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Abstract

Background: oXiris is a blood purification product that has
been launched recently in China. In addition to renal func-
tion support and fluid management capabilities, it can also
adsorb cytokines and endotoxins. This may complement
standard treatment for septic acute kidney injury (AKI) pa-
tients to control the amplitude of systemic inflammatory re-
sponse responsible for acute tissue and organ damage. Ob-
jectives of our study are to elucidate characteristics of septic
AKI patients who respond to treatment with oXiris and to
describe the performance of oXiris through patient cases in
the absence of large randomized trials on clinical use of oX-
iris for septic AKI patients in China. Summary: Here, we pres-
ent 4 cases managed in intensive care units of major hospi-
tals in China. Key practical aspects from an expert meeting
discussing these cases have been included as guidance for
the use of oXiris in septic AKI patients. Key Messages: Based
on the experience gathered from 4 cases, oXiris should be

used early in the treatment of septic AKI patients as an adju-
vant therapy with good infection source control. It should
not be used to delay or replace infection source control.
These cases also demonstrated that patients with high risk
of bleeding can use oXiris without additional anticoagula-
tion for up to 36 h without implications on serum protein
levels and platelet count. Short of definitive biomarkers to
gauge the ideal blood purification initiation and discontinu-
ation time for septic AKI patients, clinical judgment is key to
determining optimal use of oXiris in septic AKI patients.
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Introduction
Sepsis is the most common cause of acute kidney in-
jury (AKI) in critically ill patients and is found in almost

50% of patients with severe AKI in the intensive care unit
(ICU) [1, 2]. Continuous renal replacement therapy
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(CRRT) is recommended for management of septic AKI
patients, particularly those with hemodynamic instability
or fluid overload [3]. However, detailed guidance on
CRRT for these patients has not been established, partly
owing to incomplete understanding of the pathophysiol-
ogy of sepsis beyond the involvement of inflammatory
mediators.

oXiris is a next-generation extracorporeal blood puri-
fication (EBP) device that employs diffusive, convective,
and adsorptive techniques for CRRT and endotoxin and
cytokine elimination [4-9], while reducing membrane
thrombogenicity via local inhibition of coagulation [4, 5].
In vitro filtration and observational studies have shown
that oXiris removes a wide spectrum of immune response
mediators, notably, almost 100% of interleukin-10 and
approximately 90% of interleukin-6, high-mobility group
box 1 protein, and tumor necrosis factor-a [10]. Endo-
toxin adsorption is viewed as an innovative approach to
support standard sepsis treatment by controlling the de-
gree of systemic inflammatory response that causes acute
tissue and organ damage in sepsis [11-13].

Although oXiris has been approved for use in Europe
for some years, it has only been launched recently in Chi-
na, with approval from the China Food and Drug Admin-
istration for use in providing continuous fluid manage-
ment and renal replacement therapies in patients with
acute renal failure and/or fluid overload [5]; as of January
17, 2018, 78 sets of oXiris have been used to treat 29 pa-
tients in mainland China [14]. However, owing to the
paucity of data in China, there are still many uncertainties
around the clinical application of oXiris, particularly in
sepsis management. In the absence of large randomized
trials in Asian patients, case studies and observational
studies provide valuable data to inform clinical practice
and trial design.

Here, we present 4 such cases from Tier 1 hospitals in
China, including Queen Mary Hospital, West China Hos-
pital of Sichuan University, Nanjing Zhongda Hospital of
Southern Medical University, and Zhujiang Hospital of
Southern Medical University. Practical aspects that were
discussed at an expert meeting are included as guidance
for use of oXiris in septic AKI patients.

Case Descriptions

Case 1

A 66-year-old man presented on March 28,2017, with a 10-day
history of pain and swelling with blister formation on the left leg
after hitting his knee against a metal railing. Bedside aspiration of
the blister fluid revealed Gram-positive cocci in clusters, and a pro-
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visional diagnosis of necrotizing fasciitis was made. An emergency
through-knee amputation of the left leg was performed on the
same day, after which he was put on mechanical ventilation and
transferred to the ICU. He received norepinephrine at an infusion
rate of 0.9 ug/kg/min. Multiorgan failure with anuric AKI ensued.
Blood tests showed creatinine 289 umol/L, potassium 3.9 mmol/L,
creatine kinase 1,637 U/L, base excess -8 mEq/L, lactate
8.1 mmol/L, international normalized ratio 1.4, and leukocyte
count 1.7 x 10%/L.

