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Abstract 

Purpose:  This study aimed at evaluating the efficacy and safety of high-dose (> 0.2 L/kg of treated plasma per day) 
coupled plasma filtration-adsorption (CPFA) in treating patients with septic shock.

Methods:  Multicentre, randomised, adaptive trial, performed in 12 Italian intensive care units (ICUs). Patients aged 14 
or more, admitted to the ICU with septic shock, or had developed it during the stay were eligible. The final outcome 
was mortality at discharge from the last hospital at which the patient received care.

Results:  Between May 2015, and October 2017, 115 patients were randomised. The first interim analysis revealed a 
number of early deaths, prompting an unplanned analysis. Last hospital mortality was non-significantly higher in the 
CPFA (55.6%) than in the control group (46.2%, p = 0.35). The 90-day survival curves diverged in favour of the controls 
early after randomisation and remained separated afterwards (p = 0.100). An unplanned analysis showed higher mor-
tality in CPFA compared to controls among patients without severe renal failure (p = 0.025); a dose–response relation-
ship was observed between treated plasma volume and mortality (p = 0.010).

Conclusion:  The COMPACT-2 trial was stopped due to the possible harmful effect of CPFA in patients with septic 
shock. The harmful effect, if present, was particularly marked in the early phase of septic shock. Patients not requir- 
ing renal replacement therapy seemed most exposed to the possible harm, with evidence of a dose–response effect. 
Until the mechanisms behind these results are fully understood, the use of CPFA for the treatment of patients with 
septic shock is not recommended.
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Introduction

Septic shock is a complex, life-threatening clinical 
condition characterised by infection-induced circu-
latory, cellular, and metabolic abnormalities [1]. The 
most accredited hypothesis refers to an acute dysreg-
ulation between pro- and anti-inflammatory media-
tors. Accordingly, different extracorporeal depurative 
techniques have been developed to remove inflamma-
tory substances from the bloodstream, thus restoring 
immune homeostasis. The efficacy of these techniques 
is still controversial [2].

Coupled plasma filtration and adsorption (CPFA) 
is one such technology. It uses a cartridge containing 
a synthetic resin designed to aspecifically adsorb sev-
eral mediators from plasma. A haemofiltration step 
additionally purifies small molecules not removed by 
adsorption [3]. The encouraging results of pre-clinical 
and clinical studies [4–8] led GiViTI, the Italian inten-
sive care unit (ICU) network, to organise a randomised 
clinical trial (entitled COMPACT) in 2007 to evaluate 
the efficacy and safety of CPFA in patients with sep-
tic shock. The study was interrupted for futility at the 
planned interim analysis. Hospital mortality was simi-
lar between the control (44/93, 47.3%) and experimen-
tal groups (41/91, 45.1%, p = 0.76) [9]. However, a high 
number of protocol violations was observed in terms of 
a low volume of plasma treated with CPFA due to the 
technique’s complexity. A pre-planned subgroup analy-
sis showed that patients receiving a CPFA dose of > 0.18 
L/kg/day in the first 3–5  days had lower mortality 
than controls (odds ratio 0.36, 95%CI 0.13–0.99) [9]. 
This result generated the hypothesis that CPFA might 
be effective when treating high volumes of plasma. In 
2010, a new machine allowing regional anticoagula-
tion with citrate became available for CPFA, making it 
easier to reach a much higher treated plasma volume 
compared to the previous system based on systemic 
anticoagulation with heparin [10, 11]. Several ICUs 
started to use citrate-based CPFA in their clinical prac-
tice, despite the lack of satisfactory clinical evidence. 
Hence, GiViTI launched the second COMPACT study 
(COMPACT-2) in 2015, with the aim to evaluate the 
efficacy and safety of high-dose CPFA in the treatment 
of patients with septic shock.

Materials and methods
Trial design
This was a multicentre, randomised, controlled, adap-
tive trial performed in 12 Italian ICUs. The adaptive 
design envisaged two study gates with interim analyses: 
the first to assess the feasibility of high-dose CPFA using 

citrate-based anticoagulation (after the first 50 treated 
patients) and the second to evaluate its ability to accel-
erate recovery from septic shock (after the first 166 ran-
domised patients). Only if the interim analyses were 
positive would the study continue until achieving the tar-
get size (350 patients) to evaluate hospital mortality.

