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Abstract
BACKGROUND 
Non-liquefied multiple liver abscesses (NMLA) can induce sepsis, septic shock, 
sepsis-associated kidney injury (SA-AKI), and multiple organ failure. The inability 
to perform ultrasound-guided puncture and drainage to eradicate the primary 
disease may allow for the persistence of bacterial endotoxins and endogenous 
cytokines, exacerbating organ damage, and potentially causing immunosup-
pression and T-cell exhaustion. Therefore, the search for additional effective 
treatments that complement antibiotic therapy is of great importance.

CASE SUMMARY 
A 45-year-old critically ill female patient presented to our hospital’s intensive care 
unit with intermittent vomiting, diarrhea, and decreased urine output. The patient 
exhibited a temperature of 37.8 °C. Based on the results of liver ultrasonography, 
laboratory tests, fever, and oliguria, the patient was diagnosed with NMLA, 
sepsis, SA-AKI, and immunosuppression. We administered antibiotic therapy, 
entire care, continuous renal replacement therapy (CRRT) with an M100 hemo-
filter, and hemoperfusion (HP) with an HA380 hemofilter. The aforementioned 
treatment resulted in a substantial reduction in disease severity scores and a 
decrease in the extent of infection and inflammatory factors. In addition, the 
treatment stimulated the expansion of the cluster of differentiation 8+ (CD8+) T-
cells and led to the complete recovery of renal function. The patient was 
discharged from the hospital. During the follow-up period of 28 d, she recovered 
successfully.

CONCLUSION 
Based on the entire therapeutic regimen, the early combination of CRRT and HP 
therapy may control sepsis caused by NMLA and help control infections, reduce 
inflammatory responses, and improve CD8+ T-cell immune function.
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Core Tip: Non-liquefied multiple liver abscesses (NMLA) can lead to sepsis, septic shock, and sepsis-associated kidney 
injury (SA-AKI). Early treatment with continuous renal replacement therapy (CRRT) and hemoperfusion (HP) is particularly 
important when the patient is not a candidate for ultrasound-guided drainage or surgical intervention. The combination of 
CRRT and HP is used to control infections, reduce inflammation, and promote T-cell function. This case highlights the 
importance of holistic treatment in managing septic shock and SA-AKI caused by NMLA and the potential benefits of 
timely CRRT and HP therapy.
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INTRODUCTION
Liver abscess (LA) is a common and acute disease that can be fatal. Epidemiological studies have demonstrated that the 
incidence and mortality of LA are rising yearly[1]. The condition is triggered by various microorganisms that can spread 
via the arterial, venous, or biliary tract, or direct dissemination. Enteric gram-negative bacteria, including Escherichia coli 
and Klebsiella pneumonia, are the most commonly identified pathogens[2]. The clinical manifestations of LA are severe 
with high fever, right upper abdominal pain, nausea, vomiting, and jaundice. Moreover, LA frequently occurs in 
immunosuppressed patients. Failure to receive timely and effective treatment may lead to sepsis, septic shock, sepsis-
associated acute kidney injury (SA-AKI), and multi-organ failure[3]. Sung et al[4] demonstrated that the overall incidence 
of acute kidney injury (AKI) was 1.51 times higher in an LA cohort than in a non-LA cohort. Therefore, controlling 
infections earlier, reducing the inflammatory response, regulating immune function, and protecting kidney function in 
LA-induced sepsis due to LA is particularly important.

Treatments for single or multiple LAs typically involve ultrasound-guided puncture and drainage or needle aspiration
[5,6]. However, these measures may not be effective for multiple non-liquefied LA (NMLA), highlighting the need for 
safe and effective alternative treatment approaches. Continuous renal replacement therapy (CRRT) plays a vital role in 
sepsis treatment by removing small- and medium-sized molecules through a convective action. However, CRRT is 
ineffective in removing large molecules such as lipopolysaccharides and protein-rich mediators. Hemoperfusion (HP) can 
overcome the aforementioned limitations and effectively remove large molecules. Therefore, the combination of CRRT 
and HP may yield a synergistic effect with high adsorption capacity and improved clinical outcomes. This study aimed to 
evaluate the efficacy of CRRT combined with HP for the treatment of septic shock and SA-AKI caused by NMLA.