Continuous venovenous hemofiltration (CVVH) using the 0X-
iris hemofilter without additional anticoagulant was initiated 2 h
after admission to the ICU (Table 1; Appendix 1). The CVVH was
stopped after 16 h because of the need for operation for further
debridement. Upon termination of CVVH with oXiris, the
norepinephrine dose was significantly reduced to 0.3 pg/kg/min,
lactate decreased to 4.9 mmol/L, and urine output was maintained
at 30-50 mL/h.

The infection had spread progressively despite broad-spec-
trum antibiotics and initial debridement. An emergency left hip
disarticulation was performed on March 30, and a below-knee
amputation of the right leg was performed on March 31. Intraop-
erative tissue specimen and blood culture revealed infection with
multidrug-resistant Acinetobacter baumannii. On April 2, he de-
veloped blistering over the abdominal wall and refractory shock,
requiring escalating doses of norepinephrine. His family refused
further surgical debridement or amputation. He succumbed on
April 4.

Case 2

A 51-year-old man suffering from upper abdominal discom-
fort for over a year and an abdominal mass for over 2 months was
admitted on September 12,2017. Preoperative ultrasound revealed
an abdominal mass with gastric fistula. Abdominal tumor resec-
tion, partial intestinal resection and anastomosis, enterolysis, and
cholecystectomy were performed with exploratory laparotomy,
and severe abdominal adhesions were noted intraoperatively. Two
days later, his condition worsened and he was diagnosed with sep-
tic shock, multiple organ dysfunction syndrome (MODS), myelo-
suppression, and hypoproteinemia. His blood pressure decreased
to 70/40 mm Hg, with fluid overload of more than 12 L. He was
given norepinephrine, red blood cell and plasma transfusion, me-
chanical ventilation, a broad-spectrum antibiotic, and rapid rehy-
dration.

A second exploratory laparotomy revealed build-up of pus
and dark fluid in the peritoneum, a 1 x 1 cm ulcer perforation
on the anterior wall of the greater gastric curvature, and the
greater omentum was ischemic, edematous, and necrotic. Partial
resection of the stomach with further enterolysis, greater omen-
tum resection, and excision of accessory spleen was performed.
Severe edema and sporadic petechia, chemosis of the conjunc-
tiva, and peripheral cyanosis were noted intraoperatively. The
abdominal wound remained unclosed with the presence of exu-
date. Urine was produced at a rate of 5-10 mL/h with a dark
color.

Routine CRRT therapy was initiated on September 15, and a
broad-spectrum antibiotic, amikacin, and caspofungin were pre-
scribed. After 2 days, his conditions worsened with a gradual de-
crease in urine volume and no significant improvement in fluid
overload. Platelet count was 3 x 10°/L, and peritoneal effusion cul-
ture was positive for Enterobacter aerogenes and Pseudomonas ae-
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Table 1. Treatment details and outcomes

Case 1

Case 2

Case 3

Case 4

History

oXiris prescription*

Outcomes parameters (before and

after oXiris initiation)
Serum creatinine, pmol/L

Urine output, mL/h

Lactate, mmol/L

Norepinephrine dose, pug/kg/min

PCT
SOFA score
Duration per oXiris filter, h

- 66-year-old man

- Necrotizing fasciitis
(Gram-positive cocci)

- Infection spread —
multiple amputations;
multiorgan failure with
anuric AKI

- Acinetobacter baumannii
was found later from blood
culture and intraoperative
specimen

CVVH (25 mL/kg/h;

no additional anticoagulant)

289 — 161 (48 h after
oXiris termination)

<50 — <20 (in the first
12 h of oXiris termination) —
>50 (after 12 h of oXiris
termination)

