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Abstract

Background: Catecholamines are recommended as first-line drugs to treat hemodynamic instability
after out-of-hospital cardiac arrest (OHCA). The benefit-to-risk ratio of catecholamines is dose depend-
ent, howeves, their effect on metabolism and organ function early after OHCA has not been investigated.
Methods: The Post-Cardiac Arrest Syndrome (PCAS) pilot study was a prospective, observational,
multicenter study. The primary outcomes of this analysis were association between norepinephrine/
Jcumulative catecholamines doses and neuron specific enolase (NSE)/lactate concentration over the first
72 hours after resuscitation. The association was adjusted for proven OHCA mortality predictors and
verified with propensity scorve matching (PSM).

Results: Overall 148 consecutive OHCA patients; aged 18-91 (62.9 = 15.27), 41 (27.7%) being female,
were included. Increasing norepinephrine and cumulative catecholamines doses were significantly asso-
ciated with higher NSE concentration on admission (v = 0.477, p < 0.001; r = 0.418, p < 0.001) and
at 24 hours after OHCA (v = 0.339, p < 0.01; r = 0.441, p < 0.001) as well as with higher lactate con-
centration on admission (v = 0.404, p < 0.001; r = 0.280, p < 0.01), at 24 hours (r = 0.476, p < 0.00;
r = 0.487, p < 0.001) and 48 hours (r = 0.433, p < 0.01; r = 0.318, p = 0.01) after OHCA. The as-
sociations remained significant up to 48 hours in non-survivors after PSM.

Conclusions: Increasing dose of catecholamines is associated with higher lactate and NSE concentra-
tion, which may suggest their importance for tissue oxygen delivery, anaerobic metabolism, and organ
Sfunction early after OHCA. (Cardiol ] 2023; 30, 6: 946-956)
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Introduction

Patients resuscitated from out-of-hospital
cardiac arrest (OHCA) are predominantly hemody-
namically unstable early in the course of post-car-
diac arrest syndrome (PCAS), frequently requiring
continuous support of exogenous catecholamines,
which are recommended as the first-line drugs to
optimize cardiac output, mean arterial pressure and
organ perfusion [1-3]. However, the therapeutic
window for catecholamines is narrow, with a low
threshold for augmentation of endogenous adren-
ergic stress and adverse sympathetic nerve system
stimulation [4-6]. The toxicity of catecholamines to
the cardiovascular system is well established and
has been linked to adverse outcomes in patients
with cardiovascular diseases [4, 7-10]. However,
the vulnerability of other organs to catecholamines
excess has been investigated only by small, single
center analyzes of septic and the critically ill that
were focused on single organ dysfunction [11-14].
High plasma catecholamine concentration has
been demonstrated to induce pulmonary edema
and to be a risk factor for acute lung injury in
a critical setting [4, 11]. Exogenous catecholamine
administration reduces gastrointestinal blood flow
and motility, indicating splanchnic ischemia [4, 12].
Sustained elevated levels of norepinephrine have
been implicated in hepatocellular dysfunction and
altered hepatocyte integrity [4, 13]. A detrimental
impact of catecholamines on metabolism has also
been reported, manifesting in an excessive oxygen
consumption and metabolic acidosis that results in
inflammatory and coagulatory system activation
and organ dysfunction [11-15]. Despite being the
first line treatment after OHCA, the effect of exoge-
nous catecholamines administration on metabolism
and organ function in the early and intermediate
phases of PCAS has not been investigated.

Therefore, the aim of the present study was
to investigate the association between catechola-
mines dose over the first 72 hours of admission, and
selected laboratory parameters, being surrogate
endpoints for impaired tissue oxygen delivery,
anaerobic metabolism and organ injury, in patients
admitted after OHCA of suspected cardiac origin.

Methods

Study design

The Post-Cardiac Arrest Syndrome (PCAS)
pilot study was a prospective, observational, multi-
center project [16]. Inclusion criteria were: OHCA
of suspected cardiac cause, aged 18 years or older,

admission after return of spontaneous circulation
(ROSC) and written informed consent obtained
from the patient or next of kin as required by local
policy. The primary outcomes of the study were: (a)
the prevalence and profile of organ failure accord-
ing to sequential organ failure assessment score
(SOFA) score within the first 72 hours after OHCA,
(b) in--hospital and short-term mortality. The study
was performed in compliance with the Declaration
of Helsinki and was approved by local ethics/audit
committees of each participating center.

