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ABSTRACT
Introduction: There is a lack of evidence in the
efficacy of the coupled plasma filtration adsorption
(CPFA) to reduce the mortality rate in septic shock.
To fill this gap, we have designed the ROMPA study
(Mortality Reduction in Septic Shock by Plasma
Adsorption) to confirm whether treatment with an
adequate dose of treated plasma by CPFA could confer
a clinical benefit.
Methods and analysis: Our study is a multicentric
randomised clinical trial with a 28-day and 90-day
follow-up and allocation ratio 1:1. Its aim is to clarify
whether the application of high doses of CPFA (treated
plasma ≥0.20 L/kg/day) in the first 3 days after
randomisation, in addition to the current clinical
practice, is able to reduce hospital mortality in patients
with septic shock in intensive care units (ICUs) at 28
and 90 days after initiation of the therapy. The study
will be performed in 10 ICUs in the Southeast of Spain
which follow the same protocol in this disease (based
on the Surviving Sepsis Campaign). Our trial is
designed to be able to demonstrate an absolute
mortality reduction of 20% (α=0.05; 1−β=0.8; n=190
(95×2)). The severity of the process, ensuring the
recruitment of patients with a high probability of death
(50% in the control group), will be achieved through
an adequate stratification by using both severity scores
and classical definitions of severe sepsis/septic shock
and dynamic parameters. Our centres are fully aware of
the many pitfalls associated with previous medical
device trials. Trying to reduce these problems, we have
developed a training programme to improve the CPFA
use (especially clotting problems).
Ethics and dissemination: The protocol was
approved by the Ethics Committees of all the
participant centres. The findings of the trial will be
disseminated through peer-reviewed journals, as well
as national and international conference presentations.
Trial registration number: NCT02357433;
Pre-results.

INTRODUCTION
Sepsis is a clinical syndrome characterised by
systemic inflammation due to infection.1

Experimental studies show that infusion of
bacterial products leads to rapid systemic
release of an array of proinflammatory media-
tors.2 These mediators are thought to play a
role in consequent organ injury or death.
Although initially much of the interest in
sepsis focused on the proinflammatory
response or single inflammatory mediators,3–6

it is now clear that infection often triggers a
complex, variable and prolonged host
response.7 8 While both proinflammatory and
anti-inflammatory mechanisms can contribute
to the resolution of infection and tissue recov-
ery, an inappropriate response consisting of an
excess (or deficiency) of mediators, inappro-
priate timing or location can lead to organ
injury and secondary infections.
Sepsis is still a leading cause of mortality in

intensive care unit (ICU) patients with a
mortality rate of severe sepsis and septic
shock ranging from 20% to 50%.9 The
Surviving Sepsis Campaign, an international
consortium of professional societies involved
in critical care, treatment of infectious dis-
eases and emergency medicine, recently
issued the third edition of the clinical guide-
lines for the management of severe sepsis
and septic shock.10 However, despite the
high prevalence, there is still no consensus
on the concise definition and poor evidence
for many therapeutic strategies.11–14

One of the great disappointments during
the past 30 years has been the failure to
apply advances in our understanding of the
biological features of sepsis into effective new
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therapies. Many reasons have been proposed for the
numerous failed therapeutic approaches and clinical
trials. These include inappropriate targets, targeting spe-
cific molecules that are part of redundant pathways,
inappropriate timing and incorrect translation of over-
simplified animal models to the more complex condi-
tions and timing of human sepsis. In addition, many
trials have been strongly criticised for incorrect trial
design or execution.13

Theoretically, extracorporeal therapies can be used to
remove septic mediators from the bloodstream of critic-
ally ill patients.14 15 In practice, however, inflammatory
mediators are often poorly removed by conventional dif-
fusion or convection due to the large molecular weight
or biophysical size of many cytokines. Even with very
high filtration volumes, many cytokines are not able to
pass through the pores of commonly used filters.16

Additionally, use of high-permeable membranes or
excess filtration can be associated with loss of albumin
and other physiological proteins and components. A
recent systemic review found that there was no evidence
for clinical benefit of high-volume haemofiltration for
sepsis.17