8.1—-49

0.9 -03

N/A

16 - 14

16

- 51-year-old man

- Abdominal mass
with gastric fistula

- Surgical removal —
septic shock, MODS,
myelosuppression,
hypoproteinemia, anuric

CVVHDF (30-35 mL/kg/h;
no additional anticoagulant)

98 — 90

<50 — 250

14.5 - 4.3
1.5-0
100 — 18
15 - 12
12

- 52-year-old man

- Fever, oliguria,
diaphragmatic hernia

- Surgical removal —
conditions worsened
with sepsis, hemodynamic
instability, and AKI

CVVH (43 mL/kg/h;
citrate)

436 — 84

N/A

24-09
1.0 - 0.07
30-2

16 -9

- 26-year-old man

- Severe acute pancreatitis,
sepsis, MODS, lower
gastrointestinal tract
bleeding, hypovolemic
shock, acute renal failure,
bilateral pneumonia,
paralytic ileus, and
hyperlipidemia — surgery

CVVH (40 mL/kg/h; no
additional anticoagulant)

452 - 111

<50

14 - 1.1

0.55 - 0.1

>200 - 76

14 - 13

14, 36,12 and 18 (4 sets)

* For more details on the oXiris prescription for each case, please see Appendix 1.

AKI, acute kidney injury; CVVH, continuous venovenous hemofiltration; CVVHDF, continuous venovenous hemodiafiltration; MODS, multiple organ dysfunction
syndrome; N/A, not available; PCT, procalcitonin; SOFA, Sequential (sepsis-related) Organ Failure Assessment.

ruginosa. CRRT with oXiris was initiated on September 18 (Ta-
ble 1; Appendix 1). After 3 days, urine output returned to
200- 250 mL/h, lactate decreased, fluid balance improved, and
norepinephrine was no longer required. Platelet level was not
affected by oXiris, and coagulation was not observed during the
12 h of heparin-free treatment. He was subsequently treated with
conventional CRRT for approximately 3 weeks. After 71 days of
ICU treatment, MODS caused by septic shock was cured, and the
patient was transferred out of the ICU.

Case 3

A 52-year-old man was admitted on October 9, 2017, after suf-
fering from abdominal pain for 13 days. He had fever and oliguria
and had been in a minimally conscious state for 2 days. Surgery
was performed on a suspected case of diaphragmatic hernia. One
week postsurgery, he experienced fever, decreased urine output,
decreased blood pressure, increased pulse rate, and cold limbs and
remained in a minimally conscious state, with no improvement
after norepinephrine infusion. On October 22, he was transferred
to the ICU, where surgical wound care continued. Laboratory tests
revealed elevated white blood cells, platelets 199 x 10°/L, lactic acid
4.4 mmol/L, and creatinine 436 umol/L. The preliminary diagnosis
was sepsis with abdominal infection, enterogenous infection, and
grade 3 AKL

Three hours later, conventional CRRT was initiated as a re-
sult of anuria and hemodynamic instability. He was switched to
oXiris 2 days later (Table 1; Appendix 1), after which
norepinephrine was reduced from 1 to 0.22 ug/kg/min, with
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further reduction to 0.07 pg/kg/min 24 h later. The oXiris filter
was replaced after 24 h, and he was withdrawn from norepi-
nephrine 48 h later. While receiving treatment with oXiris, his
condition improved significantly. He was discharged on No-
vember 7.

Case 4

A 26-year-old man was admitted on December 10, 2017, com-
plaining of abdominal pain and distension for the past 22 days. He
was diagnosed with severe acute pancreatitis, sepsis, MODS, lower
gastrointestinal tract bleeding, hypovolemic shock, acute renal
failure, bilateral pneumonia, paralytic ileus, and hyperlipidemia.
He was treated with antibiotics, mechanical ventilation, CRRT,
and blood transfusion, but his condition did not improve. On
December 10, he was transferred to the ICU with creatinine
452 pmol/L. Conventional CRRT was initiated, and abdominal
paracentesis was performed 2 days later. On December 18, his con-
dition progressed with abdominal distention. Abdominal comput-
ed tomography suggested gastrointestinal perforation and surgery
was performed. EBP with oXiris was initiated postsurgery (Table
1; Appendix 1).

