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Abstract

PURPOSE

Although Polymyxin B hemoperfusion improved the survival of patients with sepsis in a

meta-analysis, its effectiveness remains controversial due to the high risk of bias. We aimed to

determine whether PMX-HP is effective in sepsis patients.

MATERIALS AND METHODS

This retrospective study evaluated the efficacy of PMX-HP compared with continuous
renal replacement therapy (CRRT), in delaying progression to multiple organ failure (MOF)
determined using the delta Sequential Organ Failure Assessment (SOFA) scores of 194
critically ill sepsis patients from 15 different hospitals in South Korea. The secondary
outcomes included in-hospital mortality rate, length of ICU stay, change in clinical frailty

scale, ventilator-free days within 28 days, and length of hospital stay.

RESULTS

Among 194 eligible patients (mean age, 68.9 years; 90[46.9%] women, mean SOFA

score 8.61), 41 received Polymyxin B hemoperfusion treatment (PMX-HP), while 153



patients received CRRT. Polymyxin B hemoperfusion did not show advantage of slowing

progression in multiple organ failure progression over CRRT (change in SOFA between

dayO and day7, 1.83 vs 1.32; p=0.012; change in SOFA between day0 and dayl4, 1.83 vs

2.17; p=0.368). The 7-day (hazard ratio [HR], 0.182; 95% confidence interval [CI], 0.057 to

0.581; p=0.004), 14-day ([HR], 0.39; 95% [CI], 0.129 to 0.690; p=0.005), 28-day mortality

rate ([HR], 0.39; 95% [CI], 0.19 to 0.78; p=0.008) were not significantly different between

the two groups. The number of ventilator-free day within 28 days (absolute difference

[AD], 0.8 days; standard deviation (SD), 1.36; 95% CI, —3.49 to 1.88; p=0.557), length of

ICU stay (AD, 2.15 days; SD, 1.98; 95% CI, —1.75 to 6.06; p=0.278), clinical frailty scale

change (p=0.051), and change in the use of vasopressor (p=0.158) were not significantly

different between the two groups. Meanwhile, a significant difference was observed in

platelet count change (p=0.019) and length of hospital stay (p=0.003) between the two

groups.

CONCLUSIONS

In sepsis patients, PMX-HP treatment did not significantly lead to delayed progression

to MOF compared with CRRT
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Introduction

Sepsis and septic shock remain fatal, resulting in high mortality (20-50%) in patients,

especially with advanced organ failure worldwide!™ Therefore, most the patients

admitted to intensive care units(ICUs) to ensure the intensive monitoring of patients’

hemodynamic status.® Early aggressive fluid resuscitation; the use of appropriate

antibiotics; and control of the source of infection are required to rescue these patients.”®

The surviving sepsis campaign(SSC) has provided guidelines for managing patients with

sepsis since 2002 and has highlighted sepsis bundle®!. Since then, the survival of sepsis

has improved.3* However, sepsis still shows a high mortality rate, and frequently

progresses to multiple organ failure!(MOF). Hence, efforts have been made to find other

effective methods, such as CRRT, PMXB, and Cytosorb, to manage sepsis.

Endotoxin plays a significant role in the development of sepsis and triggers

inflammatory responses; the disequilibrium of inflammatory mediators results in MOF113,

The immune response to the pathogen itself can be exaggerated and cause MOF

syndrome and death!®. In addition, prolonged release of inflammatory mediators can

cause severely impaired immunity and immunoparalysis leading to severe secondary



nosocomial infections®!, Hemodialysis may help remove endotoxins and pro-

inflammatory and inflammatory markers, suggesting that it can reduce the inflammatory

responses mediated by cytokines'®!®, The hemoperfusion method involves the direct

contact of the sorbent material with blood or plasma via the extracorporeal circuit. It has

different removal characteristics according to the type of sorbent used.}’%?? Polymyxin B

(PMX) has a high affinity of irreversibly binding to endotoxins, especially

Lipopolysaccharide(LPS), the concentration of which is associated with the severity of

sepsis?®?*. More specifically, polystyrene fiber bound with PMX antibiotics absorbs

endotoxin?®. PMX hemoperfusion (PMX-HP) was first introduced in Japan and has been

widely studied worldwide since then?.