Over the past several years, there has been an
increased interest in the use of adsorption to aid in the
removal of mediators during extracorporeal thera-
pies.14 15 This can be done by adsorption to a mem-
brane during passage of blood through a haemofilter
(haemoperfusion), where mediators are adsorbed to the
membrane surface; or by adsorption with a cartridge
containing resin in either haemoperfusion or plasma
perfusion. Although adsorptive techniques have been
used for nearly 50 years, there is a relative lack of data
regarding clinical efficacy for conditions such as sepsis.
Coupled plasma filtration adsorption (CPFA) has been

proposed as one method to non-specifically remove
both proinflammatory and anti-inflammatory media-
tors.18 19 This technique consists of a combination of
filters and a resin cartridge to remove a number of dif-
ferent cytokines including tumour necrosis factor-α,
interleukin (IL)-6 and IL-10, while simultaneously pro-
viding continuous renal replacement therapy (CRRT)
for renal/fluid support. The entire CPFA process can be
divided into four phases: (1) the partial separation of
plasma from whole blood by a plasma filter; (2) the
removal of sepsis mediators by a cartridge-containing
miniature spheres of a synthetic hydrophobic resin; (3)
reinfusion of the purified plasma before the haemofilter
and finally (4) haemofiltration (figures 1 and 2).
CPFA was first used in the late 1990s with subsequent

publications of several small observational clinical
reports and case studies.20–26 A few years ago, a large
randomised multicentre controlled trial was performed
by a group of Italian intensive care physicians, GiViTI,
but the trial was stopped for futility.27 Factors leading to
early stopping were extensively analysed by the investiga-
tors and focused primarily on technical problems and
the inability to achieve an appropriate dose of treated

plasma. Nearly 50% of the patients did not achieve the
target goal of 10 hours of treatment/day. In a per proto-
col analysis, the COMPACT I patients treated with CPFA
with a dose of treated plasma superior to 0.20 L/kg/day
showed a reduction in the mortality rate compared with
control patients or those who received a lesser dose of
treated plasma. Although this was an interesting finding,
it is necessary to carry out a randomised clinical trial to
confirm whether treatment with an adequate dose of
treated plasma by CPFA could confer a clinical benefit.
The aim of the ROMPA study (Reduccion de la

Mortalidad Mediante Plasma-Adsorción en Shock
séptico—Mortality Reduction in Septic Shock by Plasma
Adsorption) is to clarify whether the application of high
doses of CPFA in addition to the current clinical prac-
tice is able to reduce hospital mortality in patients with
septic shock in ICUs.

Primary and secondary outcomes
Primary outcome: The main objective is to assess whether
the treatment of septic shock associated with standard
clinical practice, with the addition of CPFA at high doses

Figure 1 AMPLYA system from Bellco Societa

unipersonales a r.l. The resin cartridge and plasma filter are in

position and ready for use. The copyright holder (Bellco) has

approved the usage of this figure.
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(treated plasma volume equal or superior to 0.2 L/kg/day),
is able to reduce hospital mortality of patients with septic
shock at 28 and 90 days after initiation of therapy.
Secondary outcome: Resolution time of septic shock,

expressed in terms of normalisation of plasma lactate,
weaning from vasoactive medications and reduction of
ICU length of stay (expressed as number of days without
septic shock) on the intervention group compared with
the control group.

METHODS
Setting and participants
The study will be performed in 10 ICUs, in the
Southeast of Spain, that follow the same protocol in the
treatment of septic shock, based on the recommenda-
tions of the Surviving Sepsis Campaign with the partici-
pation of the following centres: Vega Baja Hospital of
Orihuela, General University Santa Lucía Hospital of
Cartagena, University Hospital of San Juan de Alicante,
Lluís Alcanyís Hospital of Xàtiva, Marina Baixa Hospital
of Villajoyosa, General University Hospital of Alicante,
La Plana Hospital of Villarreal, Francesc de Borja
Hospital of Gandía, Vinalopó University Hospital of
Elche and University Hospital of Torrevieja.
The ROMPA study is a multicentric, randomised, pro-

spective, open clinical trial with a 28-day and 90-day
follow-up and allocation ratio 1:1, assessing the mortality
reduction by CPFA in patients with septic shock.
Each centre must obtain technical proficiency with

the machine and CPFA treatment before they can
become ‘activated’ for enrolment by the investigator
monitoring team. This was done to avoid similar pro-
blems as those reported for COMPACT I, and also
because CPFA is not routinely done in Spain and there
is a new generation machine now used for CPFA with
improved anticoagulation support.

