
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2023 September 16; 11(26): 6031-6317

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I September 16, 2023 Volume 11 Issue 26

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 11 Number 26 September 16, 2023

MINIREVIEWS

Diabetes among Muslims during Ramadan: A narrative review6031

Ochani RK, Shaikh A, Batra S, Pikale G, Surani S

ORIGINAL ARTICLE

Retrospective Cohort Study

Clinical evaluation of ventilation mode on acute exacerbation of chronic obstructive pulmonary disease 
with respiratory failure

6040

Wang JJ, Zhou Z, Zhang LY

Retrospective Study

Predictive value of preoperative albumin-bilirubin score and other risk factors for short-term outcomes 
after open pancreatoduodenectomy

6051

Zavrtanik H, Cosola D, Badovinac D, Hadžialjević B, Horvat G, Plevel D, Bogoni S, Tarchi P, de Manzini N, Tomažič A

Lyophilized recombinant human brain natriuretic peptide for chronic heart failure: Effects on cardiac 
function and inflammation

6066

Li F, Li H, Luo R, Pei JB, Yu XY

Continuous renal replacement therapy with oXiris® in patients with hematologically malignant septic 

shock: A retrospective study

6073

Wang J, Wei SR, Ding T, Zhang LP, Weng ZH, Cheng M, Zhou Y, Zhang M, Liu FJ, Yan BB, Wang DF, Sun MW, Cheng WX

Serum basic fibroblast growth factor and interleukin-1β predict the effect of first-line chemotherapy in 
patients with advanced gastric cancer

6083

Zheng L, Gan LH, Yao L, Li B, Huang YQ, Zhang FB, Kuang MQ, Fang N

Multinucleated giant cells of bladder mucosa are modified telocytes:  Diagnostic and 
immunohistochemistry algorithm and relation to PD-L1 expression score

6091

Gulinac M, Velikova T, Dikov D

Clinical Trials Study

Comparing the efficacy of regen-cov, remdesivir, and favipiravir in reducing invasive mechanical 
ventilation need in hospitalized COVID-19 patients

6105

Hegazy SK, Tharwat S, Hassan AH

META-ANALYSIS

Risk factors for stroke recurrence in young patients with first-ever ischemic stroke: A meta-analysis6122

Xia Y, Liu H, Zhu R



WJCC https://www.wjgnet.com II September 16, 2023 Volume 11 Issue 26

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 26 September 16, 2023

SCIENTOMETRICS

Unveiling the hidden world of gut health: Exploring cutting-edge research through visualizing 
randomized controlled trials on the gut microbiota

6132

Zyoud SH, Shakhshir M, Abushanab AS, Koni A, Shahwan M, Jairoun AA, Abu Taha A, Al-Jabi SW

CASE REPORT

Rivaroxaban for the treatment of heparin-induced thrombocytopenia with thrombosis in a patient 
undergoing artificial hip arthroplasty: A case report

6147

Lv FF, Li MY, Qu W, Jiang ZS

Mepolizumab induced palmoplantar psoriasis: A case report6154

Artosi F, Diluvio L, Vultaggio M, Campione E, Bianchi L

Early diagnosis of renal pelvis villous adenoma: A case report6159

Li LL, Song PX, Xing DF, Liu K

Identification of the dominant loop of a dual-loop macro-reentry left atrial flutter without prior 
intervention using high-density mapping technology: A case report

6165

Yu SD, Chu YP

Surgery for fibrous dysplasia associated with aneurysmal-bone-cyst-like changes in right proximal femur: 
A case report

6170

Xie LL, Yuan X, Zhu HX, Pu D

Efficacy of abatacept treatment in a patient with enteropathy carrying a variant of unsignificance in CTLA4 
gene: A case report

6176

Musabak U, Erdoğan T, Ceylaner S, Özbek E, Suna N, Özdemir BH

Postpartum hemophagocytic lymphohistiocytosis: A case report6183

An JH, Ahn JH

Non-arteritic anterior ischemic optic neuropathy combined with branch retinal vein obstruction: A case 
report

6189

Gong HX, Xie SY

Large colonic lipoma with a laterally spreading tumor treated by endoscopic submucosal dissection: A 
case report

6194

Bae JY, Kim HK, Kim YJ, Kim SW, Lee Y, Ryu CB, Lee MS

T/myeloid mixed-phenotype acute leukemia treated with venetoclax and decitabine: A case report6200

Park S, Jeong EJ, Kang JH, Lee GW, Go SI, Lee DH, Koh EH

Severe inflammatory disorder in trisomy 8 without myelodysplastic syndrome and response to 
methylprednisolone: A case report