CASE PRESENTATION
Chief complaints
A 49-year-old female patient was admitted to the hospital with nausea and vomiting for 2 d, accompanied by intermittent 
fever.

History of present illness
Two days before admission, the patient complained of unexplained nausea and vomiting, accompanied by fever with a 
peak temperature of 38.4 °C. Additionally, the patient experienced diarrhea with watery stools at least twice daily. The 
day before admission, the patient’s condition had deteriorated, resulting in oliguria and apathy. After undergoing a blood 
culture and other related tests at a local hospital, the patient was transferred to our hospital for further treatment. She was 
diagnosed with diarrhea in the emergency department and admitted to the intensive care unit (ICU). During the course of 
the disease, the patient had poor appetite and sleep and lost 5 kg of total body weight.

History of past illness
The patient had a history of type 2 diabetes mellitus. Although the patient received oral metformin to control her blood 
sugar levels, the effect was unsatisfactory.
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Personal and family history
The patient had no special personal or family history.

Physical examination
The patient was in a coma with involuntary movements upon admission and had the following vitals: Temperature: 37.8 
°C, heart rate: 130 beats/min, respiration: 28 breaths/min, and blood pressure: 70/50 mmHg. The patient's bowel sounds 
were 6 beats/min, and the urine output was less than 0.5 mL/kg/min. No swelling of either lower limb was observed, 
and the Babinski sign was negative.

Laboratory examinations
Upon admission, the white blood cells (WBC) were 9.4 × 109/L, and neutral granulocytes accounted for 94.5%. The 
platelet count was 5.2 × 1010/L, and procalcitonin (PCT) was 0.4 ng/mL. T-cell subpopulation analysis exhibited a 
significant reduction and exhaustion in both clusters of differentiated 4+ (CD4+) and cluster of differentiated 8+ (CD8+) T-
cells. The CD4+ T-cell count was 4.4 × 1011/L, with 13.89% expressing the inhibitory receptor programmed death-1 (PD-1) 
on their surface, while the CD8+ T-cell count was 1.18 × 1011/L, with 26.65% expressing PD-1.

The patient had liver damage, with aspartate aminotransferase 923 U/L, alanine aminotransferase 410 U/L, and total 
bilirubin 27.6 µmol/L. The serum creatinine (SCr) was 380 µmol/L.

She had metabolic acidosis and was in a state of respiratory alkalosis, with a blood gas pH of 7.46, partial pressure of 
carbon dioxide of 25 mmHg, bicarbonate level of 17.8 mmol/L, base excess, -5.0 mmol/L, and lactate level, 1.2 mmol/L. 
The lactate level of the patient increased to 2.9 mmol/L after 24 h.

Imaging examinations
The liver ultrasound displayed multiple mixed-density shadows in the liver.

FINAL DIAGNOSIS
Based on the patient's chief complaint, history, physical examination, and supplementary examination, the patient was 
diagnosed with NMLA, sepsis, septic encephalopathy, septic shock, SA-AKI, and secondary immune deficiency. Her 
Acute Physiology and Chronic Health Evaluation (APACHE II) score was 18, and her Sequential Organ Failure 
Assessment (SOFA) score was 11.

TREATMENT
On the 1st day of admission, the empirical broad-spectrum antibiotic cefoperazone-sulbactam was initiated within 1 h, 
and fluid resuscitation for sepsis was performed within 3 h with 30 mL/kg of crystalloid solution. The blood pressure 
increased to 80/55 mmHg. We subsequently administered noradrenaline to achieve a mean arterial pressure of 65 mmHg 
and upgraded the antibiotics to imipenem and linezolid. The patient's urine gradually increased to 1.5–2.0 mL/kg/min. 
A glutathione injection was also administered. As the LA was not liquefied, ultrasound-guided puncture and drainage 
could not be performed.