The Ethics Committees of all the participating cen-
tres approved the protocol (accessible at https://​giviti.​
mario​negri.​it/​attac​hments/​Proje​cts/​COMPA​CT-2/​
COMPA​CT-2-​Engli​sh_​proto​col_​PDFA.​pdf ). The study 
was performed following the principles of Good Clinical 
Practice and the 1964 Helsinki Declaration and its later 
amendments.

Patients and treatments
Eligible patients were aged 14 or more, admitted to the 
ICU with septic shock, or had developed septic shock 
during ICU stay. Septic shock was defined according to 
the modified 2012 Surviving Sepsis Campaign criteria 
[12] (Supplementary material). Exclusion criteria were 
pregnancy, presence of relative or absolute contraindica-
tions to extracorporeal depurative techniques, admission 
from another ICU where the patient had spent more than 
24 h, estimated life expectancy of less than 90 days based 
on clinical judgement, and absence of informed consent.

Eligible patients were randomly assigned in a 1:1 
ratio to have CPFA added to the standard care or not. 
We used a blocked randomisation schedule (randomly 
permuting blocks of four and six), stratified by centre 
and the presence of septic shock at admission. Inves-
tigators collected clinical information (Supplementary 
material) through an electronic case report form devel-
oped by GiViTI [13], which also randomly allocated 
the patients. To guarantee concealment, the alloca-
tion was revealed only after registration of the baseline 
information.

Patients randomised to the experimental arm were to 
be treated according to the ICU’s current practice, with 
the addition of high-dose CPFA (more than 0.2 L/kg of 
treated plasma per day). The treatment was to be ini-
tiated as early as possible, but no later than 12 h after 
diagnosis of septic shock. It was to last at least 10 h per 

Take‑home message 

The clear lack of benefit, combined with the high costs and the invasive-
ness of the technique, do not support the use of coupled plasma 
filtration-adsorption (CPFA) in treating patients with septic shock.

This study reveals the potentially harmful effects of extracorporeal 
depurative techniques aimed at removing inflammatory mediators in 
patients with septic shock and stressed the need for rigorous studies to 
assess the efficacy and safety of these procedures.

https://giviti.marionegri.it/attachments/Projects/COMPACT-2/COMPACT-2-English_protocol_PDFA.pdf
https://giviti.marionegri.it/attachments/Projects/COMPACT-2/COMPACT-2-English_protocol_PDFA.pdf
https://giviti.marionegri.it/attachments/Projects/COMPACT-2/COMPACT-2-English_protocol_PDFA.pdf
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day and could be followed by continuous renal replace-
ment therapy (RRT) in renal failure patients. Treatment 
was to be discontinued after three consecutive days if 
the patient was no longer in shock. The use of high-flow 
continuous venovenous haemofiltration was not per-
mitted for either study arm.

The clinical follow-up started on randomisation and 
ended at the discharge from the ICU. During ICU stay, 
the daily SOFA score (Sequential Organ Failure Assess-
ment) [14] and other parameters to assess the various 
organ function were recorded. The vital status was reg-
istered at ICU discharge, hospital discharge and 90 days 
after randomisation.

At the first study gate, the primary endpoint was the 
percentage of patients reaching the plasma treatment 
target, with a value below 90% as the stopping rule. At 
the second study gate, the primary endpoint was the 
number of shock-free days in the first 15 days after ran-
domisation, with a difference of fewer than 2.5 days (in 
favour of CPFA) as the stopping rule. A sample of 166 
patients (83 per arm) was needed to have 80% power to 
detect said difference (from 8.2 seen in the COMPACT-
study controls to a hypothesised 10.7 in CPFA, with a 
SD of 5.7), with a type-one error of 5%, using a two-
tailed t test.

The final primary endpoint was last hospital mortality, 
which means that in patients transferred between hos-
pitals, mortality was assessed at discharge from the last 
hospital at which they had received care [9]. The proto-
col required a total of 350 patients to have 80% power to 
detect improvement achieved in the subgroup analysis of 
the COMPACT study: from 47 to 32% hospital mortality, 
with a two-tailed, type-I error of 5%.