6206

Pan FY, Fan HZ, Zhuang SH, Pan LF, Ye XH, Tong HJ



WJCC https://www.wjgnet.com III September 16, 2023 Volume 11 Issue 26

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 26 September 16, 2023

Aggressive variant prostate cancer: A case report and literature review6213

Weng XT, Lin WL, Pan QM, Chen TF, Li SY, Gu CM

Typical Zollinger-Ellison syndrome-atypical location of gastrinoma and absence of hypergastrinemia: A 
case report and review of literature

6223

Zhang JM, Zheng CW, Li XW, Fang ZY, Yu MX, Shen HY, Ji X

Left epigastric isolated tumor fed by the inferior phrenic artery diagnosed as ectopic hepatocellular 
carcinoma: A case report

6231

Liu HB, Zhao LH, Zhang YJ, Li ZF, Li L, Huang QP

Squamous cell carcinoma associated with endometriosis in the uterus and ovaries: A case report6240

Cai Z, Yang GL, Li Q, Zeng L, Li LX, Song YP, Liu FR

Intestinal obstruction due to giant liver cyst: A case report6246

Küçük A, Mohamed SS, Abdi AM, Ali AY

Difficulties in diagnosing angiomatoid fibrous histiocytoma of the head and neck region: A case report6252

Michcik A, Bień M, Wojciechowska B, Polcyn A, Garbacewicz Ł, Kowalski J, Drogoszewska B

Efficacy of tolvaptan in an infant with syndrome of inappropriate antidiuretic hormone secretion 
associated with holoprosencephaly: A case report

6262

Mori M, Takeshita S, Nakamura N, Mizuno Y, Tomita A, Aoyama M, Kakita H, Yamada Y

Recurrent hemoptysis in pediatric bronchial Dieulafoy’s disease with inferior phrenic artery supply: A 
case report

6268

Wang F, Tang J, Peng M, Huang PJ, Zhao LJ, Zhang YY, Wang T

Variant of Guillain-Barré syndrome with anti-sulfatide antibody positivity and spinal cord involvement: A 
case report

6274

Liu H, Lv HG, Zhang R

Secondary pulmonary infection by Fusarium solani and Aspergillus niger during systemic steroid treatment 
for COVID-19: A case report

6280

Usuda D, Kato M, Sugawara Y, Shimizu R, Inami T, Tsuge S, Sakurai R, Kawai K, Matsubara S, Tanaka R, Suzuki M, 
Shimozawa S, Hotchi Y, Osugi I, Katou R, Ito S, Mishima K, Kondo A, Mizuno K, Takami H, Komatsu T, Oba J, Nomura T, 
Sugita M

Collision tumor of primary malignant lymphoma and adenocarcinoma in the colon diagnosed by 
molecular pathology: A case report and literature review

6289

Jiang M, Yuan XP

Successful resolution of gastric perforation caused by a severe complication of pancreatic walled-off 
necrosis: A case report

6298

Noh BG, Yoon M, Park YM, Seo HI, Kim S, Hong SB, Park JK, Lee MW

Bilateral dislocation of the long head of biceps tendon with intact rotator cuff tendon: A case report6304

Sohn HJ, Cho CH, Kim DH



WJCC https://www.wjgnet.com IX September 16, 2023 Volume 11 Issue 26

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 26 September 16, 2023

Delayed diagnosis of abdominal Henoch-Schonlein purpura in children: A case report6311

Guo H, Wang ZL, Tao Z



WJCC https://www.wjgnet.com X September 16, 2023 Volume 11 Issue 26

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 26 September 16, 2023

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Vikram K Mahajan, MD, Professor, Dermatology, 
Venereology and Leprosy, Dr. Radhakrishnan Government Medical College, Kangra 177001, Himachal Pradesh, 
India. vkm1@rediffmail.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central, 
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal 
Database, and Superstar Journals Database. The 2023 Edition of Journal Citation Reports® cites the 2022 impact 
factor (IF) for WJCC as 1.1; IF without journal self cites: 1.1; 5-year IF: 1.3; Journal Citation Indicator: 0.26; Ranking: 
133 among 167 journals in medicine, general and internal; and Quartile category: Q4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu; Production Department Director: Xu Guo; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

September 16, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 6073 September 16, 2023 Volume 11 Issue 26

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 September 16; 11(26): 6073-6082

DOI: 10.12998/wjcc.v11.i26.6073 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Retrospective Study

Continuous renal replacement therapy with oXiris® in patients with 
hematologically malignant septic shock: A retrospective study

