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ABSTRACT

Introduction Vasoplegia is a common complication after
cardiac surgery and is associated with poor prognosis. It
is characterised by refractory hypotension despite normal
or even increased cardiac output. The pathophysiology is
complex and includes the systemic inflammatory response
caused by cardiopulmonary bypass (CPB) and surgical
trauma. Patients with end-stage heart failure (HF) are at
increased risk for developing vasoplegia. The CytoSorb
adsorber is a relatively new haemoadsorption device
which can remove circulating inflammatory mediators in
a concentration based manner. The CytoSorb-HF trial aims
to evaluate the efficacy of CytoSorb haemoadsorption

in limiting the systemic inflammatory response and
preventing postoperative vasoplegia in HF patients
undergoing cardiac surgery with CPB.

Methods and analysis This is an investigator-initiated,
single-centre, randomised, controlled clinical trial. In total
36 HF patients undergoing elective cardiac surgery with
an expected CPB duration of more than 120 min will be
randomised to receive CytoSorb haemoadsorption along
with standard surgical treatment or standard surgical
treatment alone. The primary endpoint is the change in
systemic vascular resistance index with phenylephrine
challenge after CPB. Secondary endpoints include
inflammatory markers, sublingual microcirculation
parameters and 30-day clinical indices. In addition, we
will assess the cost-effectiveness of using the CytoSorb
adsorber. Vascular reactivity in response to phenylephrine
challenge will be assessed after induction, after CPB and
on postoperative day 1. At the same time points, and
before induction and on postoperative day 4 (5 time points
in total), blood samples will be collected and the sublingual
microcirculation will be recorded. Study participants will
be followed up until day 30.

Ethics and dissemination The trial protocol was
approved by the Medical Ethical Committee of Leiden
The Hague Delft (METC LDD, registration number
P20.039). The results of the trial will be published in
peer-reviewed medical journals and through scientific
conferences.

Trial registration number NCT04812717.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first randomised controlled trial evaluat-
ing the efficacy of CytoSorb in preventing vasoplegia
in heart failure patients undergoing cardiac surgery
with cardiopulmonary bypass.

= Postoperative vasoplegia is associated with poor
outcomes highlighting the importance of new ther-
apeutic or preventive options for this complication.

= Except for the perfusionists, patients, clinicians and
non-clinician investigators involved in the trial will
be blinded for treatment allocation to minimise po-
tential bias.

= The effect of CytoSorb will be investigated also at
the microcirculatory level.

= The trial involves only one centre which might limit
the generalisability of the results.

INTRODUCTION
Vasoplegia is a common complication after
cardiac surgery with cardiopulmonary bypass
(CPB) with an incidence that ranges between
5% and 47%, depending on the population
being investigated and the definition used.'™
It is characterised by low systemic vascular
resistance (SVR) which results in severe hypo-
tension in the presence of normal or even
increased cardiac output (CO) and blunted
or no response to administration of vasopres-
sors.” The complication is associated with
increased morbidity and mortality rates and,
consequently, has important negative conse-
quences for patients and healthcare costs.*®
The precise aetiology of postoperative
vasoplegia is still unclear. However, different
mechanisms are thought to be involved.” The
combination of exposure of blood to the
foreign surfaces of CPB and surgical trauma
triggers a systemic inflammatory response,
which is considered a causative factor in the
development of vasoplegia. The sequential
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release of numerous inflammatory mediators leads to
the inactivation of vasoconstrictor mechanisms and the
concurrent activation of vasodilatory pathways that may
lead to systemic hypotension and subsequent potential
organ injury.

Patients with end-stage heart failure (HF) undergoing
cardiac surgery with CPB are known to be more suscep-
tible to vasoplegia than patients without HE.® More specif-
ically, left ventricular ejection fraction <35%-40% has
been reported to be an independent predictor of vaso-
plegia after cardiac surgery with CPB.' ¥ A pre-existing,
increased inflammatory profile along with the compensa-
tory chronic activation of the sympathetic nervous system
and the renin-angiotensin-aldosterone system may be
responsible for the development of postoperative vaso-
plegia in HF patients.'*™"?