The outcomes of the sub-analysis presented
here were lactate and neuron specific enolase
(NSE) concentration during the first 72 hours
after OHCA. Investigated risk factors were norepi-
nephrine dose (ug/kg/min) and cumulative dose of
catecholamines (ug/kg/min).

The association was adjusted for proven OHCA
mortality predictors and verified by logarithmic
transformation and propensity score matching
(PSM) for in-hospital survival with the cohorts’
equalization for SOFA score on admission [17].

Data collection

Demographic and prehospital data regarding
the event were systematically collected on admission
according to the Utstein guidelines [18]. Detailed
laboratory parameters, including ABG and NSE
concentration were collected prospectively every
24 hours, starting from the intensive cardiac care unit
(ICCU) admission, until 72 hours of ICCU stay. Mean
arterial blood pressure, catecholamines administra-
tion and their doses were recorded at the same time
points of the assessment. All data were anonymized
and were entered into the dedicated database.

Dobutamine, dopamine and norepinephrine
were used as the first-line agents and epinephrine,
vasopressin and milrinone were second-line drugs
administered to achieve the target mean arte-
rial and peripheral perfusion pressure. The exact
choice of medication as well as the dose on an
individual patient level were left to the discretion
of the treating physician.

The cumulative catecholamine dose was cal-
culated using the formula: cumulative dose =
= norepinephrine (ug/kg/min) + dopamine (ug/kg/
/min/2) + epinephrine (ug/kg/min) [19].

Statistical analysis

Categorical data are presented as numbers and
percentages. Continuous variables are presented
as means and standard deviations. Normality of data
was assessed using the Shapiro-Wilk test. Unpaired
Student t-test was used to compare continuous
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variables. The Fisher exact test was used for cate-
gorical data. The correlation between continuous
variables was assessed using the Pearson corre-
lation coefficient. Univariable and multivariable
linear regression analysis was performed to assess
associations. Multivariable models included con-
founding variables (proven predictors of mortality
after OHCA), which were initially isolated in compara-
tive analyses, such as mean arterial pressure below
70 mmHg, age, bystander response, time to ROSC,
initial cardiac rhythm (shockable vs. non-shockable).
Estimates are presented together with 95% confi-
dence intervals (Cls). Subjects with no catechola-
mines administration in prespecified time points of
the assessment were excluded from all analyzes.

Subsequently, a numerical pseudo randomiza-
tion with PSM with replacement was performed to
equalize the study cohorts (in-hospital survivors vs
non-survivors) according to SOFA score on admis-
sion (Suppl. Fig. 1). The nearest neighbor method
was used to match 67 pairs. Wilcoxon paired test
was used for comparison of basic demographics and
pre-hospital, in-hospital data between the matched
groups. Results of lactate and NSE concentrations
were log-transformed to normalize their distribu-
tion. Subsequently, the Spearman correlation was
performed to verify results of the linear regression
association between catecholamines and lactate/NSE.

A p value < 0.05 was considered statistically
significant for all tests performed. All statistical
analyzes were performed using the StatsDirect
statistical software version 3.2.10.

Results

Overall, 148 consecutive adult patients resus-
citated after OHCA and admitted to hospital from
October 2017 to February 2019 were included.
Subject age ranged from 18 to 91 (62.9 * 15.27)
years and 41 (27.7%) were women. Demograph-
ics, pre-hospital OHCA data as well as selected
laboratory parameters and catecholamine dosages
are presented in Table 1. Overall, 68 (46.9%) in-
hospital deaths occurred between 0 and 107 (14 =
+ 15.95) days of hospitalization. Most of the deaths,
45 (66.17%), occurred within the first 5 days of
hospital stay. The main direct cause of in-hospital
deaths was cardiogenic shock, noted in 46 (67.6%)
of the cases, followed by central nervous system
injury reported in 20 (29.4%) of the deaths.

