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ABSTRACT
Introduction:  acute alcohol intoxication can lead to severe complications, including acute kidney 
injury (aKi), acute respiratory distress syndrome (aRdS), and systemic inflammatory response 
syndrome (SiRS). Conventional treatments often fail to stabilize critically ill patients, necessitating 
advanced extracorporeal life support. this study evaluates the effectiveness of extracorporeal 
membrane oxygenation (ECMO) combined with continuous renal replacement therapy (CRRt) and 
hemoperfusion (HP) in managing multi-organ failure after acute alcohol intoxication.
Methodology:  a critically ill patient with alcohol-induced esophageal perforation, aRdS, and aKi 
was treated with ECMO, CRRt, and HP after conventional therapies proved insufficient. CRRt was 
used for fluid management and renal support, while HP facilitated cytokine removal to mitigate 
inflammation. the clinical course was monitored using respiratory parameters, renal function 
markers, inflammatory cytokine levels, and hemodynamic stability.
Results:  the combination therapy improved oxygenation, stabilized renal function, and reduced 
systemic inflammation. the patient successfully underwent surgical repair for esophageal 
perforation and showed full recovery at two-year follow-up.
Conclusion:  integrating CRRt and HP into ECMO circuits offers a novel and effective approach for 
managing renal dysfunction in acute alcohol intoxication. this strategy may improve outcomes in 
critically ill patients requiring extracorporeal support. Further studies are needed to optimize its 
clinical application.

WHAT WAS KNOWN
• acute alcohol intoxication can lead to acute kidney injury (aKi), acute respiratory distress 

syndrome (aRdS), and systemic inflammatory response syndrome (SiRS), requiring intensive 
care.

• Current treatment options, including mechanical ventilation and conventional renal replacement 
therapy, have limited success in severe multi-organ failure cases.

• the combined use of ECMO, CRRt, and hemoperfusion in alcohol-induced multi-organ failure 
has not been well explored, leaving a gap in optimized treatment strategies.

THIS STUDY ADDS
• a novel therapeutic approach integrating ECMO, CRRt, and hemoperfusion to improve 

outcomes in acute alcohol intoxication with aKi and aRdS.
• Clinical evidence that CRRt optimizes renal function and fluid balance, while hemoperfusion 

effectively reduces inflammatory cytokines, contributing to better organ recovery.
• Successful long-term patient recovery, demonstrating that this multimodal extracorporeal 

support enhances survival and may serve as a future guideline for alcohol-induced critical 
illness management.

POTENTIAL IMPACT
• the integration of ECMO, CRRt, and hemoperfusion as a multimodal extracorporeal support 

strategy could significantly improve the management of acute alcohol intoxication complicated 
by aKi and aRdS, leading to better clinical outcomes in critically ill patients.

• this study highlights the importance of combining extracorporeal therapies in managing 
alcohol-related multi-organ failure, potentially influencing clinical guidelines and expanding 
treatment protocols in nephrology and intensive care settings.
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• By demonstrating the effectiveness of this comprehensive extracorporeal life support approach, 
the study could encourage further research and broader clinical adoption, ultimately improving 
survival rates and long-term prognosis for patients experiencing severe alcohol-related 
complications.

Introduction

acute alcohol intoxication is a systemic pro-inflammatory 
condition that can cause multi-system damage [1]. according 
to the World Health Organization, alcohol is responsible for 
approximately 5% of deaths and 5% of the global disease 
burden. about 40% of patients with spontaneous esophageal 
perforation have a history of alcohol abuse or excessive 
drinking [2]. Esophageal perforation is a rare but high-risk 
condition [3]. Research has found that alcohol abuse is inde-
pendently associated with sepsis, septic shock, and mortality 
[4]. Capillary leak syndrome (ClS) is a rare disorder that can 
lead to multi-organ failure and be life-threatening, with sep-
sis being the most common cause [5,6]. alcohol can also 
induce lung injury and increase oxidative stress, resulting in 
acute respiratory distress syndrome (aRdS). despite advance-
ments in ventilation techniques and other therapies, the 
mortality rate for aRdS remains high. Veno-venous extracor-
poreal membrane oxygenation (V-V ECMO) treats patients 
with severe aRdS [7,8]. the European Society of intensive 
Care Medicine’s aRdS guidelines recommend extracorporeal 
membrane oxygenation (ECMO) treatment for severe 
non-COVid-19 patients at qualified ECMO centers, following 
the criteria established by the EOlia trial [7,9].

in recent years, the Ha380 Hemoperfusion (HP) cartridge 
has been found to reduce cytokine levels in the alveoli and 
circulation and balance the dysregulation of inflammatory 
factors [10,11]. Cytokine adsorption devices have been inte-
grated into extracorporeal systems [12]. acute kidney injury 
and fluid overload strongly justify the use of CRRt, which 

allows for more precise fluid management [13]. CRRt is most 
commonly added to the ECMO circuit in patients undergoing 
ECMO. the strategy proposed by Rubin et  al. which involves 
connecting the CRRt drainage line to the post-ECMO pump 
circuit and the return line to the pre-ECMO pump, provides 
an important reference for our approach [14]. incorporating 
the latest research findings, we integrated CRRt and the 
Ha380 cartridge in series within the ECMO circuit, as illus-
trated in Figure 1(a).

Recent studies have further supported the combined use 
of CRRt and HP in treating critically ill patients. a 2022 study 
highlighted that combining CRRt with ECMO can improve 
outcomes for patients with acute kidney injury [15]. 
additionally, research has shown that incorporating cytokine 
adsorption devices into ECMO can more effectively remove 
inflammatory cytokines, enhancing treatment efficacy [16]. a 
2023 study further demonstrated that the combined applica-
tion of CRRt and HP can improve clinical outcomes in criti-
cally ill patients [17].

