changes in an IPDMA of three RCTs of vasopressin and steroids in cardiac arrest

Corrected descriptive data intervention Original IPDMA aOR (95%Cl) Corrected IPDMA aOR (95%Cl)

vs. control

Survival to discharge with CPC of 1 or2  42/415 (10%) vs. 28/454 (6%)

1.64 (0.99-2.72) 1.80 (1.08-3.01)

Bayesian prior beliefs

Original Bayesian posterior  Corrected Bayesian posterior

mean OR (95% CRI) mean OR (95% CRI)
Survival to discharge with CPC of 1 or 2 Non-informative 1.65 (0.91-245) 1.82 (1.09-3.09)
Moderate optimistic 1.33(0.96-1.71) 1.37 (1.03-1.85)
Weak optimistic 1.52 (0.90-2.18) 1.57 (1.05-2.36)
Weak skeptical 1.54(0.90-2.31) 163 (1.03-2.63)

IPDMA, individual patient data meta-analysis; RCT, randomized clinical trial; CPC, cerebral performance category; aOR, adjusted odds ratio; Cl, confidence interval; CRI,

credible interval



Page 3 of 7

(2024) 28:191

Mentzelopoulos and Chalkias Critical Care

S3IPNIS T pue | ISA Y3 Ul OWD3 4O 35N UoNedSNSaNsod ou sem asay]

(L9=1U’|011U0D ‘€9 =U ‘UOIIUSAIRIUI) Y #Z < 10J SIOAIAINS WOJ) 91eulbLIO e1ep YOHI-WVA ' 5

(69=U '1013U0D ‘6 = U ‘UOIIUBAIRUI) Y T < 10§ SIOAIAINS JO dnoibgns pajood ay3 woy d1eutbLo elep z pue | 357’

uolsualodAy uoneydsnsalisod jo Aouanbaiy

2y1 Ul duaIayIp dnoib-usamiaq quedyiubis ou A|dy1| sem a1y ‘Ajjusanbasuod ([¢] 1oddns Jossaidosea pue sainssaid |eliarie uoneydsnsalisod Aes ‘aejiwis A19A pajeanal elep diweukpoway YOHI-WVA Jo saskjeuy ‘|

(¢ =Uu"|0nuod H/6 = U ‘UOIIUSAISIUL) B1EP dVS 3|qe|IRAR PUE 3D0YS UOIRIdSNS311s0d Yim Y 1 < 104 SI0AIAINS Jo dnoibgns pajood ay3 woy a1eutbuo exep g pue | 357" 4

sasop Jossaidosen ¢ S 1alye DSOY se pauyaq ‘.

159 12BX® 5,43Ysl4 AQ PaUIULISISP 3I9M SN|eA- ‘sobeluadiad se payiodal
e1ep 104 '153] N ASUNYAA Uue|y 341 Buisn paulwIap 3I9M SaNn|eA-d ‘(YD) Uelpaw se paliodas elep 104 payidads asimiaylo ssajun ‘syuedidiied yOHI-IWYA 10 Z PUB | ISA 941 JO |10] 9Y1 wiouy 1eulblio elep payoday

uoneuabAxo sueiquisW [ea10d105RIIX3 ‘ONDT ‘2inssaid [eldlie ueaw gy ‘2inssaid [eialie J1j03sAs S ‘et [ed1ul]d paziwopuel
10y ‘pariodal Jou ‘YN ‘uonendiId snoaueluods Jo uinidl ‘ISOY ‘dbuel ajinienbiaiul ‘YOI Asaiie delpied [edsoy-ul ‘yIH| ‘duojosiupaidiAyiaw-auljeuaipe-uissaidosen ‘YA Dutiydaulda-spiosals-uissaidosen ‘IA

dnoib joiuod ayy Ul
SUOIIULAISIUI [RIDYDUS] A|[enualod Jo asn Jusnbaiy
2I0W ‘Paz1|020101d-UOU SeM 2I3Y1 "V DIHI-INVA U]

SLDY ¢ puUe | 3SA

9U1 Ul A|UO PIAISTO 1YaUSQ WIS1-Buo| ay1 ute|dxa
Ajpted Aews saouaiayip payodail ([ | |] Aujeriow
[UdSOY-Ul PaseaIdUl UM Pa1eIDOSSe A[JUS1SISUOD
U93q ey uoIsu10dAy uoneidsnsaisod Ajieg

S1OY ¢ pue | 3SALYIJO

(jou0d "sA) sdnoib uopuaAISIUL Ul AJUO JuSsald
AJ2Y1] S1094J9 95I9APE pale|ai-aunydaulds Jo ysu
1aMmo| pue AInful uoisnyiadal / eILBYDSI Palenually