Although PMX-HP's efficacy of reducing the severity of sepsis or improving mortality

has remained controversial, a randomized controlled trial and a post-hoc analysis showed

positive results®28, We, therefore, conducted a retrospective review of data in 15 ICUs

and hypothesized that the use of PMX-HP delays progression to MOF in patients with

sepsis.



Methods

PARTICIPANTS AND DATA COLLECTION

Data on the study conducted by Korean Sepsis Alliance (KSA) (September 2019-

February 2020; ICU units at tertiary hospitals in South Korea) were searched and

extracted from 15 tertiary hospitals in South Korea. This retrospective observational study

was approved by the Institutional Review Board (IRB Number, 2018-0675).

Patients aged > 19years, who had been admitted in the non-ICU hospital wards or

emergency room were enrolled in this study. Patients from the emergency room who met

the following criteria: those (1) who had a quick Sepsis-related Organ Failure

Assessment(qSOFA) > 1; (2) who had a known or suspected infection; and (3) who

underwent blood culture. Moreover, patients from general wards who met the following

criteria were also eligible to participate.?*°: Those (1) with known or suspected infection

and (2) a SOFA score of 2 or higher than that at baseline. The SOFA score (scores range,

0-24; higher scores mean worse organ function)®! was used to determine the progression

of organ dysfunction. Changes in SOFA score were indicated by using a delta SOFA. 2832

Patients who did not receive renal replacement therapy (RRT) or received RRT only after



3days were excluded.

Figurel Screening and analysis.

The number of patients excluded for not receiving renal replacement therapy, but

some were excluded because of late application after ICU Day 3.

2127 Patients with sepsis
were assessed for eligibility

1921 did not receive
\ renal replacement therapy

12 late application after 72hr

194 enrolled

— I

153 (7%) received CRRT 41 (2%) received PMX-HP

DESIGN AND SETTING

We retrospectively screened data for the 6-months from 15 different ICUs in South

Korea. The patients were divided into two groups: those who received continuous renal

replacement therapy (CRRT) and those who underwent PMX-HP. The application of PMX-

HP was not explicitly indicated in current guidelines, but the treatment was

recommended among patients with sepsis.®® In all patients, Toraymyxin® cartridge (Toray
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Medical Company, Tokyo, Japan) was used to perform PMX-HP. The delta SOFA score was

used to indicate the change in the degree of organ dysfunction and was calculated as

the SOFA score at day7 or dayl4 minus the SOFA score at baseline.

ENDPOINTS AND ASSESSMENT

The primary outcome was the difference in delta SOFA score between the two groups.*?

The secondary outcome included the length of ICU stay and 7-day, 14-day, and 28-day

mortality rates. Other secondary outcomes were ventilator-free days by 28 days, change

in clinical frailty scale from ICU admission to hospital discharge, the time to hospital

discharge, changes in vasopressor use, platelet count, and its change from time zero to

day7 as well as dayl4. Moreover, the clinical factors independently associated with the

28-day mortality and change in SOFA score were identified.



STATISTICAL ANALYSIS

Kolmogorov-Smirnov test was performed to determine the distribution of variables.

Continuous variables with normal distribution were presented as mean (standard

deviation (SD)), while those with non-normal distribution were presented as median

(interquartile range [IQR]). Other descriptive variables were described as actual numbers

and percentages, as appropriate.

The primary efficacy analysis for assessing change in SOFA score in the PMX-HP group

compared with that in the CRRT was performed using paired t-test and two-sample t-test.

Multivariate and univariate Cox regression models were performed to determine the

clinical factors independently associated with 28-day mortality. The findings were

interpreted based on the 95% confidence intervals (CI) for the estimated measures of

association. The results were based on the 95% Cis for the estimated measurements of

association. Survival analyses, with censoring patients’ data at 7 days, 14 days, and 28

days, were performed using a Kaplan-Meier curve, Cox proportional hazards analysis, and

logistic regression analysis with propensity score matching. The p-value for the difference

between the two groups was calculated by log-rank analysis. A logistic regression model

was used to generate a propensity score for PMX-HP or CRRT use based on the



systematically collected data on different baseline variables between the two groups. The

differences in the number of ventilator-free days, length of ICU and hospital stays, and

change in clinical frailty scale from ICU admission to hospital discharge were analyzed

using Student’s t-test. A chi-square test was also conducted to compare the differences in

the frequency of vasopressor use at day 0, day 7, day 14; between-group comparisons of

the change in vasopressor use were also performed between day 0 and day 7 as well as

day 14. Patients with missing data were considered to require vasopressor treatment if

they died upon discharge from the ICU and did not require this treatment if they

survived upon release from this unit.