Norepinephrine was the most used catecho-
lamine during the first 72 hours of hospitalization.
Dobutamine and dopamine were respectively the
second (on admission: 35 (23.6%), 24 h: 23 (17.8%),

48 h: 16 (13.1%), 72 h: 13 (11.6%)) and the third
(on admission: 24 (16.2%), 24 h: 25 (19.5%), 48 h:
21 (17.2%), 72 h: 9 (8.0%) most frequently used.
Lactate and NSE concentration as well as catecho-
lamines dose were significantly higher among those
who died during the hospitalization in comparison
to the survivors up to 48 hours from admission
(Table 1).

The results of PSM for initial SOFA score
are presented in Table 2. The cohorts were well
matched in terms of demographics and in-hospital
data, including cause of OHCA and therapeutic
interventions, however in-hospital survivors had
persistently shorter time to ROSC and their initial
rhythm was more frequently shockable (Table 2).

Catecholamines dose and metabolic
derangement

Simple linear regression showed increasing
dose of norepinephrine and cumulative catecho-
lamines dose were significantly correlated with
increased lactate concentration until 48 hours
after the event, with the strongest correlation
at 24 hours after OHCA (Figs. 1, 2). Similarly, an
increasing dose of norepinephrine was significantly
correlated with NSE concentration on admission
(r = 0.477; p = 0.0001), 24 hours (r = 0.339;
p = 0.009) and 48 hours after admission (r = 0.332;
p = 0.036) (Fig. 3). Increasing cumulative dose
of catecholamines was correlated with increased
NSE concentration on admission (r = 0.418,
p < 0.001) and at 24 hours after OHCA (r = 0.441,
p < 0.0001) (Fig. 4).

Multiple linear regression analysis confirmed
that increasing norepinephrine dose and cumu-
lative catecholamine dose were independently
associated with higher lactate concentration
during the first 48 hours after OHCA (Figs. 1, 2).
Furthermore, increasing dose of catecholamine
were independently associated with higher NSE
concentration on admission and 24 hours after
OHCA (Figs. 3, 4). The Spearman correlation
after logarithmic transformation and PSM con-
firmed a significant association between catecho-
lamine doses and lactate within the first 48 hours
after OHCA as well as between catecholamine
doses and NSE within the first 24 hours, among
patients who died during the index hospitaliza-
tion (Table 3).

Institutional board review statement and
informed consent statement

The study was conducted according to the
guidelines of the Declaration of Helsinki and
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Table 1. Clinical characteristics of the study population, pre-hospital data of out-of-hospital cardiac
arrest (OHCA), selected laboratory derangements and catecholamines doses during the first 72 hours

after OHCA.
Survivors (n = 80) Non-survivors (n = 68) P

Demographics
Age [years] 59.5 65.57 + 14.87 0.01
Males 21 (27.3%) 20 (29.4%) 0.77
Coronary artery disease 22 (28.6%) 18 (27.7%) 0.91
Previous myocardial infarction 16 (20.8%) 12 (18.5%) 0.73
Congestive heart failure 10 (12.9%) 10 (15.4%) 0.68
Bystander response 54 (72%) 43 (63.3%) 0.26
Bystander response time [min] 6.45 + 4.15 7.37 = 3.89 0.07
Time to ROSC [min] 16.58 + 2.37 24.2 + 12.55 < 0.0001
Initial shockable rhythm 65 (86.7%) 37 (564.4%) < 0.0001
Target temperature management 53 (68.8%) 46 (67.6%) 0.88
Laboratory derangements and catecholamines on admission
Lactate [mmol/L] 4.05+ 11.33 7.63 4.9 < 0.001
NSE [ng/mL] 30.66= 16.45 77.4 = 49.58 < 0.001
Norepinephrine 51 (63.6%) 37 (54.4%) 0.26
Norepinephrine dose [ug/kg/min] 0.09 = 0.11 0.54 + 0.5 0.0002
Cumulative catecholamines dose [ug/kg/min] 1.56 = 3.35 6.39 = 14.0 0.05
Laboratory derangements and catecholamines 24 h after admission
Lactate [mmol/L] 1.66 + 1.51 3.78 + 3.3 < 0.001
NSE [ng/mL] 30.05 = 13.5 95.11 = 67.17 < 0.001
Norepinephrine 47 (58.6%) 43 (63.4%) 0.59
Norepinephrine dose [ug/kg/min] 0.10 = 0.22 0.25 + 0.36 0.0001
Cumulative catecholamines dose [ug/kg/min] 1.24 + 2.16 7.22 £ 7.24 0.0002
Laboratory derangements and catecholamines 48 h after admission
Lactate [mmol/L] 1.22 = 0.67 2.17 £ 1.92 < 0.0001
NSE [ng/mL] 34.06 + 55.53 141.41 = 130.79 < 0.0001
Norepinephrine 29 (36.5%) 30 (44.0%) 0.37
Norepinephrine dose [ug/kg/min] 0.04 + 0.08 0.59 = 0.24 0.0007
Cumulative catecholamines dose [ug/kg/min] 0.63 + 0.46 8.56 + 21.77 0.02
Laboratory derangements and catecholamines 72 h after admission
Lactate [mmol/L] 3.19 + 3.53 4.27 + 4.09 0.12
NSE [ng/mL] 38.8 + 68.93 103.45 + 81.42 < 0.0001
Norepinephrine 14 (17.8%) 22 (33.3%) 0.06
Norepinephrine dose [ug/kg/min] 0.014 = 0.05 0.37 £ 0.13 0.01
Cumulative catecholamine dose [ug/kg/min] 0.39 + 1.37 5.68 + 16.9 0.01