Participants and sample size
Patients aged ≥18 years admitted to the ICU of the par-
ticipant hospitals with a diagnosis of septic shock can be
included in the study. Definition of septic shock is: docu-
mented or probable infection with systemic manifesta-
tions, accompanied by signs of organ dysfunction or
tissue hypoperfusion and with persistent hypotension
despite adequate fluid resuscitation (at least 30 mL/kg
of crystalloid), in the absence of other causes of
hypotension.
Moreover, the inclusion criteria comprise: (1) identifi-

cation of the source of infection in the first 12 hours of
diagnosis; (2) severity of clinical situation, defined by
Acute Physiology and Chronic. Health Evaluation
(APACHE) II score, which must be between 20 and 37
points; (3) the time between septic shock diagnosis and
randomisation is 12 hours maximum. The choice of
timing to start was based on previous experience from
the COMPACT study and actual clinical use of routine
users (data provided by manufacturer). We think,
however, that an early start is better for the patient to
avoid further amplification of the inflammatory
cascade.
The probability of death in this population in the

internal experience of the participating centres is about
50%. We have a higher mortality than what is typically
reported in recent literature due to a high percentage
of abdominal surgical patients. The observation of a
high mortality rate in patients with septic shock from
abdominal origin is a classic finding in the scientific
papers.28 The European and North American experi-
ence of intra-abdominal sepsis is similar, with reported
mortality rates for this condition ranging between 30%
and 60%. Irrespective of the surgical strategies
employed, laparotomy in the critically ill is associated
with significant morbidity and mortality, the incidence
of which increases with each relaparotomy.29

Figure 2 Schematic representation of the CPFA circuit. The extracorporeal circuit consisting of a plasma filter (A), a resin

cartridge (B) and a high-flux dialyser (C). Blood pass through a plasma filter, extracted plasma is purified by adsorption on a resin

cartridge and the reconstituted blood (●) flows through a high-permeability haemofilter, in which convective exchanges are

realised in a postdilution mode (substitution). The copyright holder (Bellco) has approved the usage of this figure. CPFA, coupled

plasma filtration adsorption; UF, ultrafiltrate.
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Finally, we will exclude: (1) patients under the age of
18 years; (2) pregnant patients; (3) patients with path-
ologies for which expected survival is <90 days (we
analyse the mortality at 28 and 90 days. So we thought
that it makes sense to exclude patients with comorbid-
ities involving a life expectancy less than that period of
time. In any case, this prognosis would not be set by the
ICU team but by the respective medical teams treating
these pathologies); (4) presence of contraindications
(absolute or relative) to extrarenal depuration techni-
ques and (5) lack of informed consent.
We plan to enrol 190 patients with a diagnosis of

septic shock in order to demonstrate a reduction in mor-
tality of 20% (similar to that of a subgroup of
COMPACT I patients in which the volumes of treated
plasma reach a level of at least 0.20 L/kg/day) with an α
of 0.05 and a power of the contrast of 80%.30 Our
working hypothesis is based on COMPACT I observation
in which in an intention-to-treat analysis there was no
statistical difference in hospital mortality (47.3%, con-
trols; 45.1%, CPFA; p=0.76), but in a subgroup analysis,
patients who could get a dose of treated plasma superior
than 0.20 L/ kg/day had a lower mortality compared
with controls (OR=0.36, 95% CI 0.13 to 0.99).27 The
limit of this per protocol analysis are evident (definition
for the per protocol analysis was based on characteristics
measured after randomisation, the subgroup allocation
may have been influenced by the outcome, etc). In con-
sequence, our objective is to test this hypothesis in a clin-
ical trial with enough power and potency.
Retrospective analysis of the clinical activity of the ICU

involved in the previous year allowed us to expect a total
admission of 300 cases per year in all participating hos-
pitals. Since only one-third of these patients are likely to
meet the inclusion/exclusion requirements, we could
complete the clinical trial within 2 years. The recruit-
ment period is preset between March 2015 and March
2017.
Given the characteristics of the study population, with

expectations of a long hospital stay (at best) and conse-
quence (comorbidity), which also determine the need
for the patients to remain in contact with the hospital
system, we do not expect losses to follow-up at 28 and
90 days.