The results were considered significant if the two-sided p-value was less than 0.05. All

statistical analyses were performed using SPSS ver. 25. Software.



Table 1. Clinical characteristics in the study population.

CRRT PMX Pt

n=153 n=41
Age (median [IQR]) 69.43[61,80] 66.83[60,77] 0.385
Sex (male (%)) 82(53.6) 22(53.7) 0.994
Severity scale
SAPS (mean (SD)) 83.08(15.34) 75.76(18.02) 0.021
Initial SOFA (mean (SD)) 8.98(3.22) 7(3.47) 0.001
Clinical Frailty scale (median [IQR]) 4.46[3,6] 5.24(3,7] 0.041
Charlson (median [IQR]) 5.47[4,7] 5.76[5,7] 0.314
Comorbidity
Hematologic disease (%) 19(12.4) 2(4.9) 0.135
Chronic liver disease (%) 131(85.62) 35(85.37) 0.967
Chronic kidney disease (%) 117(76.47) 26(63.41) 0.100
Chronic kidney disease (%) 36(23.53) 15(36.59) 0.100
DM (%) 46(30.07) 16(39.02) 0.280
Solid cancer (%) 45(29.41) 9(21.95) 0.335
Cardiovascular Disease (%) 23(15.03) 12(29.27) 0.044
Respiratory Disease (%) 15(9.80) 4(9.76) 0.993
Chronic neurologic disease (%) 25(16.34) 4(9.76) 0.293
Laboratory data
Procalcitonin (median [IQR]) 42.76[0.49,14.41]  21.75[1.61,61.84] 0.008
Bicarbonate (mean (SD)) 15.32(5.94) 18.3(5.75) 0.005
Lactate (median [IQR]) 5.98[1.4,4.7] 4.25[2.55,7.7]  0.006
PLT, 10%/p (median [IQRI) 144[52.5,224.0] 185[90.0,252.0]  0.002
Vital sign & Initial treatment
Mean Arterial pressure (median [IQR]) 64.98[53.3,71] 79.63[63.3,2100) 0.001
Steroid (%) 52(34.0) 7(17.1) 0.233
MV (%) 72(47.1) 22(53.7) 0.453
ECMO (%) 6(3.92) 0(0.0) 0.089

Abbreviation: SOFA=Sequential Organ Failure Assessment, MV=Mechanical ventilation, SAPS=Simplified Acute
Physiology score, PLT=platelet count IQR=Interquartile range, SD=standard deviation, ECMO=Extracorporeal
Membrane Oxygenation Dl=dayl, DM=diabetes mellitus, CNS= central nervous system, Charlson=Charlson

comorbidity score



tFor categorical variables, the Chi-square test or Fisher's exact test was used, and n (%) was reported. For
continuous variables, normally distributed data are described as mean + SD and non-normally distributed
data as median (interquartile range). t-test (normally distributed data) or Mann-Whitney test (non-
normally distributed data) was used.

Table2. Isolated Microorganisms by Treatment Group

CRRT PMX Pt
Organisms and Sites

n=153 n=41
Microorganism. Identified (%) 90(58.8) 21(51.2) 0.384
Organisms
Gram-positive infection (%) 27(17.7) 10(24.40) 0.359
Gram-negative infection (%) 69(45.10) 15(36.59) 0.370
Fungus imp (%) 3(1.9) 1(2.4) 0.693
Virus infection (%) 3(1.96) 0 0.487
Multipathogenes (%) 25(16.34) 8(19.51) 0.631
Sites
Pulmonary infection (%) 36(23.52) 8(19.51) 0.585
Intra-abdominal infection (%) 51(33.33) 2(4.88) 0.000
Urinary infection (%) 23(15.03) 2(4.88) 0.084
Others (%) 32(20.91) 12(29.27) 0.256
Multiple site infection (%) 14(9.15) 2(4.88) 0.377

tChi-square test or Fisher's exact test was used.