The secondary endpoints were 90-day mortality and 
ICU-free days during the first 30  days after randomisa-
tion. A subgroup analysis of the primary endpoint was 
planned for patients starting CPFA within or later than 
6  h of randomisation. The interim analysis at the sec-
ond study gate could call for early termination either for 
efficacy, according to the Haybittle–Peto criterion for 
multiple comparisons, or futility, in the case of < 10% con-
ditional power of achieving a positive result at the end of 
the study, based on the primary hypothesis used for the 
final sample size calculation.

Statistical analyses
Hospital mortality was analysed using Fisher’s exact test. 
The effect size was expressed in terms of absolute risk 
difference with its 95% confidence interval (95%CI).

At the external data and safety monitoring committee 
(EDSMC) request, we performed an unplanned analy-
sis on 3-day mortality, using Fisher’s exact test. Mortal-
ity within 90  days of randomisation was assessed using 

Kaplan–Meier curves with any difference investigated 
through the logrank and Peto tests. The number of 
shock-free days in the first 15  days after randomisation 
was compared using the Wilcoxon rank-sum test.

We also performed unplanned analyses. The first to 
exclude any centre effect on the results, using the Bres-
low-Day test for homogeneity of the odds ratios. This 
analysis was restricted to the four units that recruited 
at least ten patients each, the remaining patients being 
merged into a fifth group. A second analysis evaluated 
the possible presence of a differential effect in patients 
with or without severe renal failure at randomisation. 
This is because CPFA exposes patients without renal fail-
ure to an extracorporeal treatment that doubles a pre-
served kidney function, which could be detrimental. We 
assessed this hypothesis through logistic regression on 
hospital mortality, the study’s primary outcome, testing 
the interaction between the presence of severe renal fail-
ure and treatment arm. The 90-day Kaplan–Meier sur-
vival curves were plotted, stratifying by the presence of 
severe renal failure at randomisation and using logrank 
and Peto tests to assess the difference between the 
curves within strata. Finally, since this analysis revealed 
that CPFA could have a harmful effect in patients with-
out severe renal failure, we performed a confirmatory 
analysis by assessing the presence of a dose–response 
relationship between treated plasma volume and mortal-
ity, according to the presence of severe renal failure. We 
developed a Cox model on patients randomised to CPFA, 
taking volume as a time-varying covariate and forcing it 
to interact with the presence of severe renal failure. These 
analyses were all performed according to the intention-
to-treat approach.

Since the analyses suggested that CPFA could have a 
harmful effect, we asked a team of independent physi-
cians to review the medical records of recruited patients 
to reappraise the eligibility criteria and highlight any 
details that might help reconstruct the possible cause of 
death of deceased patients. Different sensitivity analyses 
were performed as a result of this review.

Results
At the first study gate, 81% of patients (95%CI: 69–95%) 
successfully reached the target volume of treated plasma, 
which is compatible with a 90% success rate and demon-
strates the technique’s feasibility using regional antico-
agulation with citrate. This analysis was performed on 
113 patients. However, the analysis revealed that some 
patients died very early in the experimental arm. Such 
finding prompted the EDSMC to request an unplanned 
interim analysis, further assessing 3-day mortality. These 
analyses (reported in the Supplementary material) did 
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raise concerns about the possible harmful effect of CPFA 
in eligible patients. For this reason, the COMPACT-2 
study was prematurely terminated on 23/10/2017.

Between the performance of these analyses and the 
termination of the study, two additional patients were 
randomised, giving a total of 115 for the final analyses 
presented here (Fig.  1). In different centres, randomisa-
tion blocks were not closed, and, by chance, this resulted 
in an imbalance between arms (63 patients in the CPFA, 
52 in the control arm). Table 1 shows the patients charac-
teristics (further details in Supplementary material). No 
serious adverse events were reported.

The mean time to start CPFA after septic shock onset 
was 8.7 h (SD 3.3); 16 (26.2%) patients started within 6 h, 
while two patients died before starting any treatment. 
Three control group patients were treated with CPFA in 
violation of the protocol; two died at 6 and 8 days post-
randomisation, the third was discharged alive from the 
hospital 65 days after randomisation.