Interventions
The patient is considered registered once the informed
consent form has been obtained by the patient or legal
representative. The recruitment process ends with the
patient randomisation.
Patients will be divided randomly into two arms

(control and intervention).
ROMPA has a stratified randomisation based on

gender, age (≤65 or >65 years) and Simplified Acute
Physiology Score (SAPS) III score (<50 or ≥51).
The characteristics of the groups are:
Control group: Treatment following the suggestions pro-

vided by the recent surviving sepsis guidelines, as well as

standard care guidelines typically followed in Spain.
CRRT, continuous veno-venous haemofiltration for both
renal (such as acute kidney injury) or non-renal (such
as fluid overload) are permitted in both trial arms if
these are routinely used. We will not permit the intro-
duction of non-routine extracorporeal or pharmaceut-
ical agents for sepsis during the study to avoid
confounding factors.
Intervention group: Same protocol plus high doses of

CPFA in the first 3 days after randomisation. Once the
patient is placed in the CPFA group, he/she will receive
treatment with CPFA immediately. The treatment time
will be necessary to achieve the treated plasma dose of
0.2 L/kg/day. Patients will receive a minimum of three
sessions and a maximum of five. Regarding the 3-day
duration of CPFA, this was also suggested by the manu-
facturer as the typical shorter usage of CPFA. It is pos-
sible for the physician to use CPFA for a longer period if
necessary.
The scheme of the trial is displayed in figure 3.

Variables and measurements
The primary outcome is all-cause mortality assessed at
28 and 90 days from the recruitment of the patient.
Moreover, at the descriptive level and in order to check
the homogeneity of both groups, the following variables
will be collected at the time of recruitment: birth year,
gender, height, dry weight, body temperature, heart
rate, blood pressure, count blood cell, coagulation
values (prothrombin time, activated partial thromboplas-
tin time, international normalised ratio), glucose level,
plasma creatinine, bilirubinaemia, plasma C reactive
protein, procalcitonin level, blood gas analysis, lactate,
urinary output (mL/kg/hours), arterial oxygen
tension/fractional inspired oxygen ratio. APACHE II,
Sequential Organ Failure Assessment (SOFA) and
SAPSIII scores.
Finally, for surviving patients, the following variables

will be obtained at a descriptive level: length of stay in
ICU (days), normalising times for lactate levels and vaso-
active support suspension expressed in hours.

Statistical analysis
The descriptive analysis will be performed using means
and SDs for quantitative variables and absolute and rela-
tive frequencies for qualitative variables. To verify the
homogeneity of both groups, χ2 (Pearson or Fisher) and
t-test will be used. To determine the benefit of our inter-
vention, the clinical relevance indicators will be calcu-
lated: relative risk, absolute risk reduction, relative risk
reduction, number needed to treat.
All analyses will be performed with a significance of

5% and the associated CI of each relevant parameter
will be calculated. The statistical software used will be
the IBM SPSS Statistics V.22.
The entire analysis will be undertaken with ‘the

intention-to-treat’ principle, even though we have fore-
seen a ‘by protocol’ analysis. Only patients who have
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received at least the minimum established doses of CPFA
treatment in the experimental arm will be evaluated.
The ‘by protocol’ analysis will include the fulfilment

of the following requirements: (1) at least three CPFA
sessions; (2) total volume of treated plasma >0.2 L/kg
day in a minimum of 66% of total sessions; (3) total
volume of treated plasma throughout the total number of
sessions, once divided by the number of sessions, should
result in a mean treated plasma of ≥0.18 L/kg/day.

DISCUSSION
The present study should hopefully confirm the hypoth-
esis showed by ‘per protocol’ analysis of the COMPACT I

study and provide answers about the efficacy of early
(<12 hours from diagnosis) high-dose CPFA treatment in
patients with septic shock.
All-cause mortality is an adequate and unavoidable

target in a clinical trial like ours, where we expect a mor-
tality rate of about 50% in the control group. The ques-
tion, however, remains as to what time point to use to
verify a treatment effect, and how to reveal whether an
improved survival from treatment can be distinguished
from the high background mortality (and often wide
range of serious comorbidities) in the critically ill
patient with septic shock. Our study analyses mortality at
28 and 90 days.
Twenty-eight day mortality has been used as a main

objective in most of the relevant trials in severe sepsis
from 1991 to 2009.31 Patients with sepsis are classically
considered to be patients who have a high risk of
morbid complications and death. This is in large part
owing to the organ dysfunction caused by sepsis, and
the attendant complications of treating the organ dys-
function.32 The corollary of this situation in terms of
mortality is that hospital mortality may be higher than
28-day mortality but is most likely lower than 90-day
mortality.33