Clinical value summary

this study explored an integrated treatment strategy incor-
porating CRRt and HP into the ECMO circuit, as illustrated in 
Figure 1. the research indicates that this combination 
improves treatment outcomes for patients with complica-
tions from acute alcohol intoxication through precise fluid 
management and the removal of inflammatory cytokines 
[15]. Specifically, the combination of ECMO, CRRt, and HP 

Figure 1. Schematic diagram of device connections. Note: (a) Diagram showing the device connected in a clinical setting; (B) Diagram illustrating the 
clinical mechanism of device connection. in the blood perfusion system, the drainage end is connected to the post-membrane of the pump, while the 
return end is connected to the anterior end of the pump. For CRRT, the drainage end is connected to the proximal anterior end of the pump, and the 
return end is connected to the distal anterior end of the pump.
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therapy markedly reduces the incidence of complications 
such as esophageal perforation, aRdS, and ClS while decreas-
ing hospital stay duration and medical costs [13]. this 
multi-modal therapy not only addresses complex conditions 
resulting from acute alcohol intoxication but also provides 
comprehensive life support for patients.

additionally, precise volume management and effective 
removal of inflammatory cytokines improved the patient’s 
respiratory function and overall prognosis. after treatment, 
the patient experienced marked improvement in respiratory 
function, alleviation of aRdS symptoms, reduction in inflam-
matory cytokine levels, and decreased pleural effusion. 
long-term follow-up after discharge indicated a good recov-
ery [9]. Currently, there is a lack of research on the simulta-
neous integration of CRRt and HP devices into the ECMO 
circuit. this study fills that gap by providing a novel treat-
ment strategy and theoretical foundation, advancing the 
field [12]. By integrating the latest technologies and thera-
peutic approaches, this study demonstrates the potential 
applications of CRRt and HP within ECMO, offering valuable 
reference points for similar cases [10,16].

in conclusion, this study provides a novel approach to 
managing complications from acute alcohol intoxication by 
integrating advanced therapeutic techniques. this strategy 
not only enhances treatment efficacy but also improves 
patient prognosis.

Case

the patient was a 48-year-old male who experienced sudden 
respiratory distress, lip cyanosis, and incontinence of urine 
and feces three hours after consuming alcohol and subse-
quently vomiting severely. upon arrival at the local hospital, 
he was in a comatose state. arterial blood gas analysis 
showed an oxygen partial pressure of 50 mmHg. immediate 
treatment included fluid resuscitation and mechanical venti-
lation with endotracheal intubation (ventilator settings: FiO2 
100%, PEEP 10 mmHg). after three hours of treatment, hypox-
emia could not be corrected, necessitating urgent V-V ECMO, 
after which the patient was transferred to our hospital. He 
had no significant medical history.

Admission examination

Vital Signs: pulse: 132 beats per minute; blood bressure: 
74/52 mmHg; consciousness: semi-comatose. Physical 
Examination: respiratory sounds were diminished in the right 
lung, with bilateral moist rales noted. no pathological reflexes 
were elicited. laboratory tests: white blood cell count (WBC): 
22.57 × 109/l, interleukin-6 (il-6): 1,918 pg/ml. Bronchoscopy: 
both main bronchi and branches were patent, but a large 
amount of white secretion was observed. Bronchoalveolar 
lavage fluid culture: the presence of Klebsiella pneumoniae 
was detected. imaging studies: bedside chest X-ray: right 
pleural effusion with right lung atelectasis was noted. 
thoracentesis: closed drainage revealed hemorrhagic fluid. 
On the second day, the drainage fluid appeared similar to 

gastric fluid. Methylene blue was injected into the gastric 
tube, and methylene blue was subsequently observed in the 
thoracic drainage tube. Ct Scan: indicated pneumothorax 
and subcutaneous emphysema (Figure 2). Endoscopy: Bedside 
gastroscopy showed acute esophageal injury, suggesting 
perforation.

Treatment process

day 1: upon admission, the patient underwent fluid resusci-
tation and vasopressor therapy to stabilize hemodynamics, 
with continuous support from V-V ECMO. day 2: Pleural effu-
sion was drained via thoracentesis and confirmed gastric. the 
methylene blue test further confirmed esophageal perfora-
tion. day 3: the patient developed severe generalized edema. 
CRRt was initiated in series (Figure 1B) for fluid management 
(table 1), and Ha380 was used to adsorb inflammatory cyto-
kines (2-h sessions, twice daily) along with pharmacological 
treatment. day 4: the patient’s hemodynamics stabilized, 
allowing for the discontinuation of vasopressors. day 5: 
Generalized edema gradually subsided, and the patient’s con-
dition showed significant improvement. day 7: V-V ECMO 
was discontinued as the patient’s spontaneous respiratory 
function recovered. day 13: the patient’s consciousness fully 
recovered, and the condition improved, leading to the 
removal of the ventilator and extubation. day 14: the patient 
was transferred to surgery, where a 9 cm rupture on the right 
side of the esophagus was discovered. Pathological examina-
tion revealed local inflammatory exudation, granulation tis-
sue proliferation, and a foreign body giant cell reaction. day 
59: the patient was discharged in a stable condition, with a 
follow-up period of over two years showing a full recovery. 

Figure 2. Patient’s chest CT images. Note: The images show esophageal 
perforation with the following features: ① Pneumothorax; ② 
Subcutaneous emphysema; ③ Mediastinal emphysema; ④ Bilateral pleu-
ral effusion.
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detailed fluid input and output during the treatment period 
are presented in table 1.