Juan Wang, Shu-Run Wei, Tong Ding, Li-Ping Zhang, Zhi-Hua Weng, Ming Cheng, Yang Zhou, Meng Zhang, 
Fang-Jun Liu, Bei-Bei Yan, Dan-Feng Wang, Ming-Wen Sun, Wei-Xin Cheng

Specialty type: Hematology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: de Vries PS, United 
States; Nathaniel T, United States

Received: April 21, 2023 
Peer-review started: April 21, 2023 
First decision: June 14, 2023 
Revised: July 4, 2023 
Accepted: July 14, 2023 
Article in press: July 14, 2023 
Published online: September 16, 
2023

Juan Wang, Shu-Run Wei, Tong Ding, Li-Ping Zhang, Zhi-Hua Weng, Ming Cheng, Yang Zhou, 
Meng Zhang, Fang-Jun Liu, Bei-Bei Yan, Dan-Feng Wang, Ming-Wen Sun, Intensive Care Unit, 
Hebei Yanda Hospital, Langfang 065201, Hebei Province, China

Wei-Xin Cheng, Department of Emergency, Peking University International Hospital, Beijing 
102206, China

Corresponding author: Wei-Xin Cheng, MD, Doctor, Emergency Department, Peking 
University International Hospital, No. 1 Life Park Road, Life Science Park of Zhong Guancun, 
Changping District, Beijing 102206, China. 18911652172@163.com

Abstract
BACKGROUND 
The mortality rate from septic shock in patients with hematological malignancies 
(HMs) remains significantly higher than that in patients without HMs. A longer 
resuscitation time would definitely be harmful because of the irreversibly 
immunocompromised status of the patients. Shortening the resuscitation time 
through continuous renal replacement therapy (CRRT) with oXiris® would be an 
attractive strategy in managing such patients.

AIM 
To explore the effects of CRRT and oXiris® in shortening the resuscitation time 
and modifying the host response by reducing inflammation mediator levels.

METHODS 
Forty-five patients with HM were diagnosed with septic shock and underwent 
CRRT between 2018 and 2022. Patients were divided into two groups based on the 
hemofilter used for CRRT (oXiris® group, n = 26; M150 group, n = 19). We 
compared the number of days of negative and total fluid balance after 7 d of 
CRRT between the groups. The heart rate, norepinephrine dose, Sequential Organ 
Failure Assessment (SOFA) score, and blood lactic acid levels at different time 
points in the two groups were also compared. Blood levels of inflammatory 
mediators in the 26 patients in the oXiris® group were measured to further infer 
the possible mechanism.

RESULTS 
The average total fluid balance after 7 d of CRRT in the oXiris® group was 

https://www.f6publishing.com
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significantly lower than that of patients in the M150 hemofilter group. The SOFA scores of patients after CRRT with 
oXiris® therapy were significantly lower than those before treatment on day 1 (d1), d3 and d7 after CRRT; these 
parameters were also significantly lower than those of the control group on d7. The lac level after oXiris® therapy 
was significantly lower than that before treatment on d3 and d7 after CRRT. There were no significant differences 
in the above parameters between the two groups at the other time points. In the oXiris® group, procalcitonin levels 
decreased on d7, whereas interleukin-6 and tumor necrosis factor  levels decreased significantly on d3 and d7 after 
treatment.

CONCLUSION 
CRRT with oXiris® hemofilter may improve hemodynamics by reducing inflammatory mediators and playing a 
role in shortening the resuscitation period and decreasing total fluid balance in the resuscitation phases.

Key Words: Hematological malignancy; Septic shock; oXiris® hemofilter; Blood purification; Fluid balance

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: oXiris® is a high permeability polyacrylonitrile-based membrane with enhanced endotoxic blood adsorption and 
cytokine removal; it can be used either in continuous venovenous hemofiltration or continuous venovenous hemodi-
afiltration. In this study, we explored its effects of shortening the resuscitation time and modifying the host response by 
reducing levels of inflammatory mediators.

Citation: Wang J, Wei SR, Ding T, Zhang LP, Weng ZH, Cheng M, Zhou Y, Zhang M, Liu FJ, Yan BB, Wang DF, Sun MW, Cheng 
WX. Continuous renal replacement therapy with oXiris® in patients with hematologically malignant septic shock: A retrospective 
study. World J Clin Cases 2023; 11(26): 6073-6082
URL: https://www.wjgnet.com/2307-8960/full/v11/i26/6073.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i26.6073