NSE — neuron specific enolase; ROSC — return of spontaneous circulation

approved by the Institutional Review Board of each Discussion

participating center. Ethics Committee approval

of Leading Center of the Primary Investigator Life-threatening conditions such as OHCA

Number: 83/WIM/2017. and PCAS are some of the most potent triggers of

Informed consent was obtained from all sub- adrenergic stress [1, 2, 4]. Plasma concentration
jects or the next of kin involved in the study. of endogenous norepinephrine and epinephrine
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Table 2. Comparison of selected demographics, pre-hospital and in-hospital data after propensity
score matching between in-hospital survivors vs. non-survivors.

Variables Survivors Non-survivors P
N pairs Mediana IQR N pairs Mediana IQR
Demographics and pre-hospital data
SOFA score on admission 68 7.0 5.5-8.0 68 7,0 6.5 0.55
Age [year] 68 64.0 55.0-70.5 67 67.0 58.0 0.13
Males [%] 57 83.80 48 70.6 0.07
Coronary artery disease [%] 21 30.90 18 27.70 0.7
Myocardial infarction [%] 13 19.10 12 18.40 0.9
Congestive heart failure [%] 11 16.20 10 15.40 0.9
Bystander response [%] 47 70.10 43 63.20 04
EMS response time [min] 65 9:00 6:0-14:0 62 10:00 8:0-13:0 0.36
Shockable rhythm [%] 60 92.30 37 54.40 < 0.001
Time to ROSC [min] 67 19:00 12:0-29:0 63 30:10 22:0-43:0 < 0.01
In-hospital data, causes of OHCA and interventions
GCS on admission 68 3.0 3.0-3.0 67 3.0 3.0-3.0 0.8
TTM minimal temperature a7 34.7 33.7-35.5 46 34.2 33.0-35.3 0.21
Acute coronary syndrome [%] 29 42.60 33 48.50 0.49
Primary arrhythmia [%] 30 34.10 17 25.00 0.2
Pulmonary embolism [%] 0 0 2 2.94 0.1
Aorta dissection [%] 0 0 1.47 0.2
Acute heart failure [%] 1 1.47 5.97 0.15
Decompensated CHF [%] 7 10.30 2 2.99 0.08
Angiography [%] 62 91.2 53 79.10 0.06
PCI [%] 32 48.50 31 47 0.9
CABG [%] 1 1.52 0 0 0.2
Mechanical circulatory support [%] 6 9.10 11 16.40 0.2
ICCU stay [days] 66 5.0 3.0-8.0 68 4.5 1.0-8.5 0.08