Surgical treatment process

the surgical procedure involved opening the esophageal 
rupture and performing suture repair. Cardiac protection 
measures, including continuous heart rate and blood pres-
sure monitoring, were implemented intraoperatively. 
Postoperatively, the patient received thoracic drainage, pro-
phylactic antibiotic therapy to prevent infection, and cardiac 
function monitoring alongside rehabilitative care.

Blood test indicators

Regular blood tests, including complete blood count and 
biochemical markers, were conducted preoperatively and 
postoperatively. Results showed that the patient’s WBC and 
il-6 levels gradually returned to normal. Other biochemical 
parameters, such as liver and kidney function and electro-
lytes, remained within normal ranges throughout the moni-
toring period.

Postoperative follow-up

the patient demonstrated a good recovery post-surgery, with 
follow-up over two years. Cardiac function assessments 
showed no abnormalities and pain management was effec-
tive. the patient experienced no long-term complications. 
Regular follow-up included imaging studies and laboratory 
tests to monitor long-term recovery.

Nursing interventions

the nursing interventions closely monitored the patient’s 
heart rate, blood pressure, respiratory function, fluid manage-
ment, and nutritional support. nutritional intake was ensured 
through both enteral and parenteral nutrition. antibiotic 
therapy was administered for Klebsiella pneumoniae infec-
tion and continuously monitored infection markers. the 
patient underwent respiratory exercises and physical therapy 
during rehabilitation to enhance pulmonary function and 
overall physical recovery. Flow and pressure monitoring was 
conducted throughout the ECMO treatment to ensure proper 
device operation, with parameter adjustments made accord-
ing to the patient’s condition.

Nutritional and antibiotic support

the patient received enteral and parenteral nutrition during 
treatment to ensure adequate nutritional intake. Based on 
the alveolar lavage fluid culture results, the patient under-
went targeted antibiotic therapy for Klebsiella pneumoniae, 
continuously monitoring infection markers.

Rehabilitation therapy

during rehabilitation, the patient participated in respiratory 
function exercises and physical therapy to enhance pulmo-
nary function and overall physical recovery.

in this case, the combined treatment strategy of ECMO, 
CRRt, and HP demonstrated significant clinical effectiveness 
in managing complications of acute alcohol intoxication. 
Precise fluid management and removing inflammatory fac-
tors led to marked improvements in the patient’s respiratory 
function and overall prognosis. this study provides new 
insights and clinical evidence for the comprehensive treat-
ment of acute alcohol intoxication and its complications.

Discussion

this study is the first to integrate CRRt and HP into the 
ECMO circuit, as illustrated in Figure 3, demonstrating an 
innovative, comprehensive treatment approach. By combin-
ing multiple support technologies with direct blood adsorp-
tion, we aim to evaluate the effectiveness and safety of this 
strategy in managing complications of acute alcohol intoxica-
tion. the study highlights the clinical value of reducing com-
plications and improving prognosis and identifies current 
limitations and directions for future research. it provides new 
scientific evidence and practical guidance for treating acute 
intoxication.

Literature review

We conducted a comprehensive review of articles published 
between 2010 and 2024 using the PubMed database with 
the search terms ‘Extracorporeal Membrane Oxygenation’, 
‘Continuous Renal Replacement therapy’, ‘Hemoperfusion’, 
‘acute alcohol intoxication’, ‘Esophageal Perforation’, and 
‘acute Respiratory distress Syndrome’. as shown in table 2, 
we summarized patients’ clinical presentations, diagnostic 
methods, treatments, and prognoses in the 14 most relevant 

Table 1. Daily fluid input and output during critical care management.

Time

input Output

Crystalloids (ml) Transfusion (ml) albumin (g) Total (ml) urine (ml)
Gastric 

Tube (ml)
Pleural Fluid 

(ml) CRRT (ml) Total (ml)

1st  day 9270 0 20 9370 1545 600 600 1500 2700
2nd  day 4731 0 20 4831 3070 200 1800 4500 9570
3rd  day 4300 800 40 5300 4625 200 800 3800 9425
4th  day 2790 1200 40 4190 7930 200 900 7800 16830
5th  day 2330 0 40 2530 5540 0 620 8300 14460
6th  day 2640 0 40 2840 1600 0 600 11000 13200
7th  day 2024 0 20 2124 4750 0 1100 0 5850
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articles. the applications of these treatments are discussed in 
depth in the following sections.

Secondary mediastinal emphysema (SME) and VV-ECMO 
treatment caused by COVID-19

Previous studies have documented a case of a middle-aged 
male patient who developed extensive SME and retroperito-
neal emphysema following mechanical ventilation. initial 
treatment included VV-ECMO support, the insertion of two 
drainage tubes into the mediastinum and pleural cavity, 
prone positioning, and neuromuscular relaxation therapy. On 
the 15th day, the patient successfully weaned off VV-ECMO, 
recovered, and was discharged. this case suggests that SP 
may indicate extensive alveolar damage and serves as a 
potential predictor of poor prognosis in critically ill 
SaRS-CoV-2 patients [18]. Furthermore, it underscores the 
importance of early identification and management of com-
plications in COVid-19 treatment, particularly in patients 
undergoing mechanical ventilation. COVid-19 can cause 
extensive lung damage, leading to various complications, 
including SP, which are particularly common in severe cases. 
VV-ECMO provides essential respiratory support, alleviating 
the mechanical burden on the lungs. drainage and prone 

positioning help reduce gas accumulation and improve ven-
tilation/perfusion mismatch. the success of this treatment 
strategy demonstrates the potential of multimodal manage-
ment in critically ill COVid-19 patients. However, this approach 
requires high monitoring and resources, emphasizing the 
importance of multidisciplinary collaboration in inten-
sive care.