INTRODUCTION
The mortality rate from septic shock in patients with hematological malignancies (HMs) is significantly higher in the 
disease-related immunocompromised state or its management[1]. Septic shock is a subset of sepsis, clinically identified as 
a requirement for vasopressors to maintain the mean arterial blood pressure (MAP) ≥ 65 mmHg despite adequate fluid 
resuscitation and a lactate level > 2 mmol/L[2,3]. It is useful to consider different phases of fluid management in patients 
with septic shock over the course of acute illness, which are the resuscitation, optimization, stabilization, and evacuation 
phases[4]. However, patients with HM admitted to the intensive care unit (ICU) have an increased risk of hospital-
acquired infection, which can deteriorate the patient’s condition and lead to high mortality[5]. Shortening the resus-
citation period, and therefore, shortening the time spent in the ICU by safely adjusting the fluid balance with continuous 
renal replacement therapy (CRRT) would be an attractive strategy, especially for such patients. Moreover, rapid 
improvement has been reported in the hemodynamic status of patients with hematologically malignant septic shock 
treated by CRRT using oXiris®[6]. oXiris® is a high-permeability polyacrylonitrile (AN69)-based membrane (oXiris®, 
Gambro) with enhanced endotoxic blood adsorption and cytokine removal[7] and can be used either in continuous 
venovenous hemofiltration (CVVH) or continuous venovenous hemodiafiltration (CVVHDF). This study explored its 
effects of shortening the resuscitation time and modifying the host response by reducing levels of inflammatory 
mediators.

MATERIALS AND METHODS
This retrospective cohort study was conducted in the ICU of Hebei Yanda Hospital in China between January 1, 2018 and 
January 1, 2022. All patients were treated at the Ludaopei Hebei Yanda Hospital (a special hematological hospital) for 
HM before being diagnosed with septic shock and admitted to the ICU. Blood purification, as a standard approach to 
manage septic shock, was implemented as a host response modifier, using either the oXiris® membrane (observation 
group, n = 26) or the standard M150 hemofilter (AN69 membrane, control group, n = 19). All data were obtained from the 
electronic medical records of Hebei Yanda Hospital. This study was approved by the Ethics Committee of the hospital 
according to Chinese legislation.

Demographic data (sex and age), underlying disease, duration after the primary treatment, Acute Physiology and 
Chronic Health Evaluation II score on the day of admission to the ICU, infection site, possible pathogen, whether 
mechanical ventilation was used, length of ICU stay, survival, or death in the ICU were recorded. Blood, sputum, urine, 
and cerebrospinal fluid samples were obtained for bacterial cultures. We compared the days with negative balance 
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(output > input) and total fluid balance (total liquid input minus total liquid output) 7 d after CRRT between the groups. 
The heart rate (HR), norepinephrine (NE) dose, Sequential Organ Failure Assessment (SOFA) score, and lactate blood 
levels at different time points in the two groups were also compared. Blood levels of inflammatory mediators [procal-
citonin (PCT), interleukin (IL)-6, tumor necrosis factor (TNF)-α] in the 26 patients in the oXiris® group were evaluated to 
further infer the possible mechanism. Three days were needed to obtain a negative balance for the oXiris® group and 7 d 
for the control group. Renal therapy modality (CVVH or CVVHDF), the prescribed dialysis dosage, anticoagulant (citrate, 
heparin, or none), total duration of RRT during the ICU stay, and the number and duration of CRRT sessions performed 
with oXiris® membrane. The time in hours between ICU admission and the initiation of blood purification with the 
oXiris® membrane was also recorded.

Inclusion and exclusion criteria
The inclusion criteria were patients who: (1) Were diagnosed with HM; (2) were in septic shock on admission (met the 
diagnostic criteria of sepsis 3.0[2]); (3) received CRRT treatment (oXiris® filter or M150 filter) after admission; and (4) 
signed the informed consent, or their representative family members did. The exclusion criteria were as follows: (1) 
Failure to meet the inclusion criteria; and (2) ICU stay time < 48 h. The oXiris® group comprised 26 patients who met the 
inclusion criteria and underwent CRRT using the oXiris® membrane as a hemofilter. The control group included 19 
patients who met the inclusion criteria but underwent CRRT using a standard M150 hemofilter (AN69 membrane).

Septic shock management protocol
All patients received standard treatment based on the Sepsis Bundle[3], including initial fluid resuscitation while 
pursuing source control, obtaining further laboratory results, and attaining more precise measurements of their 
hemodynamic status. All patients received organ function support (including invasive and noninvasive mechanical 
ventilation). The underlying condition (HM) of all patients was determined by the chief director of the original hemato-
logical department.