Results

PATIENTS AND TREATMENT

The retrospective cohort consisted of 2,127 patients, and the data were collected

between September 2019 and February 2020 from 15 ICUs in South Korea. Among 2,127

patients with sepsis, 206 were considered eligible to receive RRT, while 12 who

underwent RRT after day 4 were excluded. Of the 194 participants, 41 underwent

hemoperfusion covalently bound with PMX-HP (Figure 1). Tables 1 and 2 show the key

characteristics of the patients. The initial total SOFA score, cardiovascular SOFA score,

coagulation SOFA score, SAPS score, and initial lactate level were higher in the CRRT

group. The mean arterial pressure was lower, and the number of participants who

required vasopressors was relatively high in the CRRT group. In addition, the proportion of

patients with intra-abdominal infection was higher in the CRRT group.

PRIMARY OUTCOMES

One hundred fifty-three patients who received CRRT were analyzed to determine the

primary efficacy of this treatment, whereas all 41 patients who underwent PMX-HP were

10



included in the primary analysis. The CRRT group had an initial sofa score of 8.95 + 3.27

(mean £ SD), but it changed to 10.17 + 3.85 on day 7 (mean difference [MD]), 1.32; 95%

CL 0.23-242; p=0.019) and to 10.80 + 4.75 on day 14 (MD, 2.17; 95% CI, 0.43-3.91;

p=0.074) after CRRT. Meanwhile, the SOFA scores in the PMX-HP group were 7.00 + 3.47

to 891 + 3.40 (MD, 1.83; 95% (I, 0.94-3.76; p=0.053) between day 0 and day 7, and 7.94

+ 352 (MD, 1.83; 95% CI, -1.70 to 3.35; p=0.289) between day 0 and day 14. A

significant difference was observed in the change in SOFA scores from day O to day 7

between the two groups (p for change=0.012); meanwhile, no significant difference was

observed in the change in SOFA scores from day O to day 14 between the two groups (p

for change=0.368). The results of primary efficacy endpoint analysis are shown in Table 3.

However, no significant difference was observed in the change in SOFA scores from day

0 to day 7 (p for baseline=0.473, p for day 7=0.663, p for change=0.145) and from day 0

to day 14 (p for baseline=0.473, p for day 14=0.685, p for change=0.910) between the

two groups after adjusting for several baseline characteristics (Table 4).

11



Table3. Change in SOFA score from baseline

Change from .
) Group difference
baseline
Mean P for
. . P for P for
Group SOFA_DAY0 SOFA_DAY7 difference Pt baseli
DAY7 changet
(95% CI) net
895 + 3.27 1017 + 385 1.32(0.23,
CRRT 0.019 0.012 0.157 0.012
(n=153) (n=76) 2.42)
7.00 £ 347 891 + 3.40 1.83 (0.94,
PMXB 0.053
(n=41) (n=24) 3.76)
Mean P for P P for
. . or
Group SOFA_DAY0 SOFA _DAY14 difference Pt baseli DAY14 change
(95% CI) net T
895 + 3.27 10.80 + 475 217 (043,
CRRT 0.074 0.033 0.032 0.368
(n=153) (n=37) 3.91)
700 +£ 347 794 + 352 183 (-1.70,
PMXB 0.289
(n=41) (n=16) 3.35)

Data are shown as mean + SD.

tPaired T-test was used.
¥Two-sample T-test was used.

Table4. Change in SOFA score from baseline after propensity matching

Change from baseline

Group difference

12

Mean P for
G SOFA DAY0O SOFA DAY7 diff Pt P for P for
rou ifference :
P - - baseline  p,ay7 changet
(95% CI)
6.84 +2.52 8.64 £3.17
CRRT 242(0.20,4.65) 0.035 0473 0.663 0.145
(n=26) (n=14)
746 £3.53 8.07 £3.81
PMXB 0.2(-2.08,2.48) 0.854
(n=26) (n=15)
Group SOFA_DAYO SOFA_DAY14 Mean Pt P for P for P for




difference baseline DAY14 change

(95% CI) + +
6.84 +252  7.43+294 375 (3.12,
CRRT 0308 0473 0.685 0.910
(n=26) (n=7) 4.38)
746 +353  8.00+2.71 2.04 (0.70,
PMXB 0.502
(n=26) (n=10) 3.37)

Data are shown as mean + SD.

tPaired T-test was used.
¥Two-sample T-test was used.