ARDS and ECMO treatment due to carbon monoxide 
poisoning and inhalation injury

in this study, a patient developed aRdS and a cytokine storm 
following carbon monoxide poisoning and inhalation injury 
from a fire. the patient recovered after implementing ECMO 
and direct HP using a polymyxin B-immobilized fiber column 
in the emergency department. this case indicates that early 
application of ECMO and HP may be effective in acute respi-
ratory failure accompanied by a cytokine storm. this treat-
ment approach rapidly improves oxygenation and effectively 
controls the inflammatory response, enhancing patient sur-
vival rates [19]. aRdS caused by carbon monoxide poisoning 
and inhalation injury is a complex and potentially fatal con-
dition where traditional treatments often have limited effec-
tiveness. ECMO provides extracorporeal oxygenation support, 

Figure 3. application of eCMO combined with CRRT and HP in acute alcohol intoxication complications.
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while polymyxin B HP efficiently removes inflammatory medi-
ators, mitigating the systemic inflammatory response associ-
ated with a cytokine storm. the success of this combined 
treatment strategy suggests that early multimodal interven-
tion can improve survival rates and reduce long-term compli-
cations in extremely acute situations.

Acute respiratory failure and acute kidney injury from 
leptospirosis treated with ECMO

a previous case involved a patient who developed severe 
acute respiratory failure and acute kidney injury after con-
tracting leptospirosis from water exposure. treatment with 
VV-ECMO and HP improved the patient’s oxygenation and 
lung compliance, allowing for successful weaning from ECMO 
and eventual discharge [20]. this case illustrates that the 
combined use of ECMO and HP can effectively manage acute 
respiratory and multi-organ failure resulting from severe 
infections. the timely initiation of these interventions is cru-
cial, particularly in cases of multi-organ failure. therefore, the 
comprehensive use of advanced life support technologies 
can improve survival rates and recovery speeds in complex 
infectious cases.

Streptococcal toxic shock syndrome (STSS) and multimodal 
ECMO treatment

in a previous study, a patient developed StSS five days after 
a Cesarean section. despite the ineffectiveness of conven-
tional treatments, the patient gradually stabilized and recov-
ered through a combined treatment approach involving 
Veno-arterial Extracorporeal Membrane Oxygenation 
(Va-ECMO), Seraph 100 HP, and a selective cytogenetic device 
(SCd) [22]. this case is the first to report the use of Va-ECMO, 
Seraph 100 HP, and SCd in combination, highlighting the 
potential of this multimodal ECMO support strategy. the case 
underscores the promising application of multimodal therapy 
in managing extremely critical conditions. StSS is a severe 
infection caused by invasive group a Streptococcus, often 
associated with high mortality. traditional treatment meth-
ods include antibiotics, surgical debridement, and supportive 
care, often insufficient in severe cases. Va-ECMO provides 
cardiopulmonary support, while Seraph 100 and SCd further 
reduce pathogens and inflammatory mediators. this multi-
modal treatment strategy improved the patient’s prognosis, 
demonstrating that integrating multiple advanced technolo-
gies is key to enhancing outcomes in complex and critical 
infectious cases.

Drug overdose and ECMO treatment

Research has shown that a patient suffering from multi-organ 
failure due to drug overdose experienced a rapid reduction 
in blood methylene blue levels and significant hemodynamic 
improvement following treatment with VV-ECMO and 
CytoSorb hemoadsorption, ultimately returning to normal 
health [23]. this case illustrates the potential application of 

CytoSorb hemoadsorption in drug overdoses, particularly in 
complex poisoning cases, where it can enhance treatment 
efficacy and patient survival rates. treating multi-organ fail-
ure resulting from drug overdose is complex and associated 
with high mortality. VV-ECMO plays a crucial role in maintain-
ing stable vital signs, while CytoSorb hemoadsorption effec-
tively removes circulating toxins and metabolic byproducts. 
this combined treatment strategy demonstrates the potential 
and necessity of multimodal intervention in acute poisoning 
scenarios. Future research should optimize this approach’s 
timing and specific implementation to improve outcomes.

Cardiogenic shock and ARDS due to severe infection and 
ECMO treatment

in one study, a patient suffering from a severe infection 
caused by Panton-Valentine leukocidin-positive Staphylococcus 
aureus and H1n1 virus successfully recovered following treat-
ment with ECMO and cytokine adsorption therapy [24]. this 
case demonstrates the effectiveness of combining ECMO 
with cytokine adsorption therapy in managing multiple 
organ failures resulting from infection. ECMO provides essen-
tial circulatory and respiratory support, while cytokine 
adsorption therapy effectively reduces inflammatory media-
tors, improving patient outcomes. Multi-organ failure due to 
infection, especially in cases of cardiogenic shock and aRdS, 
presents significant treatment challenges and poor prognosis. 
ECMO delivers crucial circulatory and respiratory support, 
whereas cytokine adsorption is vital in controlling the sys-
temic inflammatory response. the clinical success of this 
combined treatment approach suggests that integrating mul-
tiple advanced therapeutic modalities is an effective strategy 
to enhance survival rates and improve prognoses in complex 
infectious cases.

the cases mentioned above demonstrate effective treat-
ment strategies for various severe conditions, particularly in 
COVid-19, acute poisoning, and severe infections. applying 
ECMO with other adjunctive therapies has proven effective 
in these contexts. these cases collectively illustrate that 
ECMO is crucial for circulatory and respiratory support. 
When combined with HP and cytokine adsorption tech-
niques, ECMO can effectively control inflammatory responses 
and remove toxins, improving patient outcomes. these suc-
cessful treatment cases highlight the potential and neces-
sity of multimodal comprehensive management, 
emphasizing the importance of multidisciplinary collabora-
tion in intensive care settings. Such approaches have been 
shown to enhance patient survival rates and accelerate 
recovery.