Blood purification protocol
A temporary hemodialysis catheter in the femoral vein (12 Fr-20 cm for adults and 8.5 Fr-11 cm for children; Baihe 
Medical, Guangzhou, China) or internal jugular vein (11.5 Fr-15 cm for adults; Baihe Medical) was inserted under 
echographic guidance. CRRT was performed using either CVVHDF or CVVH. The adsorbing membrane oXiris® (Baxter, 
USA) or the M150 hemofilter (AN69 membrane; Baxter) was used through a Prismaflex CRRT system (Baxter) for the 
observation and control groups, respectively. Blood flow rates were designed to be 150–180 mL/min for adults and 
50–100 mL/min for children, and the prescribed dialysis doses were in the range of 25–30 mL/kg/h based on tolerance. 
Citrate was used as an anticoagulant in the dialysis circuit via continuous infusion. The filters were changed either after 
clotting or after 72 h.

Statistical analysis
SPSS analyses were performed using IBM SPSS Statistics for Windows version 25. Normal distribution data are 
represented as mean ± SD and non-normal distribution data are represented by the quartile [p50 (p25, p75)]. Differences 
between the two groups were compared by independent sample t test; differences at different time points within a group 
were compared by repeated measurement analysis of variance; and multiple comparisons were made using the 
Bonferroni method. Differences between the two groups were compared using the nonparametric Mann–Whitney U test; 
differences at different time points within a group were compared using the nonparametric Friedman analysis; and 
multiple comparisons were made using the Bonferroni correction. The χ2 test was used to compare the differences in 
numerical data, and the Mann–Whitney U test was used to compare the differences in non-normal distribution data; for 
all analyses, P < 0.05 was considered statistically significant.

RESULTS
Patients condition
Overall, 45 patients were included in this study, with 26 in the observation group and 19 in the control group (Table 1). In 
the observation group, 69.23% (18 patients) were admitted after hematopoietic stem cell transplantation (HSCT), 23.08% 
(6 patients) after chemotherapy, and 7.69% (2 patients) after chimeric antigen receptor T-cell immunotherapy (CAR-T). 
Blood cultures tested positive for bacteria in 13 cases (50%), severe pneumonia in eight (30.77%), liver abscess in two 
(7.69%), severe acute pancreatitis in two (7.69%), and splenic abscess in one (3.85%). Nineteen patients (73.08%) were 
supported by invasive mechanical ventilation and seven (26.92%) by either a high-flow nasal cannula (HFNC) or face 
mask. The length of ICU stay ranged from 3 to 87 d and 17 patients (65.38%) survived in the ICU (mortality rate 34.6%).

In the control group, 13 patients (68.42%) were admitted to the ICU after HSCT, five patients (19.23%) were treated 
with chemotherapy, and one (5.26%) was treated with CAR-T before ICU admission. Blood cultures tested positive for 
bacteria in 12 cases, severe pneumonia in five, skin soft-tissue infection in one, and splenic abscess in one. Of the 19 
patients, 14 (73.6%) received invasive mechanical ventilation, whereas the others received either an HFNC or facemask 
oxygen. The length of ICU stay for these patients ranged from 3 to 49 d. Of the 19 patients, 11 died and eight survived, 
resulting in a mortality rate of 57.8% (Table 1).
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Table 1 Description of the patients included in the two groups, n (%)

oXiris® group (n = 26) CRRT group (n = 19) χ2 P value

Management before 0.309f 1

HSCT 69.23 (18) 68.42 (13) 

Chemotherapy 23.08 (6) 19.23 (5) 

CAR-T 7.69 (2) 5.26 (1) 

Source of infection 4.218f 0.592

Positive blood culture 50 (13) 63.15 (12) 

Severe pneumonia 30.77 (8) 26.32 (5) 

Liver abscess 7.69 (2) 

Severe acute pancreatitis 7.69 (2)

Splenic abscess 3.85 (1) 5.26 (1)

Skin soft tissue infection 5.26 (1)

Respiratory support 0.002 0.964

Invasive ventilation 73.08 (19) 73.6 (14)

HFNC or face mask 26.92 (7) 26.4 (5)

APACHE II 26.5 (20.75, 32.25) 29.5 (22.0, 31.25) -0.431z 0.667

Outcome

ICU stay (d) 9.5 (5.75, 22.5) 10.5 (6.5, 24.0) 0z 1

Mortality (%) 34.60 57.80 2.409 0.121

fFisher’s exact test.
zMann–Whitney U test.
APACHE II: Acute physiology and chronic health evaluation II score; CAR-T: Chimeric antigen receptor T-cell immunotherapy; HSCT: Hematopoietic 
stem cell transplantation; ICU: Intensive care unit.