SECONDARY OUTCOME

The Kaplan—Meier estimates of mortality at 28 days was significantly lower in the PMX-

HP group, with deaths reported in 82 of 153 patients (53.6%) in the CRRT group and 10

of 41 patients (24.4%) in the PMX-HP group (hazard ratio [HR], 0.39; 95% (I, 0.19 to 0.78;

p=0.008) (Figure 2). The result was also the same at 7 days (HR, 0.182; 95% (I, 0.057 to

0.581; p=0.004) and at 14 days (HR, 0.39; 95% CI, 0.129 to 0.690; p=0.005) in the crude

analysis (Table 5). Likewise, after adjusting for initial SOFA score only or lactate levels and

initial SOFA score, the association between PMX-HP use and reduced mortality was

evident. However, after adjusting for multiple factors, such as procalcitonin, lactate level,

initial SOFA score, arterial pressure, clinical frailty scale, the incidence of abdominal

infection, initial use of vasopressors, bicarbonate concentration, SAPS, and underlying

cardiovascular disease, the PMX-HP group did not show changes in the mortality rate

compared with the CRRT group (Table 6).
13



Figure 2. Kaplan-Meier Estimates of Survival:

Estimation of Survival Rate According to Treatment Group (p=0.001)
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Table 5. Secondary outcomes

No. of deaths at 7days (%)
No. of deaths at 14days (%)
No. of deaths at 28days (%)
MV free day (median [IQR])
ICU stay days (mean (SD))
Hospital stays days

Change in CFscale

Change in PLT, 103/p
(Median [IQR]) 1
Vasopressor use

day0

day7

day14

Change (dayO, day7) ||
Change (dayO, day14) |

CRRT only(N=153)
56(36.6)
65(42.5)
82(53.6)

23.1[0,27]
8.869(11.4878)
17.34(17.93)
1[-2,2.25]

53.7[-22,171]

102(66.7%)
93(60.8%)
84(54.9%)
-0.43(0.59)
-0.25(0.55)

PMX-HP(N=41)
3(7.32)
6(14.6)

10(24.4)
22.3[22.5,28]
11.0244(10.344)
27.85(25.18)
0.26[-1,3]

141.04[17,206]

18(43.9%)
13(31.7%)
9(22.5%)
-0.25(0.570)
-0.38(0.59)

P-valuet
0.001
0.001
0.001
0.557
0.278
0.003
0.051

0.019

0.011
0.001
0
0.158
0.470

Abbreviation: PLT= platelet count, Cath.infection=catheter-related infection, CFscale=Clinical frailty scale,
IQR=Interquartile range, SD=standard deviation

tFor categorical variables, the Chi-square test or Fisher's exact test was used, and n (%) was reported.

A t-test or Mann-Whitney test was used for continuous variables, and mean (SD) or median [IQR] was reported.

Kaplan Meier analysis and Log-rank analysis were used to compare mortality between two groups.

q|Difference in platelet count between day0 and day 7

|IFisher's exact test was performed, and the average value of the difference was obtained.

Table6. Cox Proportional Hazards Analysis of PMX-HP Use and Mortality Among

Propensity-Matched Patients. (Number of patients=52)

Model

Hazard Ratio

(95% Cl)

7 days mortality after multivariable adjustment

14 days mortality after multivariable adjustment 0.261
28 days mortality after multivariable adjustment 0.329

0.257[0.32,2.09]

[0.054,1.257]
[0.087,1.242]

tAdjusted for initial SOFA score, initial mean arterial pressure, clinical frailty scale, bicarbonate, abdominal

infection, lactate, initially use in vasopressor, simplified acute physiology score(SAPS), underlying cardiovascular

disease, platelet count

15




The number of ventilator-free days at 28days was not significantly different between the PMX-