Recently, we demonstrated in the VASOR study
performed at our institution' that HF patients exhibit
a diminished vascular responsiveness to the administra-
tion of phenylephrine (o -agonist) already before surgery
compared with patients without HF. Further, we showed
that the vascular responsiveness is almost completely abol-
ished in HF patients after the use of CPB. We speculate that
the results of this study reflect a possible downregulation
and/or desensitisation of vascular o -adrenoreceptors
due to chronic endogenous adrenergic stimulation in
HF patients, as it has already been documented for [3 -
adrenoreceptors and B2-adrenoreceptors.14 We hypothe-
sise that this reduced vascular responsiveness may render
HF patients more sensitive to the systemic inflammatory
response during cardiac surgery. Thus, minimalising the
systemic inflammatory response could be a treatment
strategy to mitigate vasoplegia in this patient population.

The CytoSorb adsorber (CytoSorbents Corporation,
New Jersey, USA) is a haemoadsorption device that was
approved for use in Europe in 2011. It is a single-use
device that contains polymer beads that adsorb cytokines
as blood passes through the device. The use of the device
has already been tested in multiple studies which report
its safety and efficacy in cytokine reduction and, conse-
quently, inflammation reduction."”™” However, until
the time this protocol was written, no studies had been
conducted to assess the efficacy of the use of CytoSorb in
HF patients undergoing cardiac surgery.

Trial objectives
Primary objective: to evaluate the efficacy of CytoSorb use
in HF patients undergoing cardiac surgery in improving
vascular responsiveness after CPB and, consequently, in
preventing postoperative vasoplegia.
Secondary objectives:
» To investigate the performance of the device in
reducing inflammatory mediators.
» To investigate the performance of the device in
improving clinical outcomes.
» To investigate the performance of the device in
improving microcirculation.

» To investigate the cost-effectiveness of using the
device.

METHODS AND ANALYSIS

The trial protocol is written in accordance with the ‘Stan-
dard Protocol Items: Recommendations for Interven-
tional Trials’ checklist'® (online supplemental file 1).

Trial design and study setting

This is an investigator-initiated, single-centre, randomised
controlled clinical trial in patients with HF who undergo
cardiac surgery with CPB. The trial will be conducted at
Leiden University Medical Center (LUMC).

Trial population

Patients with HF planned for cardiac surgery with CPB
with an anticipated duration of at least 120min will be
considered for participation in the trial. Detailed inclu-
sion and exclusion criteria are given below.

Inclusion criteria

» Diagnosed with HF in line with the European Society
of Cardiology guidelines."

» Left ventricular ejection fraction <35%.

» Undergoing cardiac surgery with CPB with an antici-
pated duration of >120 min.

» Age >18 years.

Exclusion criteria

» Mentally incapacitated.

» Emergency operation.

» Need for preoperative vasopressor support and/or
moderate or high dosages of intravenous inotropic
support (>4 gamma dobutamine or dopamine).
Severe tricuspid regurgitation.

Daily use of nitroglycerine or isosorbide dinitrate.
Use of alpha blockers.

Being heparin-induced thrombocytopenia positive
and citrate regional anticoagulation is unavailable as
an alternative anticoagulation method.

» Platelet count <20 x 10°/L.

vvyyvyy

Randomisation and blinding

Patients will be randomised to receive either CytoSorb
haemoadsorption along with standard surgical treatment
(intervention) or standard surgical treatment without
CytoSorb (control) in a 1:1 ratio, using block randomi-
sation with random block sizes of 4 and 6. Randomisa-
tion will be performed in Castor EDC (Amsterdam,the
Netherlands) by the responsible perfusionist (JDVH).
Castor uses a validated random block randomisation
model which ensures true randomness during the allo-
cation procedure. Patients, clinicians (surgeons, anaes-
thesiologists and other practitioners) and non-clinician
investigators will be blinded to treatment allocation until
after statistical analysis. Perfusionists will hide the Cyto-
Sorb device (or the absence of it) from the sight of the
surgeons and anaesthesiologists. Therefore, blinding
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Figure 1 CytoSorb integration in the cardiopulmonary
bypass system.

of perfusionists during CytoSorb use is not feasible. No
sham device will be used.