CABG — coronary artery bypass grafting; CHF — chronic heart failure; EMS — emergency medical system; GCS — Glasgow Coma Score;
ICCU — Intensive Cardiac Care Unit; OHCA — out-of-hospital cardiac arrest; PCl — percutaneous coronary intervention; ROSC — return of
spontaneous circulation; SOFA score — sequential organ failure assessment; TTM — target temperature management

increased between 10 and 1000-fold during car-
diopulmonary resuscitation and remained elevated
during PCAS [4]. One of the common features of
PCAS is hemodynamic instability, resulting from
myocardial stunning and impaired vascular tone
[1, 2, 4]. The hemodynamic instability after OHCA
leads directly to impaired peripheral perfusion,
reduced tissue oxygen delivery and anaerobic me-
tabolism, being a potent risk factor for multiple organ
failure and the main direct cause of early death after
resuscitation [1, 2, 20]. The myocardial stunning
and impaired vaso-regulation due to PCAS are
claimed to be reversible and responsive to inotropic
and vasoactive agents [21]. Therefore, the principal
aim of exogenous catecholamines in this setting is
to enhance myocardial contractility and to correct

systemic and regional perfusion as well as oxygen
delivery and utilization [4-6]. Unfortunately, desen-
sitization, downregulation of beta-adrenoreceptors
as well as impaired binding of catecholamines to the
receptors during hypoxia and acidosis may lead to
a reduced response to exogenous catecholamines,
necessitating up titration of their doses keeping in
mind commonly known overt side effects of catecho-
lamines [22-26]. In septic shock patients, norepi-
nephrine was shown to increase arterial stiffness,
myocardial afterload and cardiac workload, overall
worsening left ventricle performance and decreasing
perfused capillary density [8, 24]. Dobutamine was
shown to increase cellular metabolism and oxygen
consumption and to impair tissue oxygen extrac-
tion in sepsis and congestive heart failure [10, 25].
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Figure 1. A. Association between norepinephrine dose and lactate concentration on admission in the study popula-
tion; B. Association between norepinephrine dose and lactate concentration 24 hours after admission in the study
population; C. Association between norepinephrine dose and lactate concentration 48 hours after admission in the

study population; BP — blood pressure; ROSC — return of spontaneous circulation.

Epinephrine in comparison to a norepinephrine-
dobutamine combination in septic patients has been
shown to decrease splanchnic oxygen utilization and
enhance anaerobic metabolism leading to acidosis
and an increase in lactate concentration [26].
Despite a large number of studies looking at
the effect of catecholamines in critical care, there
1s a paucity of data on their effects on metabolism

www . cardiologyjournal.org

and organ function in the OHCA population. The
outcomes of the present study, and the first ones,
to show that catecholamines dose is related to the
derangement of biochemical parameters, reflecting
their potential adverse impact on metabolism and
organ function in the early course of PCAS. Shown
herein, that increased norepinephrine dose and cu-
mulative catecholamine dose were independently
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Figure 2. A. Association between cumulative catecholamines dose and lactate concentration on admission in the
study population; B. Association between cumulative catecholamines dose and lactate concentration 24 hours after
admission in the study population; C. Association between cumulative catecholamines dose and lactate concentra-
tion 48 hours after admission in study population; BP — blood pressure; ROSC — return of spontaneous circulation.

associated with increased lactate concentration
within the first 48 hours after OHCA, especially
in the non-survivor cohort.

Lactate has been established as the best
indicator of impaired tissue perfusion, oxygen
depletion, and anaerobic metabolism as well as
mortality predictor, becoming a fundamental part of

the monitoring of the critically ill patient [27-29].
Given the proven predictive value of lactate for or-
gan failure and for poor prognosis in OHCA, septic
shock, trauma and high-risk surgery, the relation-
ship revealed herein, between catecholamine dose
and lactate concentration after OHCA seems to be
of particular importance.
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Figure 3. A. Association between norepinephrine dose and neuronal specific enolase (NSE) concentration on admis-
sion in the study population; B. Association between norepinephrine dose and NSE concentration 24 hours after
admission in the study population.
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Figure 4. A. Association between cumulative catecholamines dose and neuronal specific enolase (NSE) concentration
on admission in the study population; B. Association between cumulative catecholamines dose and NSE concentra-
tion 24 hours after admission in the study population.
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Table 3. The association between catecholamine doses and lactate, neuronal specific enolase (NSE)
concentration in non-survivors in the Spearman correlation.