HP group (median, 22.3days; SD, 9.12; 95%CI, 19.7 to 25.3) and CRRT group (median, 23.1days; SD,

7.35; 95% (I, 219 to 24.3) (absolute difference [AD], -0.8days; SD, 1.36; 95% CI, -3.49 to 1.88§;

p=0.557). Similarly, no significant difference was found between the PMX-HP group and CRRT

group in terms of the length of ICU stay days (median, 11.02 vs. 8.87; AD, 2.15days; SD, 1.98; 95%

CL -1.75 to 6.06; p=0.278), change in clinical frailty scale (p for change=0.051), and change in use

of vasopressor from time zero to day 7(p for change=0.158) as well as dayl4 (p for

change=0.470). However, a significant difference was observed in the length of hospital stay

(median, 25.18 vs. 17.34; AD 10.51; SD, 3.46; 95% (I, 3.69 to 17.33) and change in platelet count

from time zero to day7(p for change=0.019) (Table 5).

UNIVARIABLE AND MULTIVARIABLE ANALYSIS FOR PREDICTORS FOR MORTALITY

Table 7 shows the key characteristics of patients who died or survived. The clinical

factors independently associated with sepsis were PMX-HP or CRRT use, presence or

absence of hematological disease, and SAPS score (Table 8).

16



Table 7. Baseline characteristics in patients alive or dead
(Total number=194; Number of dead patients =91)

Age (mean (SD))

Gender (male, %)

Mean arterial pressure (mean (SD))

SAPS (Mean (SD))
Initial SOFA (mean (SD))

Respiratory SOFA.D1(mean (SD))
Cardiovascular SOFA.D1(mean (SD))

Liver SOFA.D1 (mean (SD))

Coagulation SOFA.D1 (mean (SD))

Kidney SOFA.D1 (mean (SD))
CNS SOFA.D1 (mean (SD))

Charlson comorbidity score (mean (SD))

Hematologic disease (%)
Chronic liver disease (%)
Chronic kidney disease (%)
DM (%)

Solid cancer (%)
Cardiovascular Disease (%)
Respiratory disease (%)
Chronic neurologic disease (%)
Procalcitonin (median [IQR])
Lactate (median [IQR])
Bicarbonate (mean (SD))
PLT, 103/u (median [IQR])
Recent Use in antibiotics

or chemotherapy

Steroid (%)

Initial use in vasopressor %)
MV (%)

ECMO (%)

Alive
n=103
69.78(14.18)
49(47.57%)
65.49(16.34)
88.27(15.55)
9.10(3.34)
1.49(0.998)
1.85(1.44)
0.96(1.17)
1.65(1.447)
1.70(1.18)
1.45(1.31)
5.65(2.93)
14(13.59)
16(15.53)
17(16.50)
25(24.27)
27(29.67)
16(15.53)
10(9.71)
14(13.59)
52.07[0.81,31.10]
6.55[1.8,6.2]
15.96(5.80)
178.3[85.0,256]

26(25.24)
34(33.01)
81(78.64)
54(52.43)
3(2.91)

17

Dead

n=91
68.10(13.61)
55(60.44%)
70.36(22.49)
75.58(14.37)
8.09(3.33)
1.35(1.07)
1.50(1.50)
0.64(1.00)
1(1.25)
2.17(1.48)
1.44(1.28)
5.43(2.33)
7(7.69)
12(13.19)
34(37.36)
37(40.66)
27(26.21)
19(20.88)
9(9.89)
15(16.48)
27.40[2.15,90.52]
4.79[3.1,8.4]
15.96(6.27)
125[35.0,186.0]

18(19.78)
28(30.77)
73(80.22)
40(43.96)
1(1.10)

Pt

0.404
0.950
0.085
0.000
0.037
0.334
0.101
0.048
0.001
0.017
0.942
0.567
0.054
0.240
0.023
0.207
0.591
0.875
0.598
0.872
0.031
0.008
0.997
0.058

0.065

0.129
0.001
0.004
0.255




Abbreviation: SOFA=Sequential Organ Failure Assessment, MV=Mechanical ventilation, SAPS=Simplified Acute Physiology
score, PLT=platelet count, IQR=Interquartile range, SD=standard deviation, ECMO=Extracorporeal Membrane Oxygenation
D1=dayl, DM=diabetes mellitus, CNS= central nervous system

tFor categorical variables, the Chi-square test or Fisher's exact test was used, and n (%) was reported.