Anaesthetics and haemodynamic monitoring

A standardised anaesthetic protocol will be used. Patients
will be given propofol, remifentanil and sufentanyl using
target-controlled infusion. Administration of ketamine
and sevoflurane is not allowed. For measurement of
change in systemic vascular resistance index (delta
SVRi), the main study parameter, all patients will receive
a pulmonary artery catheter. The catheter will be placed
after induction and will be connected to a HemoSphere
advanced monitoring system (Edwards LifeSciences,
Irvine, California, USA).

Intervention

The CytoSorb device will be incorporated as a parallel
shunt off of the main CPB system by perfusionists trained
in the use of the device (figure 1).

Study time points and procedures

Vascular reactivity in response to phenylephrine chal-
lenge will be assessed in all trial participants after induc-
tion, after termination of CPB and on postoperative day
1. Taking of blood samples and assessment of sublingual
microcirculation will be at the same time points and, addi-
tionally, before induction and on postoperative day 4 (5
time points in total). Clinical outcomes will be collected
until postoperative day 30. The trial schedule can be
found in figure 2.

Phenylephrine challenge

A bolus of 2pg/kg phenylephrine will be given intrave-
nously (same protocol as in the VASOR study) to measure
its effect on SVRi, mean arterial pressure (MAP) and other

haemodynamic parameters. When the treating physician
decides that it is unsafe for the patient to administer a
vasoconstrictor, the challenge will not be performed.

Blood samples

At each time point, blood samples will be collected into
two tubes of 10mL to analyse the inflammatory markers
interleukin (IL)-6, IL-8 and IL-10. The samples will be
centrifuged (1550g, 10min, 4°C) and the plasma and
serum will be stored at -80°C until analysis. Additional
blood analysis other than prespecified may be planned
based on the findings of this study.

Sublingual microcirculation

Sublingual microcirculation measurements will be
performed using incident dark field imaging (Cytocam,
Braedius Medical, Huizen, The Netherlands). On each
time point, three image sequences at three different
sublingual spots will be recorded per patient by two
trained professionals. Each video clip of the microcir-
culatory flow will be assessed for adequate quality using
the microcirculation image quality score proposed by
Massey and Shapiro.”” The completely automated Micro-
Tools Software and the semi-automated Automated
Vascular Analysis software V.3.2 (MicroVision Medical,
Amsterdam, the Netherlands) will be used to obtain the
microcirculatory parameters.”’ * The mean of the three
measurements per spot will be noted.

Study parameters

Primary endpoints

» Delta SVRi with phenylephrine challenge (defined as
the SVRi after phenylephrine administration minus
the SVRi before the challenge) after CPB.

» The occurrence of vasoplegia, defined as the contin-
uous need of vasopressors (norepinephrine >0.2pg/
kg/min and/or terlipressin (any dose)) combined
with a cardiac index (CI) >2.2 L/rnin/m2 for at least
12 consecutive hours, starting within the first 3 days
postoperatively.

Secondary endpoints

» Delta SVRi with phenylephrine challenge on postop-
erative day 1.

» Total administered dosage of vasopressors.

» Change in interleukin IL-6, IL-8, IL-10 levels.

» Change in sublingual microcirculation parameters
(microvascular flow index (MFI), capillary density,
functional capillary density, total vessel density,
proportion of perfused vessels, perfused vessel density,
rolling leucocytes, mean cell velocity, capillary haema-
tocrit, red blood cell velocity, heterogeneity index
(calculated as the difference between the highest MFI
minus the lowest MFI and divided by the mean MFI)).

» Change in MAP with phenylephrine challenge after
CPB and on postoperative day 1.