The analysis planned for the second study gate (origi-
nally scheduled at 166 enrolled patients) revealed a dif-
ference of 2.2 shock-free days in the first 15 days after 
randomisation in favour of the control group (8.2, ver-
sus 6 in CPFA, p = 0.016), well within the stopping rule 
at that stage for lack of activity.

Last hospital mortality (the primary outcome of the 
study) was not significantly higher in the CPFA (55.6%) 

compared to the control group (46.2%, p = 0.35). The 
conditional power needed to demonstrate that last hos-
pital mortality in the CPFA arm was lower than in con-
trols under the protocol hypothesis was 13%, slightly 
greater than 10% envisaged in the protocol for early 
termination due to futility. However, the threshold 
provided in the protocol was to be calculated at a later 
stage (166 patients). Three-day mortality, whose assess-
ment was requested by EDSMC, was significantly dif-
ferent between the two groups (30.2% in CPFA, 13.5% 
in controls, p = 0.044, Table 2).

The 90-day survival curves (Fig. 2) diverged in favour 
of the controls early after randomisation and remained 
separated afterwards (logrank test, p = 0.0996; Peto 
test, p = 0.0418; the latter attributes a higher weight to 
early events). The controls spent more days outside the 
ICU during the first 30 days after randomisation (9.3 vs. 
6.6 in CPFA, p = 0.026).

There was no difference in the a priori determined 
subgroup analysis: hospital mortality was compara-
ble between patients starting CPFA within 6 h of septic 
shock onset (8/16, 50%) and those starting later (25/45, 
55.6%). The OR did not differ between centres (Breslow-
Day test, 0.7513, p = 0.945), excluding a possible “centre 
effect”.

The survival analysis showed higher mortality in 
CPFA than controls, but the difference was statistically 

Fig. 1  Flow chart of participants
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significant only among patients without severe renal fail-
ure (Fig. 3). The interaction term between the randomisa-
tion arm and the presence of severe renal failure was not 
significant (p = 0.177).

The Cox model performed on patients randomised to 
CPFA, revealed that the volume of CPFA, considered as 
time-varying covariate, was positively and significantly 
associated with mortality (p = 0.010). Conversely, both 
the presence of severe renal failure and its interaction 
with the volume of CPFA were not statistically significant 
(Supplementary material). Since the latter two variables 
were forced into the model, we have the hazard ratio of 
CPFA volume in the presence and absence of severe renal 
failure, respectively, 4.17 (0.47–36.92) and 3.55 (95%CI 
1.35–9.29).

The review of the clinical records revealed that 8 cases 
(7.2% of the 111 patients for whom this assessment was 
possible) had inappropriate antibiotic therapy. Eligibility 
was questioned in 31 patients (10 patients were consid-
ered terminally ill at the time of randomisation, 13 were 
diagnosed as not having septic shock, 8 had septic shock 
onset over twelve hours before randomisation). The sen-
sitivity analysis performed by excluding patients consid-
ered non-eligible for the study yielded very similar results 
to the main analysis (Supplementary material).

Discussion
The COMPACT-2 study was designed to test the 
hypothesis—emerging from the previous trial—that 
high-dose CPFA reduces hospital mortality in patients 
with septic shock. Instead, the study was terminated 
earlier on suspicion that CPFA might have caused 
excess mortality, particularly in the first phase of treat-
ment. The primary study analysis showed a non-signif-
icant but clinically relevant absolute increase in overall 
hospital and 90-day mortality in the experimental arm. 
Patients in the control group spent significantly less 
(almost 3) days outside the ICU in the first 30 days after 
randomisation, which corroborates the hypothesis that 
CPFA provides no benefit in this context. An unplanned 
analysis showed more than twofold 3-day mortality in 
the CPFA compared to the control group, further sug-
gesting that CPFA could be harmful. Although these 
results cannot be considered conclusive, they were suf-
ficiently suggestive to terminate the study prematurely 
to avoid exposing patients to unjustified risk.