Scientific and clinical value of the study

Scientific Value: Novel Combined Treatment Strategy: this study 
is the first to incorporate CRRt and HP into the ECMO circuit, 
demonstrating an innovative, comprehensive treatment 
approach. through precise fluid management and effective 
clearance of inflammatory factors, this strategy improved the 
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prognosis of patients with complications from acute alcohol 
intoxication, providing new therapeutic insights and scientific 
evidence. Research has shown that integrating CRRt and HP 
technologies can more effectively remove toxins and inflam-
matory factors, thereby improving clinical outcomes [15].

integration of Multiple Support technologies: By incorpo-
rating CRRt and HP into the ECMO circuit, this study demon-
strated that integrating multiple support technologies can 
enhance treatment outcomes without increasing complica-
tions. this finding provides valuable guidance for treating 
similar cases in the future. Studies have indicated that inte-
grating multiple support technologies into ECMO can 
enhance overall treatment effectiveness and reduce the 
occurrence of complications [32].

application of direct Hemoadsorption: there is growing 
evidence supporting the application of direct hemoadsorp-
tion technology, particularly in the combined use of ECMO 
and CRRt. this technology can reduce inflammatory factors 
in the blood and improve clinical outcomes. Research has 
demonstrated that direct hemoadsorption effectively removes 
inflammatory factors and improves patient prognosis [33,34].

Clinical Value: Reduction in Complication Rates: this study 
demonstrates that combining ECMO with CRRt and HP can 
reduce the incidence of complications such as aRdS and 
ClS, thereby decreasing hospital stay duration and medical 
costs. Research indicates that this combined treatment strat-
egy can notably lower complication rates and reduce the 
consumption of medical resources [13].

improvement in Patient Outcomes: through precise fluid 
management and effective clearance of inflammatory factors, 
patients experience significant improvements in respiratory 
function and overall prognosis. long-term follow-up after dis-
charge shows good recovery. Studies have shown that this 
comprehensive treatment strategy markedly enhances 
patients’ long-term outcomes [9].

Reduction in Medical Resource Consumption: directly con-
necting CRRt to the ECMO circuit avoids the need for new 
dialysis catheters, reduces the number of vascular punctures, 
lowers anticoagulation risks, extends circuit lifespan, and 
decreases medical resource consumption. Research suggests 
that this method can reduce the consumption of medical 
resources and increase treatment efficiency [35].

Limitations

this study is based on a single case, with a limited sample 
size, making it difficult to fully assess the generalizability of 
this treatment strategy. More clinical trials and multicenter 
studies are needed to validate its efficacy and safety. For 
example, future multicenter randomized controlled trials 
could further verify the universality and effectiveness of this 
combined treatment strategy. incorporating CRRt and HP 
into the ECMO circuit increases management complexity, 
requiring highly specialized technical support and monitor-
ing. this complexity may limit the strategy’s application in 
standard clinical settings, necessitating a specialized medical 
team and equipment to manage such an intricate treatment 

approach. Research indicates that increasing clearance media 
might reduce the concentration of therapeutic drugs, neces-
sitating further investigation into the impact of different 
extracorporeal support technologies and flow adjustments 
on drug efficacy [36,37].

Future perspectives

Future research should further explore the combined applica-
tion of CRRt and HP within ECMO, particularly regarding 
their effectiveness in treating different types of acute poison-
ing and multi-organ failure [38]. there is a need for in-depth 
studies on the hemodynamic effects of incorporating CRRt 
and HP into the ECMO circuit to optimize treatment param-
eters and protocols, ensuring patient safety [39]. developing 
personalized treatment strategies based on individual patient 
conditions is crucial. this includes selecting appropriate 
extracorporeal support technologies and adjusting flow rates 
to enhance treatment efficacy and patient outcomes. For 
example, treatment plans can be tailored to the patient’s 
medical condition, choosing the most suitable extracorporeal 
support technology and adjusting flow rates accordingly.

through detailed discussions of the scientific and clinical 
value and analyses of limitations and future directions, this 
study not only provides a new comprehensive treatment 
strategy for complications related to acute alcohol intoxica-
tion but also highlights future research directions and issues 
that need to be addressed.

Conclusion

this study demonstrates the effectiveness and safety of com-
bining ECMO with CRRt and HP in a case of acute alcohol 
intoxication complications. this innovative combined treat-
ment strategy successfully reduced complication rates and 
hospitalization costs, with the patient showing good recovery 
over a two-year follow-up period. However, since this study 
is based on a single case, its generalizability and reproduc-
ibility must be validated through additional cases and clini-
cal trials.

Scientifically, this study is the first to report the simulta-
neous incorporation of CRRt and HP devices into the ECMO 
circuit, providing a new perspective on the treatment of 
acute alcohol intoxication and its severe complications. the 
patient’s prognosis improved through precise fluid manage-
ment and effective clearance of inflammatory factors. 
However, the lack of a control group and the limited number 
of cases constrain the ability to establish clear causal 
relationships.

looking ahead, larger sample sizes and multicenter stud-
ies are needed to validate the efficacy and safety of this 
strategy. additionally, exploring the potential of combining 
ECMO with other therapeutic approaches could extend its 
application to different clinical scenarios. long-term outcome 
evaluations are also crucial, and future research should com-
prehensively assess the strategy’s impact on improving 
patient quality of life and reducing recurrence rates.