S1OY Z PUe | 3SA 341 JO (j013u0d "sA) sdnoib uon
-UAIR1UI Ul A|Uo BuLLIN20 A2yl ,'DSOY 1dwioid jo
Ayjiqeqold paieidosse pue 109449 J0ssaid Jo uon
-ez|Wixew Yum ‘sioxdadal dibisuaipe- | o pue
UISs21dOSeA-Y | A JO UOIIRAIIDR SNOSURYNUIS 43][ieT

5 9%0¢ SNSISA %t |

5 %91 SNSI9A 9%59¢

SAeijun asuaiagip uedyubis Ing Y

S Aliun asuasagip 1uedYIubIs ING YN

gN @N[eA-g—(S=7) € SNSISA (5=7) € 'ON
YN enfeA-d—(LE=1 1) 81 SNSISA (SZ—C L) 9L ‘ON
=€

ON
(c1-9)6

1p %0 SNSIAN %0

P 9% SNSIOA %66

p€00=d ‘%S sns
“JON %6 PUB C1'0=d—%/ L SNSI9N %8¢

ql00'0>d—%W{ SNSISA %6 |

L00'0>d—(6-€) § SNSI9A (9-7) ¥ 'S9A

L00'0>d—(0€-01) OT SNSI=A (/) YL ‘SaA

SOA
(-9 v

(96) |00 SNSIAA (S)dnoIb
UOIIUSAIRIUL Ul QDT JO SN UOJILIDISNS11S0d

(9%) [043U0 SNsIaA (s)dnolb
UOIUDAISIUL U] SPIOJRIS JO 9SN UONRIDSNSDIISOd

(96) 1013U0D SNSISA (S)dNOIH UOIUSAISIUI

'BHWW 08> d¥S pue BHWW 05> dvIA 159MOT]
(9%) 1043U0D sNSISA (S)dnoIb uon

~USAIBIUL DSOY JO UIW 07 UIYHM BHWW 06 > dV'S
|013UoD SNs

-19A (5)dnoub uonusAlaiul Ul dunydauida Jo

(Bw) 350P (2101 (JOI) UBIPaW I2MO] Ajzuedyiubig
|0J3UOD SNSISA (S)dNOIH UORUSAISIUL Ul (UIW)
DSOY 01 Wi (YOI) Uelpaw Janioys Apuesyiubis
(utw) sbrup Apnis pue

sunydauids Jo 950p 151y Udami1aq be| sulil uelpaly
Ajsnoaueynuis uanib

sAem|e pue paiels uissaidosep pue aupydauid3

UIw—(YO|) uelpawl ‘sbnip Apnis o1 awll|

17943 [ennualod

(1e3 ystueq) ¥OHI-WVA

ejep psjood—g pue | ISA

J1suddRIRYd A3

[BL1 WOHI VA USIUBQ 31 PUE S[el} ISA¥231D) 3U1 UamI3q sadUaayip A3y T 3lqel



Mentzelopoulos and Chalkias Critical Care

(2024) 28:191

Page 4 of 7

Table 3 Comparative presentation of frequency/outcomes of nonshockable presenting rhythms across studies, and of do-not-

resuscitate practices across countries of study conduct

US Registry studies 1999-
2010 (n=44,567-84,625)

Greek VSE RCTs?
(2006-2010)

Danish VAM RCT
(2018-2021)

Control VSE

(n=190) (n=178)

Control VAM

(n=264) (n=237)

Nonshockable rhythms Total, n (%) PEA, % Asystole, %

36,344-67,135 (76-82)

160 (84) 149 (84)

233 (88) 216 (92)

37-49° 17 20 52 57

30-40 67 64 36 35
Cardiac arrest location
ICU /CCU / PACU - OR, % 48-59 40 40 10 12
Monitored unit / area / ward, % 20-25 0 0 36 25
Emergency department®, % 1 16 16 14 8
Other, % 5 0 0 15 14
Monitored - total, n (%) 35,925-68,064 (68-85) 75 (40) 71 (40) 121 (46) 87 (37)
Monitored, % of PEA® 87 38 50 NR NR
Monitored, % of asystole® 79 39 40 NR NR
Nonmonitored unit / area / ward - total, n (%) 7748-16,561 (15-21) 115(61) 107 (60) 145 (54) 150 (63)
Nonmonitored, % of PEA® 13 63 50 NR NR
Nonmonitored, % of asystole® 21 61 60 NR NR
Witnessed cardiac arrestS, n (%) 79 89 89 77 71
Time to resuscitation team arrival (min)¢ NR 2(1-3) 2(1-3) 3(2-4) 3(2-4)
Time to rhythm analysis, (min)f NR 3(2-4) 3(2-4) 2(1-4) 2(1-4)
Nonshockable rhythms survival to hospital discharge, %" 7-16 5 17 10 8
Nonshockable rhythms CPC score < 2 at discharge, %" 6-12 3 15 6 5