A t-test or Mann-Whitney test was used for continuous variables, and mean (SD) or median [IQR] was reported.

Table 8. Univariate and multivariate Cox regression analysis of 28-day mortality (Total N=194;

Number of dead patients = 91).

Univariate Multivariate
HR (95% CI) P HR (95% CI) P
Group CRRT Ref Ref
PMXB  0.37(0.19,0.71) 0.001 0.39(0.19,0.78) 0.008
Age 0.99(0.98,1.01) 0.669 0.99(0.97,1.01) 0.467
Lactate 1.05(1.02,1.10) 0.008 1.04(0.99,1.08) 0.054
Initial SOFA 1.05(1.00,1.12) 0.072 0.94(0.87,1.01) 0.114
MV 0 Ref Ref
1 2.07(1.35,3.15) <.001 1.05(0.59,1.86) 0.85
Steroid 0 Ref Ref
1 1.22(0.80,1.87) 0.158 0.84(0.52,1.35) 0.473
SAPS 1.03(1.02,1.05) <.001 1.04(1.02,1.06) <.001
Hema. 0 Ref Ref
1 241(1.38,4.21) 0.020 1.91(1.01,3.62) 0.045
Charlson 0.97(0.90,1.06) 0.963 0.96(0.87,1.05) 0.391

Abbreviation: SOFA=Sequential Organ Failure Assessment, MV=Mechanical ventilation, SAPS=Simplified Acute Physiology

score, Charlson=Charlson comorbidity score
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DISCUSSION

Our registry was created to describe the actual clinical use of the PMX-HP investigating data from

unselected populations with sepsis. In this retrospective, multicenter cohort study involving adult

patients with sepsis admitted in the ICUs, we found that no significant difference was observed in

the delta SOFA score between the PMX-HP and CRRT groups, which implies that the use of PMX-

HP did not reduce the progression to multiorgan failure compared with the use of CRRT. The results

of our study suggest that the use of PMX-HP has an advantage in terms of survival at day 28

compared with the use of CRRT, as shown in the crude analysis. However, the mortality rate of the

PMX-HP group did not improve compared to that of the CRRT group after adjusting for multiple

baseline variables. Moreover, significant differences were observed in the number of ventilator-free

days at 28 days, the length of ICU stay, change in clinical frailty scale, and change in the use of

vasopressors from day 0 to day 7 as well as day 14 between the two groups; significant difference was

also observed in the length of hospital stay and change in platelet count from day 0 to day 7

between two groups.

Inflammatory response to sepsis, including increased cytokine levels and endotoxin levels, has

been correlated with MOF, and extracorporeal therapies have been considered supplementary

procedures by removing such mediators or lowering the levels of endotoxins'®3*3°, Moreover, the

19



technological progressions in blood purification for patients with sepsis have a broadened

spectrum, such as high-volume hemofiltration, coupled plasma filtration adsorption, and

hemadsorption with PMX or CytoSorb. However, their validity in modulating systemic inflammation

and improving the different physiologic parameters and mortality rates remained

controversiall71824.2540

The mortality rate of the PMX-HP group in this study proved to be lower than that of CRRT only

group using multivariate cox regression analysis and Kaplan Meier analysis. Brouwer WP et al.

reported that the mortality rate of the CRRT only group was lower than the estimated mortality rate

in patients with sepsis.***? In real-world studies, the mortality rate of CRRT was shown to be 51%

according to Brouwer WP et al. and 47.6% according to Christopher Rugg et al.*** The mortality

rate of the CRRT group in this study was similar compared to that reported in other studies. The

mortality rate of the PMX-HP group was 32% according to Dinna N. et al. and 25% according to

Cantaluppi et al,; the mortality rate of the PMX-HP group in this study was similar to that reported

in previous studies. Taken together, our study suggests that PMX-HP improved the survival of

patients with sepsis?®4, as shown in the results of the crude analysis. However, mortality benefit has

disappeared after propensity matching was conducted, which implies that the multivariable factors

in baseline characteristics affect the results of the crude analysis. This result matches with those of
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some previous studies, which showed that PMX-HP had no benefits in mortality.26404546

Trends in progression to organ failure, expressed as delta SOFA score in our study, were not

significantly delayed in the PMX-HP group as compared with the CRRT group, and this was

unexpected in this study. In this study, the difference in the SOFA score between the two groups

obtained through crude analysis on day 7 was not seen after propensity score matching. The

difference in crude analysis appears to be due to the difference in severity between the two groups.