Four sets of oXiris were used, all without additional heparin
anticoagulant. Coagulation occurred after 14, 36, and 12 h for the
first, second, and third sets, respectively. Coagulation for the
fourth set occurred after 18 h, but it was suspected to be related to
plasma transfusion. While on treatment with oXiris, oxygenation
index improved significantly, and albumin was only minimally af-
fected. The suspected cause of progressive decline in platelet count
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was related to overall worsening of his condition and unrelated to
use of oXiris.

Eventually, oXiris was discontinued because of low platelet
count and he received platelet infusion. Ascitic fluid culture re-
vealed infections with multidrug-resistant bacteria and fungi. On
December 27, his condition further deteriorated. He declined fur-
ther treatment for financial reasons and was discharged.

Discussion

Overview

We present 4 cases of sepsis-induced AKI patients who
received renal replacement treatment with oXiris at Tier
1 hospitals in China, to gain further insights into the use
of oXiris for the stabilization of critically ill patients. Prac-
tical aspects from these cases are summarized below.

Early Intervention and Good Control

of Infection Source

Currentrecommendations for management of bacteri-
al-induced sepsis is to provide antibiotic administration
within 3 h of suspected sepsis [12, 15-18]. In addition to
early and targeted intervention to control the infection
source, there is renewed interest in the role of endotoxin
and cytokine removal for improving outcomes in critical-
ly ill patients [19, 20]. The above cases demonstrated sta-
bilization of the patients’ hemodynamics and biochemical
parameters with adequate infection source control and the
early use of oXiris within 6-24 h of suspected sepsis.

Furthermore, oXiris should not be used to delay or re-
place infection source control. These cases illustrate that
oXiris should be used as an adjuvant therapy in the man-
agement of sepsis. Septic patients require appropriate
surgical and pharmacological interventions to manage
organ dysfunction and infection. Similarly, while these
cases demonstrated that oXiris can provide hemodynam-
ic stability for the septic AKI patient, this may not have
been possible if the infection source control was inade-
quate. Clearance of antibiotics during CRRT should also
be monitored closely so that dosage adjustments can be
made when necessary.

It should be noted that response to oXiris may differ
in septic patients infected by Gram-positive versus Gram-
negative bacteria, as endotoxin is only produced by
Gram-negative bacteria [13, 21]. However, endotoxemia
can also occur in patients with Gram-positive infections,
potentially linked to the translocation of normal gut flora,
which comprises mainly Gram-negative bacteria [22].
Therefore, endotoxin removal will likely benefit all pa-
tients suffering from bacterial-induced sepsis. However,
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further research will be helpful in elucidating potential
differences in endotoxin removal effectiveness and out-
comes between different bacterial infection sources.

Indicators of Treatment Initiation with oXiris

To date, none of the contested biomarkers for sepsis
are perfect. For example, procalcitonin has an early and
sustained response profile after infection, and its detec-
tion assay is rapid and widely available, but the sensitivity
and specificity of current assays are, on average, only 77
and 79%, respectively [23, 24]. In contrast, endotoxins are
elevated transiently during the acute phase of an infec-
tion, and detection assays with high specificity are not
widely available [21]. Elevated endotoxin can be induced
by a number of triggers, and its short detection window
usually precedes the patient’s presentation to the ICU.

Although the majority of studies to date indicate a lack
of clinical improvement in critically ill patients with AKI
after removal of cytokines through hemofiltration [19], the
studies demonstrating positive results should not be disre-
garded. The paucity of studies demonstrating positive out-
comes after EBP initiation may, atleast in part, be linked to
patient heterogeneity, the complexity of each case, and the
experience of the managing physician, affecting treatment
factors such as initiation time, which cannot be standard-
ized in the absence of indicative biomarkers. Short of de-
finitive biomarkers to gauge the ideal EBP initiation time
for septic AKI patients, clinical judgment is critical for de-
termining the optimal time for initiating EBP with devices
such as oXiris. Presence of hyperinflammatory state and/
or hemodynamic instability with use of vasopressor in pa-
tients with septic AKI should be considered for early EBP
initiation with oXiris, together with infection source con-
trol and standard sepsis care, without waiting for diagnos-
tic confirmation of abnormal biomarker levels.