» Hours on mechanical ventilation.

» Hours on mechanical circulatory support.

» Hours on postoperative renal replacement therapy.
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STUDY PERIOD

Enrolment

Post-allocation

Day before
surgery

Pre visit

Day 0 POD1 | POD4 | POD 30

TIMEPOINT**

Pre
induction

Post Post
induction CPB CPB

ENROLMENT:

Eligibility screen X X

Informed consent X

Randomization X

INTERVENTION:

CytoSorb

ASSESSMENTS:

SVRi
(Phenylephrine
challenge)

Inflammatory
markers
(Blood sampling)

Microcirculatory
parameters
(Sublingual

microcirculation)

Baseline variables X

Routine blood
values

*

E 2

Haemodynamic
parameters

»

R 2

*»

Clinical data

L 2

Figure 2 Trial schedule. CPB, cardiopulmonary bypass; day 0, day of surgery; POD 1, postoperative day 1; POD 4,
postoperative day 4; POD 30, postoperative day 30; SVRI, systemic vascular resistance index. Haemodynamic parameters will

be registered until discharge from the Intensive Care.

v

End organ damage (kidney dysfunction).

v

score.
Amount of used blood transfusion products.
Amount of used resuscitation fluids.

Length of intensive care unit (ICU) stay.
Length of hospital stay.

30-day hospital readmissions.

All-cause mortality.

vyVYyVYVYYVYY

Main cost-effectiveness parameters

» Total administered dosage of vasopressors.
» Amount of used blood transfusion products.
» Amount of used resuscitation fluids.

» Duration of surgery.

Change in total Sequential Organ Failure Assessment

» Length of ICU stay.
» Length of hospital stay.

Other study parameters

Other parameters include baseline characteristics (eg,
age, gender, EuroSCORE, comorbidity, medication),
routine perioperative blood values, other haemodynamic
and oxygenation parameters (ie, central venous pres-
sure, MAP, CI, heart rate, stroke volume, right ventricular
ejection fraction, mixed venous oxygen saturation, tissue
oxygen saturation), CPB and cross-clamp time.

Sample size calculation
The primary endpoint is delta SVRi with phenyleph-
rine challenge after CPB. A sample size of 17 patients in

=Y
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each treatment group will have 90% power to detect a
difference in means of 400dyn s/cm’ assuming that the
common SD is 350dyn s/cm’® and when using a 0.05
two-sided significance level. To compensate for possible
loss of data due to failing of the vasoconstriction test, one
extra patient will be included in each group, resulting in
a total sample size of 36 patients.

Statistical analysis

The intention-to-treat principle will be applied in all
analyses. No missing outcome data will be imputed. All
analyses will be performed using IBM SPSS Statistics for
Windows, V.25.0 (IBM Corp, Armonk, New York, USA).
A p value <0.05will be considered statistically significant
(two-sided).

Primary and secondary efficacy analysis

For comparison of primary and secondary continuous
endpoints, the Student’s t-test for independent samples
or the Mann-Whitney U test will be used, where appro-
priate. For discontinuous endpoints, the Pearson % test
or the Fisher’s exact test will be used, where appropriate.
Longitudinal data will be analysed using the linear mixed-
effects model approach.

Cost-effectiveness analysis

A cost analysis will be performed, estimating costs during
the index hospitalisation in the LUMC. Costs will include
the CytoSorb use, vasopressor medication, blood trans-
fusion products, amount of used resuscitation fluids,
duration of surgery, ICU stay and non-ICU hospital stay.
The CytoSorb device and medication will be valued using
market prices. For other healthcare, reference prices will
be used from the Dutch guidelines for economic evalua-
tions in healthcare. Also, a cost-effectiveness analysis will
be performed relating CytoSorb use costs to the occur-
rence of postoperative vasoplegia (‘costs per prevented
patient with vasoplegia’).

Patient and public involvement

Patients and the public are not involved in the trial,
including the trial design, conduct, evaluation and
dissemination.