REnal FailuRE 9

Authors’ contributions

Xiting dang: Conceptualization, patient management, data 
collection, study design, analysis, and manuscript drafting.. 
Shuzhi lv: data analysis, technical support for extracorporeal 
treatment procedures, and manuscript revision.. Miao Huang: 
literature review, data interpretation, and manuscript prepa-
ration.. Huini Fu*: Study supervision, manuscript review and 
revision, and critical insights into case analysis and discus-
sion.. all authors have read and approved the final version of 
the manuscript.

Ethical statement

this study was conducted in accordance with the iCMJE 
guidelines, the principles outlined in the Belmont Report, 
and the declaration of Helsinki regarding research involving 
human participants. Ethical approval was obtained from the 
Clinical Ethics Committee of nanyang Second General 
Hospital (approval no. ly20240086). all human subjects pro-
vided written informed consent before participation, and 
details regarding the consent process are included in the 
manuscript. the study adhered to institutional and interna-
tional ethical standards for the protection of research 
participants.

Disclosure statement

the authors declare that there are no conflicts of interest 
regarding the publication of this article. the authors confirm 
that none of the authors has been involved in the editorial 
handling or peer review. the authors confirm that no com-
peting interests to declare.

Funding

this study was supported by Joint Co-construction Project of 
Medical Science and technology tackling Program in Henan 
Province (lHGJ20210975).

Data availability statement

all data can be provided as needed.

References

 [1] González-Reimers E, Santolaria-Fernández F, Martín- 
González MC, et  al. alcoholism: a systemic proinflam-
matory condition. World J Gastroenterol. 2014;20(40): 
14660–14671. doi: 10.3748/wjg.v20.i40.14660.

 [2] Brauer RB, liebermann-Meffert d, Stein HJ, et  al. 
Boerhaave’s syndrome: analysis of the literature and re-
port of 18 new cases. dis Esophagus. 1997;10(1):64–68. 
doi: 10.1093/dote/10.1.64.

 [3] Chirica M, Kelly Md, Siboni S, et  al. Esophageal emer-
gencies: WSES guidelines. World J Emerg Surg. 
2019;14:26. doi: 10.1186/s13017-019-0245-2.

 [4] O’Brien JM, Jr, lu B, ali na, et  al. alcohol dependence 
is independently associated with sepsis, septic shock, 

and hospital mortality among adult intensive care unit 
patients. Crit Care Med. 2007;35(2):345–350. doi: 
10.1097/01.CCM.0000254340.91644.B2.

 [5] Kendre PP, Jose MP, Varghese aM, et  al. Capillary leak 
syndrome in daboia russelii bite-a complication associ-
ated with poor outcome. trans R Soc trop Med Hyg. 
2018;112(2):88–93. doi: 10.1093/trstmh/try026.

 [6] Zhang yt, Zhang l, yao yM, et  al. unexpected 
vincristine-induced systemic capillary leak syndrome in 
patients with Wilm’s tumor: a single institution experi-
ence. Pediatr Hematol Oncol. 2020;37(1):90–96. doi: 
10.1080/08880018.2019.1685031.

 [7] Grasselli G, Calfee CS, Camporota l, et  al. ESiCM guide-
lines on acute respiratory distress syndrome: definition, 
phenotyping and respiratory support strategies. 
intensive Care Med. 2023;49(7):727–759. doi: 10.1007/
s00134-023-07050-7.

 [8] Peek GJ, Mugford M, tiruvoipati R, et  al. Efficacy and 
economic assessment of conventional ventilatory sup-
port versus extracorporeal membrane oxygenation for 
severe adult respiratory failure (CESaR): a multicentre 
randomised controlled trial [published correction ap-
pears in lancet]. lancet. 2009;374(9698):1351–1363. doi: 
10.1016/S0140-6736(09)61069-2.

 [9] Combes a, Hajage d, Capellier G, et  al. Extracorporeal 
membrane oxygenation for severe acute respiratory dis-
tress syndrome. n Engl J Med. 2018;378(21):1965–1975. 
doi: 10.1056/nEJMoa1800385.

 [10] ankawi G, Fan W, Pomarè Montin d, et  al. a new series 
of sorbent devices for multiple clinical purposes: cur-
rent evidence and future directions. Blood Purif. 
2019;47(1–3):94–100. doi: 10.1159/000493523.

 [11] Pomarè Montin d, ankawi G, lorenzin a, et  al. 
Biocompatibility and cytotoxic evaluation of new sor-
bent cartridges for blood hemoperfusion. Blood Purif. 
2018;46(3):187–195. doi: 10.1159/000489921.

 [12] Song t, Hayanga J, durham l, et  al. CytoSorb therapy in 
COVid-19 (CtC) patients requiring extracorporeal mem-
brane oxygenation: a multicenter, retrospective registry. 
Front Med (lausanne). 2021;8:773461. doi: 10.3389/
fmed.2021.773461.

 [13] Ethgen O, Murugan R, Echeverri J, et  al. Economic anal-
ysis of renal replacement therapy modality in acute kid-
ney injury patients with fluid overload. Crit Care Explor. 
2023;5(6):e0921. doi: 10.1097/CCE.0000000000000921.

 [14] Rubin S, Poncet a, Wynckel a, et  al. How to perform a 
haemodialysis using the arterial and venous lines of an 
extracorporeal life support. Eur J Cardiothorac Surg. 
2010;37(4):967–968. doi: 10.1016/j.ejcts.2009.10.007.