US Registry study on Greek VSE RCTs? Danish Registry study

nonshockable rhythms

2006-2019 (n=227,097)

nonshockable rhythms

on nonshockable
rhythms 2017-2018

Control VSE (n=149) (n=2780)

(n=160)
General factors associated with asystole/PEA'
Monitored—total, n (%) 188,949 (83) 62 (39) 63 (42) 1093 (39)
Monitored PEA, % of total 67 19 29 65
Monitored asystole, % of total 33 81 71 35
Nonmonitored—total, n (%) 38,148 (17) 98 (61) 86 (58) 1687 (61)
Nonmonitored PEA, % of total 54 20 21 47
Nonmonitored asystole, % of total 46 80 79 53
Time to rhythm analysis — total (min)f NR 3(2-4) 3(2-4) NR
Time to rhythm analysis in PEA (min)f NR 2 (2-3) 2(2-4) 2 (0-4)
Time to rhythm analysis in asystole (min)f NR 3(2-4) 3(2-4) 3(1-5)
Cardiac arrest within 23.00-07.00 h-total, n (%) 71,321 (31) 51(32) 50 (34) 934 (34)
Cardiac arrest within 23.00-07.00 h, % of PEA 30 28 39 28
Cardiac arrest within 23.00-07.00 h, % of asystole 35 33 32 40
Witnessed cardiac arrest — total, n (%) 195,583 (86) 140 (88) 132 (89) 2078 (75)
Witnessed cardiac arrest, % of PEA 89 91 89 86
Witnessed cardiac arrest, % of asystole 80 87 89 61
Patient factors associated with asystole/PEA
Age - total (years) 65 (16) 72 (58-78) 68 (53-77) NR
Age — PEA (years) 65 (16) 73 (62-78) 73 (60-80) 74 (65-81)
Age - asystole (years) 66 (16) 70 (57-78) 68 (52-77) 75 (66-82)
Sex — total—female, n (%) 96,826 (43) 61 (38) 47 (32) 1077 (39)
Sex—PEA - female, % 42 34 19 37
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Table 3 (continued)

US Registry study on Greek VSE RCTs? Danish Registry study
nonshockable rhythms nonshockable rhythms on nonshockable
2006-2019 (n=227,097) rhythms 2017-2018
Control VSE (n=149) (n=2780)
(n=160)
Sex — asystole — female, % 43 39 35 41
Overweight/Obesity - total, n (%)’ NR 70 (44) 65 (44) NR
Overweight/Obesity, % of PEA NR 38 47 NR
Overweight/Obesity, % of asystole, NR 45 43 NR
COPD - total, n (%) NR 40 (25) 30 (20) 500 (18)
COPD, % of PEA NR 25 25 17
COPD, % of asystole NR 25 19 20
Gastrointenstinal cancer — total, n (%) NR 7 (4) 5(6) 117 (4)
Gastrointenstinal cancer, % of PEA NR 3 6 3
Gastrointenstinal cancer, % of asystole NR 5 4 5
Ischemic heart disease — total, n (%) NSR 55(34) 52(35) 599 (22)
Ischemic heart disease, % of PEA NSR 44 36 24
Ischemic heart disease, % of asystole NSR 32 35 19
Intubation before cardiac arrest - total, n (%) 100,875 (44) 98 (61) 73 (49) 245 (9)
Intubation before cardiac arrest, % of PEA 47 67 53 11
Intubation before cardiac arrest, % of asystole 40 60 48 6
Duration of resuscitation or ALS (min)™
Duration of resuscitation/ALS in PEA, 20 (20) 20 (8-34) 14 (7-23) NR
Duration of failed resuscitation/ALS in PEA 30(23) 35 (24-60) 26 (15-40) NR
Duration of resuscitation/ALS in asystole 20(19) 20(10-30) 15 (7-27) NR
Duration of failed resuscitation/ALS in asystole 26 (22) 30(20-33) 34 (19-50) NR
Failed resuscitation—total, n (%) 91,133 (40) 66 (41) 26(17) 1632 (59)
Failed resuscitation PEA, % of total 62 17 39 47
Failed resuscitation asystole, % of total 38 83 61 53
Monitored—total, n (%) NR 20 (30) 7 (27) NR
Monitored PEA, % of total NR 10 57 NR
Monitored asystole, % of total NR 90 43 NR
Nonmonitored—total, n (%) NR 46 (70) 19 (73) NR
Nonmonitored — PEA, % of total NR 20 32 NR
Nonmonitored - asystole, % of total NR 80 68 NR
Data on country-level resuscitation practices us Greece Denmark
Do-not-resuscitate decisions legally supported and routinely ~ Yes No Yes
documented in patient records”
Reported rates of failed resuscitation among ICU decedents, 7 42 1

%n,o,p

Fractional data and proportions are reported as number (percentage) or percentage, respectively; continuous data are reported as mean (SD) or median (IQR),
depending on distribution normality. Major/summary data are highlighted in bold script.