CRRT condition
Among the 26 patients in the oXiris® group, 18 received CVVH and eight received CVVHDF; 25 patients received citrate 
anticoagulant and only one did not receive any anticoagulation treatment. The start-up time of oXiris® was 0.5–48 h, and 
the number of oXiris® membranes used was 1–4. The total duration of the oXiris®–CRRT ranged from 24 to 215 h. Among 
the 19 patients in the CRRT group, 15 received CVVH and four received CVVHDF. Anticoagulation therapy was 
administered to 19 patients. The start-up time for CRRT was 1–28 h and the number of CRRT membranes used was 1–5. 
The total duration of oXiris®–CRRT therapy was 21–256 h (Table 2).

Patients’ fluid balance
We measured the fluid balance of patients treated with oXiris® and those in the control group during the first 7 d after 
CRRT commencement. We found that the oXiris® group had negative fluid balance from day 3 (d3) (273.55 ± 981.09 mL), 
whereas the control group reached a negative fluid balance on d7 (Figure 1). The total fluid balance in the oXiris® group 
was 213.54 ± 2243.22 mL compared with that of the control group, which was 3347.58 ± 4743.07 mL. The total fluid 
balance in the oXiris® group was significantly lower than that in the CRRT group (t = 3.034, P = 0.006) (Figure 2). The 
proportion of negative balance on d3 in the oXiris® group was 46.2%, and the proportion of negative balance on d3 in the 
CRRT group was 26.3%. The proportion of patients with a negative balance on d4 in the oXiris® group was 57.7%, and the 
proportion of negative balance on d4 in the CRRT group was 26.3%. On d4 of blood purification, the proportion of 
patients with a negative balance in the oXiris® group was significantly higher than that in the CRRT group (P = 0.036, 
Table 3).

Patient hemodynamic parameters and organ function
The MAP of all patients was maintained above 65 mmHg during both types of treatment. The HR, NE dose, lactate levels, 
and SOFA scores of patients after CRRT with oXiris® therapy were significantly lower than those before treatment (HR: F 
= 6.743, P = 0.004; NE: H = 3 0.865, P < 0.001; SOFA: F = 7.864, P = 0.002) on d1, d3 and d7 after CRRT. The lactate levels of 
patients were significantly lower after CRRT with oXiris® therapy than before treatment (H = 21.963, P < 0.001) on d3 and 
d7 after CRRT. The HR, NE dose, and SOFA score of the oXiris® group were significantly higher than those of the control 
group on d7 (HR: t = 3.621, P = 0.001; NE: z = 2.931, P = 0.003; SOFA: t = 3.096, P = 0.004). There were no significant 
differences in the above indices between the two groups at other time points, and there were no significant differences in 
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Table 2 Continuous renal replacement therapy treatment condition, n (%)

0.530 (χ2) oXiris® group (n  = 26) CRRT group (n = 19) χ2 P value

CRRT 0.530 0.467

CVVH 18 (69.2) 15 (78.9)

CVVHDF 8 (30.8) 4 (21.1)

citrate 96.15 (25) 100 0.747f 1

No anticoagulation 3.65 (1) 0 0.747f 1

Time between ICU admission and initiation of blood 5 (3, 21.25) 15 (3, 22) -0.761z 0.447

Total CRRT hours 58 (48, 88.5) 86 (39, 122) -0.726z 0.468

Sessions 2 (1, 2) 2 (1, 3) -1.141z 0.254

fFisher’s exact test.
zMann–Whitney U test.
CRRT: continuous renal replacement therapy; CVVH: Continuous venovenous hemodiafiltration; CVVHDF: Continuous venovenous hemodiafiltration; 
ICU: Intensive care unit.

Table 3 Proportion of negative balance of the two groups on d3 and d4, n (%)

oXiris® group (n = 26) CRRT group (n = 19) χ2 P value

d3 12/26 (46.2) 5/19 (26.3) 1.838 0.175

d4 15/26 (57.7) 5/19 (26.3) 4.377 0.036a

aIndicates statistically significant difference compared with the control group (P < 0.05).
CRRT: Continuous renal replacement therapy; d3 and d4, days 3 and 4.

Figure 1 Fluid balance at different times. d1, d2, d3, d4, d5, d6, and d7 represent time after initiation of continuous renal replacement 
therapy. Asterisks and circles indicate outliers. CRRT: Continuous renal replacement therapy.

the lactate levels between the two groups at any of the specified time points. There were no significant differences in the 
above indices between different time points in the CRRT group (HR: F = 0.686, P = 0.566; NE: H = 3.488, P = 0.322; SOFA: 
F = 1.461, P = 0.24; lactate: H = 2.836, P = 0.418) (Figure 3).