 [15] yan y, yu y, Zhang y, et  al. interface regulation promot-
ing carbon monoxide gas diffusion electrolysis towards 
C2+ products. Chem Commun (Camb). 2022;58(22):3645–
3648. doi: 10.1039/d2cc00343k.

 [16] Zhu C, Marczak M, Feld l, et  al. Room-temperature, high-
ly pure single-photon sources from all-inorganic lead ha-
lide Perovskite quantum dots. nano lett. 2022;22(9):3751–
3760. doi: 10.1021/acs.nanolett.2c00756.

 [17] lupi aS, Sumpter na, leask MP, et  al. local genetic co-
variance between serum urate and kidney function es-
timated with Bayesian multitrait models. Published 
Correction appears in G3 (Bethesda). 2022;12(11):jkac259. 
doi: 10.1093/g3journal/jkac259.

https://doi.org/10.3748/wjg.v20.i40.14660
https://doi.org/10.1093/dote/10.1.64
https://doi.org/10.1186/s13017-019-0245-2
https://doi.org/10.1097/01.CCM.0000254340.91644.B2
https://doi.org/10.1093/trstmh/try026
https://doi.org/10.1080/08880018.2019.1685031
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1016/S0140-6736(09)61069-2
https://doi.org/10.1056/NEJMoa1800385
https://doi.org/10.1159/000493523
https://doi.org/10.1159/000489921
https://doi.org/10.3389/fmed.2021.773461
https://doi.org/10.3389/fmed.2021.773461
https://doi.org/10.1097/CCE.0000000000000921
https://doi.org/10.1016/j.ejcts.2009.10.007
https://doi.org/10.1039/d2cc00343k
https://doi.org/10.1021/acs.nanolett.2c00756
https://doi.org/10.1093/g3journal/jkac259


10 X. danG Et al.

 [18] Golino G, Forin E, Boni E, et  al. Secondary pneumome-
diastinum in COVid-19 patient: a case managed with 
VV-ECMO. idCases. 2024;36:e01956. doi: 10.1016/j.
idcr.2024.e01956.

 [19] Jang JH, Jang HJ, Kim HK, et  al. acute respiratory dis-
tress syndrome caused by carbon monoxide poisoning 
and inhalation injury recovered after extracorporeal 
membrane oxygenation along with direct hemoperfu-
sion with polymyxin B-immobilized fiber column: a case 
report. J Med Case Rep. 2021;15(1):456. doi: 10.1186/
s13256-021-03023-w.

 [20] Chavez JR, danguilan Ra, arakama Mi, et  al. a case of 
leptospirosis with acute respiratory failure and acute 
kidney injury treated with simultaneous extracorporeal 
membrane oxygenation and haemoperfusion. BMJ Case 
Rep. 2019;12(5):e229582. doi: 10.1136/bcr-2019-229582.

 [21] Piwowarczyk P, Kutnik P, Potręć-Studzińska B, et  al. 
Hemoadsorption in isolated conjugated hyperbilirubin-
emia after extracorporeal membrane oxygenation sup-
port. Cholestasis of sepsis: a case report and review of 
the literature on differential causes of jaundice in iCu 
patient. int J artif Organs. 2019;42(5):263–268. doi: 
10.1177/0391398819834012.

 [22] amerson SJ, Hoffman M, abouzahr F, et  al. Sequential 
extracorporeal therapy of pathogen removal followed by 
cell-directed extracorporeal therapy in streptococcal toxic 
shock syndrome refractory to venoarterial extracorporeal 
membrane oxygenation: a case report. Crit Care Explor. 
2024;6(3):e1058. doi: 10.1097/CCE.0000000000001058.

 [23] taccone FS, Gardette M, Creteur J, et al. Hemoadsorption 
to treat severe iatrogenic intoxication with Patent Blue: 
a case report. J Med Case Rep. 2021;15(1):63. doi: 
10.1186/s13256-020-02657-6.

 [24] lees nJ, Rosenberg a, Hurtado-doce ai, et  al. 
Combination of ECMO and cytokine adsorption therapy 
for severe sepsis with cardiogenic shock and aRdS due 
to Panton-Valentine leukocidin-positive Staphylococcus 
aureus pneumonia and H1n1. J artif Organs. 
2016;19(4):399–402. doi: 10.1007/s10047-016-0915-8.

 [25] Gaddameedi SR, Cherukuri PB, Khan Ma, et  al. 
alcoholism and immobility induced rhabdomyolysis cul-
minating in hemodialysis. Cureus. 2024;16(4):e59316. 
doi: 10.7759/cureus.59316.

 [26] Hansard PC, Manning Ra, Haseeb Ma, et al. Hepatorenal 
syndrome: resolution of ascites by continuous renal re-
placement therapy in an alcoholic coinfected with hep-
atitis B, C, and human immunodeficiency viruses. ann 
Clin lab Sci. 2006;36(1):96–100.

 [27] Valance d, Bouchet B, Brulliard C, et  al. Extracorporeal 
membrane oxygenation for cardiogenic shock due to 
alcoholic cardiomyopathy: a long-term follow-up of 4 
cases. interact Cardiovasc thorac Surg. 2018;26(4):703–
705. doi: 10.1093/icvts/ivx388.

 [28] taghavi S, Jayarajan Sn, Komaroff E, et  al. use of heavy 
drinking donors in heart transplantation is not associat-
ed with worse mortality. transplantation. 2015;99(6):1226–
1230. doi: 10.1097/tP.0000000000000514.