It is always painful to stop a randomised trial for futility 
or, worse, for potential harm. What is the explanation for 

Table 1  Patients’ characteristics at baseline
CPFA
(N = 63)

Controls
(N = 52)

Sex (Male) N (%) 40 (63.5) 28 (53.8)

Age (years) N (%)

 Overall mean [SD] 66.9 [13.8] 67 [10.5]

 17–45 4 (6.3) 2 (3.8)

 46–65 20 (31.7) 18 (34.6)

 66–75 16 (25.4) 19 (36.5)

  > 75 23 (36.5) 13 (25)

 Missing 0 0

Body mass index N (%)

 Underweight 2 (3.2) 2 (3.8)

 Normal weight 31 (49.2) 25 (48.1)

 Overweight 24 (38.1) 13 (25)

 Obese 6 (9.5) 12 (23.1)

 Missing 0 0

Length of stay before ICU admission mean 
[SD]

4 [7.2] 3 [5.2]

Source of admission N (%)

 Emergency room 28 (44.4) 22 (42.3)

 Surgical ward 15 (23.8) 13 (25)

 Medical ward 13 (20.6) 13 (25)

 Other ICU 1 (1.6) 0

 High dependency care unit 6 (9.5) 4 (7.7)

 Missing 0 0

Surgical status N (%)

 Not surgical 34 (54) 21 (40.4)

 Elective surgical 1 (1.6) 3 (5.8)

 Emergency surgical 28 (44.4) 28 (53.8)

 Missing 0 0

Trauma N (%) 1 (1.6) 5 (9.6)

Comorbidities N (%)

 None 9 (14.3) 10 (19.6)

 Mary Charlson Index median [Q1–Q3] 1 [0–2] 2 [0–3]

SAPS II median [Q1–Q3] 60 [45–73.8] 55 [47.8–67.5]

Failures on admission N (%)

 Respiratory failure 50 (79.4) 50 (96.2)

 Cardiovascular failure 56 (88.9) 46 (88.5)

 Neurological failure (GCS ≤ 8) 7 (11.1) 5 (9.6)

 Hepatic failure 2 (3.2) 0

 Renal failure 55 (87.3) 43 (82.7)

 Acute skin failure 1 (1.6) 0

 Metabolic failure 48 (76.2) 35 (67.3)

 Coagulation failure 7 (11.1) 3 (5.8)

 Missing 0 0

Septic shock on admission N (%) 45 (71.4) 40 (76.9)

Site of infection N (%)

 Pneumonia 14 (22.2) 6 (11.5)

 NON-surgical secondary peritonitis 9 (14.3) 9 (17.3)

 Post-surgical peritonitis 7 (11.1) 6 (11.5)

 Colecistitis/colangitis 6 (9.5) 6 (11.5)

 NON-surgical urinary tract infection 4 (6.3) 8 (15.3)

 Other 12 (19) 16 (30.7)

 Multisite 7 (11.1) 7 (13.5)

Table 1  (continued)
CPFA coupled plasma filtration and adsorption; SD standard deviation; Q1–Q3 
first and third quartiles, SAPS II Simplified Acute Physiology Score II; GCS Glasgow 
Coma Scale
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such unexpected findings? First, CPFA may cause harm 
to patients with septic shock. In the first COMPACT 
study, there were no hints of such effect, but a consider-
able percentage of patients randomised to CPFA (48.4%) 
did not reach a substantial treated plasma volume. It can 
be speculated that the high rate of protocol violations 
prevented the true harmful effect of CPFA from being 

observed. The new technique of performing the treat-
ment with regional anticoagulation with citrate, enabling 
most patients to reach the target treated plasma vol-
ume, appears to have allowed the effect to be seen. The 
host response against infectious pathogens is modulated 
through pro- and anti-inflammatory responses [15]. The 
amount and timing of release of different mediators, their 

Table 2  Mortality

CPFA coupled plasma filtration and adsorption; ICU intensive care unit; RR relative risk ARR​ absolute risk reduction

Mortality Group N (%) p-value RR (95%CI) ARR (95%CI)

3 days CPFA 19/63 (30.2%) 0.044 2.24 (1.02, 4.91) 16.7 (2.05, 31.34)

Controls 7/52 (13.5%)

ICU CPFA 34/63 (54%) 0.008 1.87 (1.15, 3.04) 25.12 (7.71, 42.53)

Controls 15/52 (28.8%)

Hospital CPFA 35/63 (55.6%) 0.352 1.2 (0.83, 1.74) 9.4 (-8.88, 27.68)

Controls 24/52 (46.2%)