On the 2nd day, computed tomography of the liver confirmed the presence of NMLA. Sepsis was not adequately 
controlled and the lactate rose to 2.9 mmol/L. On the 3rd day, the WBC increased from 9.4 × 109/L to 1.2 × 1010/L, PCT 
increased from 0.4 ng/mL to 200 ng/mL and interleukin-6 (IL-6) was 92.5 µmol/L. Kidney function deteriorated and SCr 
levels increased from 380 to 403 mol/L. We proposed performing CRRT combined with HP therapy; however, the 
patient’s family refused the treatment owing to economic considerations. Liver ultrasonography displayed that the LA 
was still not liquefied, and puncture drainage could not be performed. At this point, the WBC rose to 1.32 × 1010/L and 
the IL-6 from 92.5 to 525.2 µmol/L abruptly. Blood culture results from a local hospital indicated a high likelihood of a 
gram-negative bacterial infection. The patient's urine output was maintained at 2 mL/kg/h with fluid resuscitation and 
norepinephrine. The SCr rose to 490 µmol/L. The patient developed septic shock and senescence-associated acute SA-
AKI. Finally, a combination of CRRT and HP was performed on the 3rd day. A machine (PrismaFlex system) and filter 
(M100, Baxter), which were replaced every 24 h, were used for CRRT. The CRRT mode was continuous venovenous 
hemofiltration at 30 mL/kg/h and a blood flow rate of 120 mL/h. An HA380 membrane filter (Jafron Biomedical Co.) 
was used for HP once daily for 6 h. No adverse effects were observed throughout the treatment period. The continuous 
blood purification therapy was terminated on the 7th day. The anti-infection and other treatments were continued.

OUTCOME AND FOLLOW-UP
Based on the overall care and treatment, an improvement was observed during the 5-day CRRT in conjunction with HP 
treatment. After 48 h of CRRT and HP therapy, the WBC decreased from 1.32 × 1010/L to 4.0 × 109/L (Figure 1), and PCT 
decreased from 112.03 ng/mL to 8.43 ng/mL (Figure 2). Significant decreases in inflammatory parameters were observed, 
with IL-6 decreasing from 525.2 to 82.2 (Figure 3). Tissue perfusion significantly improved 5 d later, as evidenced by a 
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Figure 1 White blood cell count during continuous veno-venous hemodiafiltration with an M100 hemofilter and hemperfusion with a 
HA380 hemofilter. WBC: White blood cell.

Figure 2 Procalcitonin during continuous veno-venous hemodiafiltration with an M100 hemofilter and hemperfusion with a HA380 
hemofilter. PCT: Procalcitonin.

decrease in lactate from 2.9 mmol/L to 0.9 mmol/L. Renal function gradually improved, and SCr levels decreased from 
490 µmol/L to 129 µmol/L. Immune function improved, and the number of CD8+ T-cells rose from 5.56 × 1011/L to 6.71 × 
1011/L (Figure 4). Although the LA remained liquefied and could not be drained, the patient was relieved with the 
APACHE II lowered to 16 (Figure 5), and the SOFA score declined to 3 (Figure 6). The patient was treated in the ICU for 
10 d and then transferred to the gastroenterology department. The patient was discharged on the 21st day. The patient 
recovered after 28 d of follow-up.

DISCUSSION
LA is a common disease and a major cause of septic shock in the ICU[3]. Despite good care, the mortality rate of LA is 
11%–14%[7]. Sepsis can lead to multiple organ damage, including AKI. Bagshaw et al[8] reported that patients with SA-
AKI had an increased risk of death and a longer hospital stay than those without SA-AKI. Patients with liquefied LAs can 
be cured using ultrasound-guided puncture and drainage combined with antibiotic therapy, whereas NMLA can be 
considered for surgical treatment[9]. The patient’s condition was so severe that anesthesia was difficult to administer. Xu 
et al[10] applied ultrasound-guided percutaneous intrahepatic portal vein catheter injection of antibiotics to treat NMLA 
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Figure 3 Interleukin-6 during continuous veno-venous hemodiafiltration with an M100 hemofilter and hemperfusion with a HA380 
hemofilter. IL-6: Interleukin-6.

Figure 4 Cluster of differentiation 8+ T-Cell count during continuous veno-venous hemodiafiltration with an M100 hemofilter and 
hemperfusion with a HA380 hemofilter. CD8+: Cluster of differentiation 8+.

and achieved desirable results. However, the patient was unable to continue with the treatment because of septic enceph-
alopathy. Therefore, to identify safe and effective treatment options for the patient was crucial.