US, United States; VSE, vasopressin-steroids-epinephrine; VAM, vasopressin-adrenaline-methylprednisolone; ICU, intensive care unit; CCU, coronary care unit;
PACU-OR, postanesthesia care unit — operating room; RCT, randomized clinical trial; PEA, pulseless electrical activity; NR, not reported; CPC, cerebral performance
category; COPD, chronic obstructive pulmonary disease; NSR, not specifically reported, ALS, advanced life support

2, Pooled data from references 6 and 7; additional references supporting the data of the current Table are provided in Additional file 1
b, PEA became more frequent than asystole from 2004 and onward

<, First column data originate solely from the earliest of the US Registry study (1999-2005)

9, As further specified in reference 8 and in the earliest US Registry study (1999-2005)

¢, Data originate from 172 control patients (missing, n=18) and 165 VSE group patients (missing, n=13)

f, Time to rhythm analysis was not directly collected in the VSE studies; however, according to the standard application of the ALS algorithm, cardiac arrest rhythm
was to be assessed within 1 min of arrival of the resuscitation team; consequently, for the purpose of the current, comparative presentation, time to rhythm analysis
was estimated for the VSE studies by adding 1 min to the (directly collected) time to resuscitation team arrival (or time to ALS initiation); this median estimate of 3 min
(from collapse to rhythm analysis) seems to be more likely to be associated with asystole rather than PEA, according to the (above-presented) results of the Danish
Registry study
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9, In the earliest US Registry study (see also Additional file 1), 7% of included patients with nonshockable rhythms did not receive epinephrine during resuscitation;
notably, in the same study, any use of epinephrine was associated with approximately threefold lower probability of survival to hospital discharge

P, The high incidence of PEA in the US and Danish studies is consistent with the speculation that a substantial proportion (e.g. 20-30%) of the patients actually had
pseudo PEA, which is associated with increased rates of return of spontaneous circulation (ROSC) and survival to hospital discharge; a systematic review (citation
provided in Additional file 1) reported a pseudo-PEA incidence of 56% among 777 PEA patients from 11 observational studies

i, Nonmonitored cardiac arrest, longer time to rhythm analysis, arrest within 23.00-07.00 h and unwitnessed arrest were associated with a higher probability of

asystole in the Danish Registry study

k, Older age (e.g.> 90 years), female sex, overweight/obesity, COPD and gastrointestinal cancer were associated with higher probability of asystole in the Danish
Registry study; in the same study, ischemic heart disease and intubation before cardiac arrest were associated with higher probability of PEA

', Reported body mass index was similar in the Greek VSE RCTs and the Danish VAM RCT

™ Data were reported as duration of resuscitation in the US Registry study and as duration of ALS (i.e. time from resuscitation team arrival to ROSC or ALS

termination) in the Greek VSE studies

", Pertinent, supporting references are listed in Additional file 1

°, Failed resuscitation indicates irreversibility of the underlying acute pathophysiology, which is consistent with more severe disease; disease severity and poor
prognosis frequently contribute to do-not-resuscitate decisions in the US and Denmark, but not in Greece (primarily because of the absence of specific end-of-life

legislation)

P, As reported above, in the control group of the Greek VSE RCTs, failed resuscitation was associated with very high rates (of 80-90%) of asystole, especially among
ICU patients; in such severely ill patients, ALS is substantially more likely to be withheld in the US and Denmark as compared to Greece

in the large subgroup of nonshockable IHCA. Accord-
ingly, corrected IPDMA aOR (95%CI) of VSE/VAM
versus control for CPC score<2 at discharge was 2.02
(1.11-3.67) [9].

Regarding VSE practicability, vasopressin/methylpred-
nisolone physical/chemical stability in normal saline
solutions has been previously confirmed [6]. Routinely
using prefilled syringes for prompt VSE-administration is
feasible/effective [6, 7].

Conclusion

In view of the above-presented discussion/evidence and
until publication of new evidence from a large, ongo-
ing Swedish RCT (www.clinicaltrials.gov/study/NCT05
139849), we suggest that VSE [6, 7] might be consid-
ered in IHCA [15]. However, the frailty/fragility of the
corrected meta-analysis results needs to be considered.
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