We also assume that it is because, in this study, many patients died in the CRRT only group (37.9%)

compared with the PMX-HP group (0%) within 6days from time zero. This means that the delta

SOFA score was compared to only survivors in both groups, which might have affected the results.

The change in the use of vasopressors between day0 and day7 as well as day 14 was presented as

cardiovascular delta SOFA and showed no difference between the two groups. This result conflicts

with those of previous studies by Cutuli SL et al, and Ruberto F et al, which reported an

improvement in hemodynamics status after undergoing PMX-HP*-4° Additional studies are

warranted to compare the PMX-HP group with the CRRP only group.

Platelet count was regarded as an index representing DIC shown in the sepsis course. In other

studies, significant platelet count reduction in the PMX-HP group was reported; this result

corresponds to that of our research but was regardless of the worsening clinical condition of the
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patients. The phenomenon can also be explained as septic cascade evolution.*”*°

Our study has strengths. This was a multicenter trial using the data of sepsis patients who were

recruited within a certain period. In addition, previous studies focused on identifying the effect of

PMX-HP on mortality, while the present study focused on monitoring the change in SOFA score;

hence, the result of this study is significant practically because organ dysfunction is the common

concern among patients in the ICU.

We also have several limitations. A retrospective trial has limitations. First, we could not determine

the proper techniques for performing CRRT or PMX-HP and are unsure whether the standardized

RRT methods should be applied. However, this study provides more practical data because PMX-HP

has been applied in different ways in various centers worldwide. Second, follow-up data on

procalcitonin level, lactate level, whether the patients were still alive or died on day 28, the status of

vasopressor use on a particular date, and sofa score on day 7 were missing. In this study, a group

of patients treated with CRRT or polymyxin B within 72 hours was enrolled. Therefore, one of the

reasons why there is so much missing data is that we did not look at day 2 or day 3 set the criteria

as day 7 or day 14. Third, a difference was observed in the baseline severity of patients probably

due to the different criteria applied in performing PMX-HP or CRRT by various centers, and the

PMX-HP and CRRT use were not randomly assigned in the patient population. The initial multiorgan
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failure and hypoperfusion parameters in global tissues including lactate levels, initial SOFA scores,

and SAPS scores were higher, while the mean arterial pressure was lower in patients treated with

CRRT, which indicates hemodynamic stability, than in patients treated with PMX-HD3!*!. However,

potential confounding and selection biases were accounted for by developing a propensity score

for PMX-HP and CRRT use. We were able to observe the intervention effects on the process of

organ dysfunction and mortality rates, after adjusting for multiple factors. Fourth, the effect of

antibiotic elimination through adsorption therapy was not considered, which was reported

previously>>>®. However, the efficacy of some antibiotics, such as meropenem, which is used in

patients with sepsis, is not influenced by PMX-HP>® Fifth, the calculation of SOFA score is based on

the laboratory data and may not reflect the actual condition of the affected organs; renal SOFA

scores can be influenced by dialysis itself3!. Moreover, the different strategies for managing sepsis

especially CRRT or PMX-HP vary between countries. In a Japanese study, CRRT was applied in 87%

of patients, while PMX-HP was performed in 13% of patients®. However, in this study, only 7% and

2% of the patients with sepsis used CRRT and PMX-HP respectively; therefore, more international

registries or randomized controlled trials should be evaluated in order to confirm the applicability

of this treatment worldwide.

23



CONCLUSION

In conclusion, the use of polymyxin B hemoperfusion has no significant role in delaying the

progression of organ failure compared to the CRRT-only group i this multicenter, retrospective

observational study involving patients with sepsis in South Korea.
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