The patient’s CD4+ and CD8+ T-cells were significantly below normal levels and expressed a large number of PD-1 
inhibitory receptors. This indicated that the patient had T-cell exhaustion and was in an immunosuppressive state[11]. 
Platelet count is an important indicator of disease severity[12]. The patient's platelet count was as low as 5.2 × 1010/L. 
Gram-negative bacilli were highly suspected in the blood culture at the local hospital; nevertheless, no genus-specific or 
drug-sensitivity results were obtained. Gram-negative bacilli constantly release endotoxins and inflammatory mediators, 
leading to multiple organ damage[8]. Despite the administration of broad-spectrum antibiotics and fluid resuscitation 
during the first 2 d of admission, the patient's condition was not controlled. The SOFA score increased from 11 on 
admission to 12 on day 3. Additionally, NMLA cannot be treated with puncture drainage or surgery. Irritability caused 
by septic encephalopathy makes ultrasound-guided transportal antibiotic infusions a significant obstacle. Therefore, 
CRRT combined with HP might be a better alternative. Vardanjani et al[13] identified that a combination of CRRT and HP 
was a more effective method for treating patients of coronavirus disease 2019 and could prevent complications, such as 
AKI and septic shock. The patient was treated with CRRT and HP.

After 5-day CRRT combined with HP treatment, we established that the treatment lowered the severity of the disease, 
with a reduction in the SOFA score from 12 to 3 (Figure 6). Additionally, the levels of infection indicators, including the 
WBC count (Figure 1) and PCT (Figure 2), were significantly reduced. The platelet count gradually rebounded to 1.91 × 
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Figure 5 Acute Physiology and Chronic Health Evaluation score during continuous veno-venous hemodiafiltration with an M100 
hemofilter and hemperfusion with a HA380 hemofilter. APACHE II: Acute Physiology and Chronic Health Evaluation.

Figure 6 Sequential Organ Failure Assessment score during continuous veno-venous hemodiafiltration with an M100 hemofilter and 
hemperfusion with a HA380 hemofilter. SOFA: Sequential Organ Failure Assessment.

1011/L. Furthermore, the treatment was effective in controlling inflammatory responses such as IL-6 (Figure 3). 
Furthermore, vital signs gradually stabilized, and lactate levels decreased significantly. The findings confirm the value of 
CRRT combined with HP as a practical option for managing NMLA that cannot be treated through ultrasound-guided 
puncture drainage or surgery. Moreover, the treatment enhanced immune function by promoting CD8+ T-cell prolif-
eration, although the underlying mechanism remains unclear. Moreover, IL-6 blocks the activation of CD8+ T-cells and 
inhibits their proliferation. When CRRT and HP eliminate IL-6, T-lymphocyte proliferation and differentiation are 
indirectly promoted. By contrast, IL-6 stimulates CD8+ T-cells to express the inhibitory receptor PD-1, leading to T-cell 
exhaustion[14]. Therefore, reducing IL-6 via this treatment may reduce PD-1 expression levels and T-cell exhaustion, 
ultimately resulting in enhanced immunity and cytotoxic CD8+ T-cell function for pathogen elimination. However, the 
exact underlying mechanism requires further investigation. Although hemofilter such as oXiris®[15] and polymyxin B-
immobilized fiber columns (PMX)[16] are currently available for the treatment of sepsis, their high-cost constraints their 
clinical application to some extent. In contrast, the combination of the M100 and HA380 filters can significantly reduce the 
financial burden of sepsis management.

Based on care and treatment, a combination of CRRT and HP may contribute to infection control, clear inflammatory 
mediators, enhance CD8+ T-cell proliferation, and potentially alleviate CD8+ T-cell exhaustion. However, this study has 
several limitations. First, endotoxins were not monitored because they were not routine clinical laboratory tests. Second, 
due to economic constraints, a combination of CRRT and HP therapy was initiated on the 3rd day. The patient's condition 
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would have been better if treated earlier using this method.

CONCLUSION
CRRT combined with HP may represent an effective therapeutic alternative to conventional interventions such as 
ultrasound-guided puncture drainage, ultrasound-guided injection of antibiotics, and surgery for NMLA. In addition to 
care and treatment, this method may help control infections. It also reduces inflammatory mediators, promotes CD8+ T-
cell proliferation, and restores T-cell function.
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