90 day follow up CPFA 36/56 (64.3%) 0.235 1.23 (0.88, 1.72) 12.2 (-6.7, 31.1)

Controls 25/48 (52.1%)

Fig. 2  Kaplan–Meier survival plot for coupled plasma filtration and adsorption (CPFA) and control
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relatively short half-lives, their limited range of action, 
their considerable redundancy and pleiomorphisms and 
the underexpression or overexpression of their recep-
tors make the process extremely complex [16, 17]. The 
strategy beyond CPFA, as well as most of the other 
extracorporeal depurative techniques, of simultaneously 
removing several inflammatory mediators may do more 
harm than good.

A second hypothesis is that CPFA may have caused 
harm to a subset of patients. Although unplanned, the 
subgroup analysis based on the presence of renal fail-
ure is suggestive in this respect. We have no evidence 
of a differential effect of CPFA with and without severe 
renal failure (the interaction between the treatment and 
renal failure was not statistically significant), but at least 
we demonstrated its detrimental effect in the latter sub-
group. It is tempting to think that it could be harmful to 
subject a patient with septic shock but good renal func-
tion to an RRT (even independently of the presence of 
the CPFA cartridge). Doubling the depurative function 
could remove important substances at an excessive rate. 
The prime suspect is antibiotics, as any delay in receiv-
ing appropriate antibiotic therapy in severe sepsis or 
septic shock patients is associated with excess mortality 
[18–20]. Although the qualitative review of the medical 
records found that the correct therapy was given to 92.8% 

of patients, we cannot rule out that increasing antibi-
otic clearance by adding the effect of at least 10 h’ RRT 
to a well-functioning kidney could have caused treat-
ment underdosing. Moreover, we calculated that CPFA 
removes 50% more antibiotics than does standard contin-
uous RRT (Supplementary material), increasing the pos-
sibility of undertreatment. In this respect, a significant 
dose–response effect of treated plasma on mortality was 
demonstrated in patients without severe renal failure. 
This is particularly worrisome, as it reinforces the idea 
that the harmful effect was not the result of confounding.

Finally, the review of the clinical records revealed that 
several patients were randomised despite being ineligi-
ble. The sensitivity analysis performed by excluding these 
patients yielded very similar results to the main analysis, 
thus rejecting the hypothesis that CPFA was contraindi-
cated in these cases.

Study limitations
Our study has weaknesses. As most trials prematurely 
stopped, the number of patients is lower than expected 
and does not allow to address all the questions raised 
by the interim analysis. This limitation is particularly 
disappointing when the results are contrary to what 
was anticipated, as in this case. In such circumstances, 
it would be essential to investigate the possible reasons 

Fig. 3  Kaplan–Meier survival plot for coupled plasma filtration and adsorption (CPFA) and control among patients with severe renal failure and 
without severe renal failure
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for the findings with enough data. Contrariwise, when 
the interim analysis shows potential harm to patients, it 
is an ethical imperative to stop the trial. We performed 
some unplanned analyses to try to explain the results. 
However, by their nature, unplanned analyses are to be 
considered with caution and can at best confirm that a 
hypothesis is worth investigating. According to the litera-
ture [21–23], we did not consider appropriate to adjust 
for multiple comparisons. The unplanned analyses were 
indeed driven by specific hypotheses, and a type II error 
(which would have led to dismiss the hypothesis as worth 
investigating) would have had worst consequence than a 
type I error.

Finally, the lack of cytokine measurement on recruited 
patients, due to budget constraints, has limited our 
hypothesis investigation capacity and represents another 
study weaknesses.

Conclusions
The COMPACT-2 trial was prematurely stopped due 
to the possible harmful effect of CPFA in patients with 
septic shock. Although not conclusive, the performed 
analyses suggest the following: (1) the harmful effect, if 
present, is particularly marked in the early phase of treat-
ment or of the septic shock condition; (2) patients not 
requiring RRT seem most exposed to possible excess 
CPFA-related mortality; (3) there is evidence of a dose–
response effect, which could be related to the CPFA car-
tridge, the RRT, or both.

Until full understanding of the mechanisms behind the 
negative results has been further investigated, it is not 
recommended to use CPFA for the treatment of patients 
with septic shock.
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