Correlations between catecholamines dose and lactate N pairs R P
concentration up to 72 h after admission

Lactate and norepinephrine dose on admission 36 0.407 0.01
Lactate and cumulative catecholamine dose on admission 63 0.487 0.02
Lactate and norepinephrine dose 24 h after admission 33 0.443 0.009
Lactate and cumulative catecholamine dose 24 h after admission 50 0.290 0.04
Lactate and norepinephrine dose 48 h after admission 22 0.530 0.01
Lactate and cumulative catecholamine dose 48 h after admission 41 0.491 0.001
Lactate and norepinephrine dose 72 h after admission 14 -0.166 0.56
Lactate and cumulative catecholamine dose 72 h after admission 39 -0.154 0.34
Correlations between catecholamines dose and NSE N pairs R p
concentration up to 72 h after admission

NSE and norepinephrine dose on admission 25 0.415 0.03
NSE and cumulative catecholamine dose on admission 36 0.465 0.03
NSE and norepinephrine dose 24 h after admission 20 0.442 0.03
NSE and cumulative catecholamine dose 24 h after admission 26 0.398 0.04
NSE and norepinephrine dose 48 h after admission 18 0.056 0.82
NSE and cumulative catecholamine dose 48 h after admission 26 0.140 0.49
NSE and norepinephrine dose 72 h after admission 9 0.066 0.86
NSE and cumulative catecholamine dose 72 h after admission 25 0.331 0.10

The present study has, for the first time, dem-
onstrated that catecholamines dose over the first
24 hours of PCAS correlates independently with
NSE concentration, with a particularly profound
correlation in the non-survivor cohort. Although
brain tissue perfusion and metabolism after OHCA
is poorly investigated, previous studies suggest that
brain circulation is, to some extent, independent
from systemic circulation [30, 31] with NSE con-
centration being acknowledged as the best indicator
for brain tissue injury and mortality predictor after
OHCA [1, 2]. Notably, only one previous study
tested the association between NSE concentration
and early goal-directed hemodynamic optimization,
aiming to improve one-year neurological outcome
after OHCA [32]. Similar to the current results,
research showed that hemodynamic optimization
with norepinephrine was related to higher NSE
concentration during the first 5 days after OHCA,
but with no late neurological consequences [32].
One-year neurologic outcomes however, do seem
to be quite a distant endpoint for an assessment of
the direct effect of catecholamines in the early and
intermediate course of PCAS. Further investiga-
tion is required to clarify whether this association
truly reflects an adverse effect of norepinephrine or

whether it simply reflects a wash out phenomenon
due to improved brain perfusion.

Finally, the present PSM findings suggest that
catecholamines dose might be especially relevant
for those with poor in-hospital prognosis after
OHCA. Exogenous catecholamines have never
been demonstrated to improve OHCA outcomes
and the need for high doses of vasopressors was
shown to be associated with increased mortality
early after resuscitation [1, 2, 4]. Notably, care of
patients after OHCA is time-sensitive, as most
post-resuscitation deaths occur during the first
72-96 hours after the event [1, 2, 20]. It is therefore
important to focus future studies on investigating
proper management in the early course of PCAS,
including type and dose of catecholamines.

Limitations of the study

The current study has several limitations. This
was an observational study with a limited sample
size, and thus, only a correlation can be reported,
rather than an inference of causation between
catecholamines dose and laboratory derangement.
Furthermore, data collection was limited to the first
72 hours after OHCA with catecholamines dose and
laboratory derangement assessed in selected time

954 www . cardiologyjournal.org



Katarzyna Czerwinska-Jelonkiewicz et al., Catecholamines and post-cardiac arrest syndrome

points only, providing only limited information on
the complex interplay between catecholamines,
hemodynamics and metabolism. Subsequently,
the association between catecholamines doses and
metabolic derangements were moderate in their
power and the role of potential factors driving the
use and dosage of catecholamines, including age,
initial rhythm, down time, time to ROSC, blood
pressure; though incorporated in the multivariable
analyzes, has to be emphasized. Finally, metabolic
derangements constituting only markers of default
metabolism and should not be treated as a direct
surrogate of organ failure.

Therefore, the noted association between
catecholamines dose, laboratory derangement and
mortality should be regarded as a starting point for
further investigation.

Conclusions

Increasing dose of catecholamines, admin-
istered early after OHCA, is related with higher
lactate and NSE concentration, which may sug-
gest their importance for impaired tissue oxygen
delivery, enhanced anaerobic metabolism and organ
function, especially in patients with poor in-hospital
prognosis.
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