Patient infection indicators
The procalcitonin (PCT) before treatment was 15 ± 21 ng/mL; however, 7 d after treatment, it decreased to 3 ± 5 ng/mL (t 
= 2.235, P = 0.004). After oXiris® treatment, IL-6 and TNF-α levels were significantly reduced at 3 d (IL-6: t = 4.766, P < 
0.001; TNF-α: t = 3.369, P < 0.001) and 7 d (IL-6: t = 4.805, P < 0.001; TNF-α: t = 3.998, P < 0.001) after treatment (Table 4).
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Table 4 Perfusion computed tomography and blood cytokine levels in the oXiris® group

d0 d3 d7

PCT (ng/mL) 15 ± 21 14 ± 23 3 ± 5a

IL-6 (pg/mL) 2871 ± 2063 32 ± 16a 9 ± 7a

TNF-α (pg/mL) 12 ± 10 2 ± 1.8a 0.3 ± 0.4a

aIndicates a statistically significant difference compared with the 0 day (P < 0.05).
PCT: Perfusion computed tomography; IL-6: Interleukin 6; TNF-α: Tumor necrosis factor .

Figure 2 Total fluid balance after 7 d of continuous renal replacement therapy in the two groups. aIndicates a statistical difference compared with 
the control group (P < 0.05). Circle indicates an outlier. CRRT: Continuous renal replacement therapy.

DISCUSSION
Despite advances in the identification and treatment of sepsis, the outcome remains poor in patients with HM. Research 
published by Manjappachar et al[8] examined the effect of septic shock on patients with HM. They found that the 
mortality rate was 67.8% at 28 d and only 19.4% of the patients remained alive after 90 d[8]. Sepsis management includes 
three major aspects: infection control, hemodynamic stabilization, and host response modulation. Extracorporeal blood 
purification, using different systems to remove excess mediators and/or endotoxins, has been proposed as a host 
response modification method for the management of septic shock[9]. To date, a few studies have shown that some 
adsorption materials (polymyxin adsorption material[10,11], cytosorb filter[12], AN69 ST[13], and oXiris® filter[14]) affect 
septic shock treatment. The oXiris® membrane is a product based on the AN69 hydrogel structure. Several retrospective 
observational studies and two prospective observational studies have demonstrated the benefits of oXiris®[13,15]. Case 
data from these observational studies were mostly collected while the patients were under anesthesia or in the surgical 
intensive care[16]. Most of the results have confirmed that oXiris® endotoxin adsorption can effectively remove 
endotoxins and cytokines, reduce the inflammatory response, improve hemodynamics and the SOFA score when used 
during treatment of septic shock[12,17]. In a French two-center observational study, 31 patients with septic shock who 
were treated with oXiris® showed significant improvements in the hemodynamics and lactate levels, especially patients 
with abdominal or Gram-negative bacterial infections [18]. In a single-center study, CRRT with an oXiris® blood filter 
improved hemodynamic parameters in 35 patients with sepsis and severe renal insufficiency. The NE dose requirement, 
HR, and lactate levels decreased significantly [12,17,19,20]. In the current study, the oXiris®-endotoxin adsorption device 
was used in patients with septic shock and HM. In the observation arm, we found improved hemodynamics, as 
previously reported. The NE dose requirement, HR, and lactate levels decreased significantly (Figure 3). Moreover, we 
found that with the same septic shock protocol (international guidelines for the management of sepsis and septic shock 
2021)[3], CRRT with oXiris® hemofilter resulted in negative fluid balance 4 d earlier than that by conventional treatment 
(Figure 1). The total fluid balance after 7 d of management was significantly lower in the observation group than in the 
control group (Figure 2). We infer that this may be a clinical sign after modifying the host response effectively. A positive 
fluid balance at 3 d is associated with significantly increased mortality[20]. Patients admitted to the ICU are at increased 
risk of developing hospital-acquired infection. A diagnosis of cancer alone increases the risk of sepsis by 3–5-fold, which 
further increases the risk of nosocomial infection, subsequently deteriorating results and leading to high mortality[5]. 
Therefore, it is particularly valuable for immunocompromised patients.