ETHICS AND DISSEMINATION

The current trial protocol was approved by the Medical
Ethical Committee Leiden The Hague Delft (in Dutch:
Medisch Ethische Toetsingscommissie Leiden Den Haag
Delft (METC LDD), registration number P20.039). The
initial trial protocol was approved on 27 November 2020.
Prior to patient enrolment, the protocol was amended
to include the sublingual microcirculation measure-
ments and version 2.0 was approved by the METC
LDD on 13 August 2021. The trial will be conducted in
agreement with the Declaration of Helsinki (October
2013) and in accordance with the Medical Research
Involving Human Subjects Act (in Dutch: Wet medisch-
wetenschappelijk onderzoek met mensen (WMO)) and

Good Clinical Practice. Subsequent protocol amend-
ments will be submitted to the METC LDD and registered
on ClinicalTrial.gov. The LUMC has a liability insurance
and, in addition, a medical research subject insurance
which are both in accordance with the WMO.

Recruitment and consent

Eligible patients will receive oral and written informa-
tion about the trial and will be given at least 24 hours
for consideration (online supplemental file 2). Partic-
ipation will be voluntary and written informed consent
will be obtained the day before surgery by the Principal
Investigator (MP) or the operating surgeon. Study partic-
ipants can withdraw their consent at any time and without
any consequences. Individuals that withdraw before data
collection has started, will be replaced.

Data management

Handling of data complies with the General Data Protec-
tion Regulation (in Dutch: Algemene verordening
gegevensbescherming). Data collection will be pseudony-
mised and the code key will be stored on a secured server
from the LUMC that is backed up daily. Trial data will
be stored and maintained in a database created in Castor
EDC. Castor EDC complies with ICH E6 (R2) on Good
Clinical Practice. Everyone involved in the trial will have
authorised access to the data with own accounts and user
rights. Reading rights will be allowed to persons carrying
out data quality inspections. Data monitoring is provided
throughout the study period by independent monitors of
the department of Good Research Practice of the LUMC.

Safety monitoring and adverse events

A Data Safety Monitoring Board was not deemed neces-
sary since this is a clinical trial evaluating a CE-marked
medical device in the intended patient population and
without known device-related complications. Serious
adverse events (SAEs) will be reported through the web
portal ToetsingOnline to the METC LDD within 7 days
after the responsible investigator has first knowledge
of the SAE. Adverse events and protocol deviations will
be recorded. The Principal Investigator will submit a
summary of the trial status, including SAE reports, to the
METC LDD once a year.

Dissemination

The results of this trial will be published in peer-reviewed
medical journals and presented at scientific conferences.
Deidentified (including patient codes) trial datasets will
be made available from the Principal Investigator on
reasonable request. A data transfer agreement between
the LUMC and the receiving institution will cover the
transfer of the data.

Trial status

The first patient was enrolled in the trial on 27 October
2021. Study enrolment is currently limited due to the
COVID-19 pandemic. Under normal circumstances, the
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recruitment rate is expected to be approximately two
patients per month.

DISCUSSION

Vasoplegia is a serious complication after cardiac surgery
in patients with end-stage HF. In recent retrospec-
tive studies at our institution, vasoplegia occurred in
19%—-23% of HF patients undergoing cardiac surgery
with CPB, depending on the (sub)population studied,
and was a significant contributor to mortality.” The
increasing prevalence of end-stage HF and the advent of
more surgical options for this patient population high-
light the importance of developing new strategies for the
prevention or treatment of this postoperative complica-
tion. The CytoSorb adsorber, a haemoadsorption device
capable of removing circulating inflammatory mediators,
has shown promising results in a variety of patient popu-
lations. However, up until this study protocol was written,
no study existed that had tested the efficacy of CytoSorb
use in end-stage HF patients undergoing cardiac surgery
with CPB. Therefore, with this randomised controlled
clinical trial we aim to investigate the efficacy and cost-
effectiveness of CytoSorb use in preventing vasoplegia
and improving clinical outcomes in this fragile patient
population.
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