For this reason, analysis of mortality at 90 days has to
be considered as essential to assess the clinical impact of
a new therapeutic measure in septic shock treatment.
Mortality with sepsis, particularly related to treating
organ dysfunction, remains a priority for clinicians
worldwide and deserves greater public health attention.
A source of potential weakness in the study design is

the expected high mortality in the control group. We
acknowledge that this can vary widely. A recent
meta-analysis showed mortality rates in the control arms,
ranging from 17% to 61%, which impacted the results,
resulting in a benefit in the studies with the highest
rates.34 We expect that our trial should be able to recruit
only patients with high mortality risks based on previous
patient data from our centres. We will try to meet this
objective through an adequate stratification by using
both severity scores and classical definitions of severe
sepsis/septic shock (that by themselves have all clearly
failed to this end) and dynamic parameters, that is, per-
sistence and/or worsening signs of hypoperfusion after
adequate infection source control, goal-directed fluid
therapy and vasopressor infusion.
The so-called secondary objectives (average stay, time

to resolution of septic shock), but with an undoubted
clinical interest, should help to shape the theoretical
advantages of this technique.

Why do we think we can carry out this test?
All ICUs participating in this project have extensive
experience in using CRRT techniques in critically ill
patients. The investigators are fully aware of the chal-
lenge of treating patients with septic shock, and have
particular experience in the treatment of septic shock
due to an abdominal origin (the main type of patient

Figure 3 Study diagram. This shows the general study

design and includes: (1) registration: the patient is considered

‘enrolled’ once informed consent has been obtained.

(2) Recruitment phase: must occur within the first 12 hours of

septic shock diagnosis. (3) Randomisation: group A (CPFA)

or group B (control). (4) Statistical evaluations: at the end of

the study and after follow-up. ARF, acute renal failure; CPFA,

coupled plasma filtration adsorption; CVVH, continuous

veno-venous haemofiltration.
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treated for septic shock in our centres). The high mor-
tality of this group consumes a huge amount of
resources and has generated awareness of the need for
efficacy studies. This is coupled with a strong commit-
ment from the investigators to address this issue.
In addition, our centres are fully aware of the many pit-

falls associated with previous medical device trials for
extracorporeal therapies. In particular, there have been
many discussions centred on whether investigators and
nursing staff from previous failed/negative trials were
fully familiar and trained in using the technique and asso-
ciated support (anticoagulation, vascular access, etc). As
an example, the first large randomised CPFA trial,
COMPACT I, had a complication rate of anticoagulation
or other technical issues in nearly 50% of the patients.27

To overcome these hurdles, we have taken several
steps to address the issue of familiarity with the tech-
nique. These include:
▸ Practical hands-on workshops and intensive training for

CPFA in each participating hospital. In these work-
shops, doctors and nurses have perfected their knowl-
edge and skills in the art. In particular, we have put a
lot of emphasis in including our nursing and technical
professionals in the study design and execution.
Clotting problems have to be taken into account in
order to really be able to evaluate the efficacy of CPFA.
Clotting was a major issue in the first COMPACT
study.27 All investigators and staff in our study under-
went a very extensive training programme for use of the
machine (AMPLYA and the CPFA technique). This was
one of the reasons that we had a relatively slow start for
enrolment, as it was mandatory for the centre to
become experienced before starting enrolment.
Clotting can be due to many factors including: patient-
related factors, inappropriate anticoagulation choice or
lack of anticoagulation monitoring, and machine
alarms/problems. We have increased awareness of all
these issues. So far in our study, we have not had signifi-
cant problems related to clotting.

▸ Requirement of successful completion of at least two
cycles of CPFA treatments, for patients similar to
those with the inclusion requirements, before the
centre will receive the authorisation to officially start
the trial and have access to the randomisation portal.

▸ Formation of an intranetwork 24/7 support group
among the investigators. Investigators are able to call
a core team (from the investigators’ team) to help in
treatment or patient issues.

▸ Participating centres meet on a quarterly basis to
monitor trial progress and share incidents that have
occurred during the study.

DISSEMINATION
Consent or assent
The consent form acknowledges the participants will
accept or decline participation in the ROMPA clinical trial.
The request for the signing of this document is always a
function of accredited doctors to participate in the trial.

Confidentiality
All participants’ personal information will be encrypted
with the objective of keeping personal data on condition
of anonymity.

Ancillary and post-trial care
Any side effects, which could have been produced while
participating in the trial, can be assisted on through the
specific insurance policy (HDI Hannover International,
policy number 130/002/001903) related to the trial
procedures.

Dissemination policy
The findings of the trial will be disseminated through
peer-reviewed journals, as well as national and inter-
national conference presentations.
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