 [29] Sansone F, Flocco R, Zingarelli E, et  al. Hypothermic car-
diac arrest in the homeless: what can we do? J Extra 
Corpor technol. 2011;43(4):252–257. doi: 10.1051/
ject/201143252.

 [30] imamura t, Kinugawa K. Shoshin beriberi with low car-
diac output and hemodynamic deterioration treated 
dramatically by thiamine administration. int Heart J. 
2015;56(5):568–570. doi: 10.1536/ihj.15-033.

 [31] Shiloh al, Kazzi MG, Mathew R, et  al. a man in his 40s 
with a history of hypertension and alcohol dependency 
presenting to the Ed with respiratory distress: septic 
shock in the setting of aRdS. Chest. 2014;145(2):e3–e6. 
doi: 10.1378/chest.13-2089.

 [32] Santiago MJ, Sánchez a, lópez-Herce J, et  al. the use of 
continuous renal replacement therapy in series with ex-
tracorporeal membrane oxygenation. Kidney int. 
2009;76(12):1289–1292. doi: 10.1038/ki.2009.383.

 [33] Monard C, Rimmelé t, Ronco C. Extracorporeal blood 
purification therapies for sepsis. Blood Purif. 2019;47 
Suppl 3:1–14. doi: 10.1159/000499520.

 [34] Snow taC, littlewood S, Corredor C, et  al. Effect of ex-
tracorporeal blood purification on mortality in sepsis: a 
meta-analysis and trial sequential analysis. Blood Purif. 
2021;50(4–5):462–472. doi: 10.1159/000510982.

 [35] de tymowski C, desmard M, lortat-Jacob B, et  al. 
impact of connecting continuous renal replacement 
therapy to the extracorporeal membrane oxygenation 
circuit. anaesth Crit Care Pain Med. 2018;37(6):557–564. 
doi: 10.1016/j.accpm.2018.02.024.

 [36] Ciullo al, Knecht R, levin nM, et  al. direct connection 
to the ECMO circuit versus a hemodialysis catheter is 
associated with improved urea nitrogen ultrafiltration 
during continuous renal replacement therapy for pa-
tients on extracorporeal membrane oxygenation. J Clin 
Med. 2023;12(4):1488. doi: 10.3390/jcm12041488.

 [37] Raja M, leal R, doyle J. Continuous renal replacement 
therapy in patients receiving extracorporeal membrane 
oxygenation therapy. J intensive Care Soc. 2023;24(2): 
227–229. doi: 10.1177/17511437211067088.

 [38] Hayanga JWa, Song t, durham l, et  al. Extracorporeal 
hemoadsorption in critically ill COVid-19 patients on VV 
ECMO: the CytoSorb therapy in COVid-19 (CtC) registry. 
Crit Care. 2023;27(1):243. doi: 10.1186/s13054-023- 
04517-3.

 [39] Suga n, Matsumura y, abe R, et  al. a safe procedure for 
connecting a continuous renal replacement therapy de-
vice into an extracorporeal membrane oxygenation cir-
cuit. J artif Organs. 2017;20(2):125–131. doi: 10.1007/
s10047-017-0952-y.

https://doi.org/10.1016/j.idcr.2024.e01956
https://doi.org/10.1016/j.idcr.2024.e01956
https://doi.org/10.1186/s13256-021-03023-w
https://doi.org/10.1186/s13256-021-03023-w
https://doi.org/10.1136/bcr-2019-229582
https://doi.org/10.1177/0391398819834012
https://doi.org/10.1097/CCE.0000000000001058
https://doi.org/10.1186/s13256-020-02657-6
https://doi.org/10.1007/s10047-016-0915-8
https://doi.org/10.7759/cureus.59316
https://doi.org/10.1093/icvts/ivx388
https://doi.org/10.1097/TP.0000000000000514
https://doi.org/10.1051/ject/201143252
https://doi.org/10.1051/ject/201143252
https://doi.org/10.1536/ihj.15-033
https://doi.org/10.1378/chest.13-2089
https://doi.org/10.1038/ki.2009.383
https://doi.org/10.1159/000499520
https://doi.org/10.1159/000510982
https://doi.org/10.1016/j.accpm.2018.02.024
https://doi.org/10.3390/jcm12041488
https://doi.org/10.1177/17511437211067088
https://doi.org/10.1186/s13054-023-04517-3
https://doi.org/10.1186/s13054-023-04517-3
https://doi.org/10.1007/s10047-017-0952-y
https://doi.org/10.1007/s10047-017-0952-y

	Extracorporeal multi-organ support: ECMO, CRRT, and hemoperfusion for acute alcohol intoxication with renal and respiratory failure
	ABSTRACT
	Introduction
	Clinical value summary

	Case
	Admission examination
	Treatment process
	Surgical treatment process
	Blood test indicators
	Postoperative follow-up
	Nursing interventions
	Nutritional and antibiotic support
	Rehabilitation therapy

	Discussion
	Literature review
	Secondary mediastinal emphysema (SME) and VV-ECMO treatment caused by COVID-19
	ARDS and ECMO treatment due to carbon monoxide poisoning and inhalation injury
	Acute respiratory failure and acute kidney injury from leptospirosis treated with ECMO
	Streptococcal toxic shock syndrome (STSS) and multimodal ECMO treatment
	Drug overdose and ECMO treatment
	Cardiogenic shock and ARDS due to severe infection and ECMO treatment
	Scientific and clinical value of the study
	Limitations
	Future perspectives

	Conclusion
	Authors contributions
	Ethical statement
	Disclosure statement
	Funding
	Data availability statement
	References