Studies have shown that the SOFA score can be an effective indicator for assessing the prognosis of HM as there may 
be a strong association between the mortality rate of patients admitted to the ICU and HM[21]. A retrospective cohort 
study conducted in China also found that the initial SOFA score on the day of admission to the ICU, coupled with the 
changes in the SOFA score during admission, was associated with survival outcomes, with a downward trend in the 
SOFA score predicting better patient outcomes[22]. Shum et al[23] found that patients with septic shock who were treated 
with oXiris® had a significant decrease in the SOFA scores at 48 h. Similarly, Adamik et al[24] found that the SOFA scores 
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Figure 3 Trends in the changes in the heart rate, norepinephrine dose, Sequential Organ Failure Assessment score, and lactic acid in the 
two groups. A: Trends in the changes in the heart rate in the two groups; B: Trends in the changes in the norepinephrine dose in the two groups; C: Trends in the 
changes in the Sequential Organ Failure Assessment score in the two groups; D: Trends in the changes in the lactic acid in the two groups. oXiris® group (n = 26), 
control group (n = 19). Asterisks and circles indicate outliers; cIndicates a statistically significant difference compared with control group (P < 0.05); dIndicates a 
statistically significant difference compared with d0 in the oXiris® group (P < 0.05).

decreased from 14 to 7 at 3 d after oXiris® treatment. Our study demonstrated that the SOFA scores declined significantly 
on d3 and d7 post-treatment (Figure 3). PCT, IL-6 and TNF-α levels were significantly elevated before treatment. After 
oXiris® treatment, IL-6 and TNF-α levels were significantly lower than before treatment and PCT level in the blood was 
significantly decreased (Table 4). Turani et al[14] found that the use of the oXiris® filter significantly reduced the levels of 
circulating endotoxins IL-6 and IL-10. Broman et al[25] found significant reductions in endotoxin, IL-6, IL-8, TNF-α, and 
interferon-γ levels after treatment using oXiris® filter compared with a conventional filter.

The main limitations of the present study were its retrospective design and small number of study subjects. The others 
include: (1) No comparison of the changes in endotoxin levels before and after oXiris® treatment; since endotoxin activity 
was not measured in this study, the changes in endotoxin levels before and after oXiris® treatment could not be 
compared; (2) different treatments; the study subjects included in this study received different types of treatment, such as 
HSCT, chemotherapy, or CAR-T, perhaps representing different endotypes of septic shock; and (3) no evaluation of the 
life expectancy of the oXiris® filter. Currently, some experts suggest that the filter should be replaced within 24 h to 
achieve optimal results. Shum et al[23] used an oXiris® filter for 61 h, which effectively improved hemodynamics and 
organ function. Turani et al[14] applied each set of filters for approximately 24 h in their study. In our study, the mean 
time for each filter was 42 h. Further research is required to determine the optimal time for each filter and the overall 
optimal number/duration of treatments.

CONCLUSION
CRRT with an oXiris® hemofilter may be used as a host response modulation method in patients with septic shock and 
HM. This may improve the hemodynamic parameters by reducing the levels of inflammatory mediators. Clinically, it 
might play a role in shortening the resuscitation period and decreasing the total fluid balance in the resuscitation phase, 
thus reducing edema and decreasing the rate of hospital-acquired infection.
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ARTICLE HIGHLIGHTS
Research background
The mortality rate from septic shock in patients with hematological malignancies (HMs) remains significantly higher than 
that in patients without HMs.

Research motivation
Continuous renal replacement therapy (CRRT) with oXiris® might shorten the time from resuscitation to fluid negative 
balance. It may also improve hemodynamic parameters and decrease the blood levels of inflammatory mediators.

Research objectives
This study aimed to explore the effects of CRRT and oXiris® in shortening the resuscitation time as well as a modifier for 
the host response by reducing levels of inflammation mediators.

Research methods
Patients with HMs who were diagnosed with septic shock and underwent CRRT were divided into two groups based on 
the hemofilter used. The days with negative balance and total fluid balance after 7 d of CRRT were compared between the 
groups. The heart rate, norepinephrine dose, Sequential Organ Failure Assessment (SOFA) score, and blood lactic acid 
levels at different time points in the two groups were also compared.

Research results
The average total fluid balance after 7 d of CRRT in the oXiris® group was significantly lower than that of patients in the 
M150 hemofilter group, and the SOFA scores of patients after CRRT with oXiris® therapy were significantly lower than 
those before treatment on day 1 (d1), d3 and d7 after CRRT; these parameters were also significantly lower than those of 
the control group on d7. Lactate levels after CRRT with oXiris® therapy were significantly lower than those before 
treatment on d3 and d7 after CRRT. In the oXiris® group, procalcitonin levels decreased on d7, and interleukin-6 and 
tumor necrosis factor- levels reduced significantly on both d3 and d7 after oXiris® treatment.

Research conclusions
CRRT with oXiris® hemofilter might improve the hemodynamic parameters and play a role in shortening the 
resuscitation period, thus decreasing the total fluid balance in the resuscitation phase.

Research perspectives
CRRT with an oXiris® hemofilter may be used as a host response modulation method in patients with septic shock and 
HM. This may improve hemodynamic parameters by reducing the levels of inflammatory mediators.
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