Experience with oXiris Performance

Based on clinical experience from the cases reported
here, patients with high risk of bleeding can use oXiris with-
out anticoagulation for up to 36 h with no implications on
serum protein levels and platelet count. To avoid adsorp-
tion saturation, it is reccommended in the product label to
change the filter set once every 24 h to ensure filter perfor-
mance, with an upper limit of 72 h and/or a maximum pro-
cess volume of 780 L of blood, whichever occurs first [5].

Optimal Discontinuation Time for oXiris

While specific guidance and clinical indicators for
oXiris discontinuation could be helpful, they are not
available; therefore, discontinuation should be personal-
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ized and determined on a case-by-case basis, based on the
initial treatment goals and the patient’s condition. Poten-
tial discontinuation indicators gathered from these cases
include improvement in hemodynamics with reduction
of vasopressor dose, reduction in lactate and proinflam-
matory markers, and improvement in urine output.

Conclusions and Next Steps

oXiris should be used early in the treatment of septic
AKI patients as an adjuvant therapy with good infection
source control. The optimal timing of initiation, duration
of therapy, and target population (Gram-negative or
Gram-positive bacteremia) will warrant further studies.

Practical aspects gathered from these cases could also be
helpful for developing appropriate inclusion criteria and
study designs for future case—control studies and random-
ized controlled studies in Asian patients, which should be
carefully designed with standardized treatment initiation
time, standardized dosing increments, and defined sec-
ondary endpoints indicating clinical improvement. Data
from such trials would provide critical evidence to inform
the clinical use of oXiris in septic AKI management.

Appendix

oXiris Prescription Details

Acknowledgments
The authors would like to thank the patients and their families
for their contribution to this publication. Writing assistance was

provided by Carmen Chu from Mudskipper Business Consulting
(Shanghai) Limited, funded by Baxter (China).

Disclosure Statement
M.RM., M.W., Q.Y., and X.L. are employees of Baxter Health-

care Corporation and hold Baxter stocks. All other authors have
no conflicts of interest to declare.

Funding Source

This research was not supported by any grants from funding
agencies in the public, commercial, or not-for-profit sectors.

Ethical Approval

All subjects enrolled in this research have given their informed
consent.

Case 1 Case 2 Case 3 Case 4
Start time 19:00 28/03/2017 13:30 18/09/2017 18:45 24/10/2017 03:30 19/12/2017
End time 13:00 29/03/2017 20:10 21/09/2017 15:51 27/10/2017 06:00 23/12/2017
Mode* CVVH CVVHDF CVVH CVVHDF
Dose, mL/kg/h 24 30-35 43 40
Dialysate flow rate (Qq), mL/h 0 1,000 0 1,600
Blood flow (Qp), mL/min 180 200 180 200
Predilution, mL/h 800 0 2,000 1,400
Postdilution, mL/h 800 1,000 1,000 200
Fluid balance, mL/h -100to 0 —250 to 0 -100to O -100to 0
Additional anticoagulant None None Citrate None
Replacement fluid Na* 140 mmol/L,  Na* 140 mmol/L, = Na* 140 mmol/L, = Na* 140 mmol/L,
K" 0 mmol/Land K*4 mmol/L and K* 4 mmol/L and K* 4 mmol/L and
HCO;5 35 mmol/L  HCOj;™ 35 mmol/L  HCO;™ 35 mmol/L  HCO;™ 25 mmol/L
Replacement fluid rate (Q,), mL/h 1,600 1,000 3,000 1,600
Duration per filter, h 16 12 24 14, 36, 12, and 18 (4 sets)

* CVVH, continuous venovenous hemofiltration; CVVHDF, continuous venovenous hemodiafiltration.
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