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Objective: To explore the clinical efficacy of continuous renal replacement therapy (CRRT) in patients with pulmonary tuberculosis 
(TB) complicated with sepsis, particularly focusing on 28-day mortality (primary objective), and to assess the impact of CRRT on 
inflammatory response, renal function, haemodynamics and overall prognosis (secondary objectives).
Methods: A total of 98 patients with pulmonary TB complicated by sepsis were included: 49 patients were enrolled in the control 
group and received routine treatment, whereas 49 patients were enrolled in the CRRT group and received CRRT based on the control 
group. Renal function indicators, inflammatory indicators, haemodynamic indicators and recovery status were analysed and compared.
Results: After 72 hours of treatment, C-reactive protein (CRP), serum creatinine (SCR), blood urea nitrogen (BUN) and plasma lactic 
in the CRRT group decreased (P < 0.001), procalcitonin (PCT) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) were 
reduced (P < 0.01) and urine volume and mean arterial pressure (MAP) increased (P < 0.001). After 72 hours of treatment, CRP and 
PCT in the control group increased (P < 0.05), SCR, BUN and NT-proBNP increased (P < 0.001), plasma lactic was not significantly 
changed and MAP decreased (P < 0.05). The 28-day mortality in the CRRT group was lower than in the control group (28.6% vs 49%, 
P = 0.038), intensive care unit hospitalisation time was shorter than in the control group (11.27 ± 9.34 vs 15.43 ± 9.19 d, P = 0.028) 
and Acute Physiological Function and Chronic Health Status Scoring System II and Sequential Organ Failure Score scores were lower 
after treatment (P < 0.001). The difference was statistically significant.
Conclusion: Continuous renal replacement therapy can significantly improve inflammatory response, enhance haemodynamics, 
promote renal function recovery and increase overall treatment efficacy in patients with pulmonary TB complicated with sepsis.
Keywords: continuous renal replacement therapy, pulmonary tuberculosis, sepsis, clinical efficacy

Introduction
Tuberculosis (TB) is mainly caused by infection with Mycobacterium tuberculosis (MTB) and is the second most 
common infectious disease in the world after COVID-19.1 According to the World Health Organization, an estimated 
9.9 million new cases of TB were diagnosed worldwide in 2021.2 China ranks third among countries with a high TB 
burden, after India and Indonesia.3 Patients with pulmonary TB often suffer from low immune function due to long-term 
invasion by MTB and experience damage to lung tissue and bronchial structures. Combined with bacterial, fungal or viral 
infections, they are more likely to develop severe pneumonia and sepsis.4,5 Sepsis is a systemic inflammatory response 
syndrome (SIRS) caused by infection, and delayed or ineffective treatment can rapidly progress to septic shock, which 
can cause fatal organ dysfunction in severe cases, with a mortality rate of 43%–61.8%.6,7 Patients with pulmonary TB 
complicated by sepsis have low immunity, face dual challenges from TB and infection, and exhibit overlapping clinical 
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manifestations, which can obscure diagnosis. As a result, their mortality rate can be significantly higher than that of 
patients with sepsis alone.8,9

In recent years, continuous renal replacement therapy (CRRT) has become one of the important ways of treating 
sepsis.10 Continuous renal replacement therapy has been shown to effectively remove inflammatory mediators, endotox-
ins and metabolic waste, thereby reducing systemic inflammation and improving organ function. Given the dual 
inflammatory burden in patients with TB and sepsis, CRRT may offer significant benefits by mitigating both chronic 
and acute inflammatory responses.11

This study aims to explore the therapeutic effects of CRRT on patients with pulmonary TB and sepsis. The primary 
objective is to evaluate the effect of CRRT on 28-day mortality in patients with pulmonary TB complicated by sepsis. We 
hypothesised that CRRT would significantly reduce 28-day mortality compared with conventional treatment. The 
secondary objectives are to assess the impact of CRRT on the inflammatory response (measured by C-reactive protein 
[CRP] and procalcitonin [PCT] levels), renal function (measured by serum creatinine [SCR], blood urea nitrogen [BUN] 
and urine output), haemodynamics (measured by mean arterial pressure [MAP], N-terminal pro-B-type natriuretic 
peptide [NT-proBNP] and plasma lactate levels) and overall prognosis (measured by intensive care unit [ICU] hospita-
lisation time, Acute Physiological Function and Chronic Health Status Scoring System II [APACHE II] score and 
Sequential Organ Failure Score [SOFA] score). The results are reported as follows.

Materials and Methods
Study Participants and Inclusion Criteria
A total of 98 patients with pulmonary TB complicated with sepsis admitted to the ICU of the Department of Infectious 
Diseases of Wenzhou Central Hospital between March 2021 and November 2023 were selected as the research 
participants.

A Priori Estimate of Survival Difference: The expected difference in 28-day survival between the two groups was 
based on previous studies and clinical experience. It was hypothesised that CRRT could reduce the 28-day mortality rate 
from 50% in the control group to 30% in the CRRT group, resulting in an expected survival difference of 20%. This 
estimate was used for sample size calculation to ensure the study had adequate power to detect a clinically meaningful 
difference in survival.

Sample Size Calculation: The primary endpoint for sample size calculation was 28-day mortality. Based on previous 
studies, the 28-day mortality rate for patients with pulmonary TB complicated by sepsis was approximately 40%–60%.7,9 

It was hypothesised that CRRT could significantly reduce the 28-day mortality rate by 20%. The following formula was 
used for sample size calculation:

where Zα/2 = 1.96 (for 95% confidence level), Zβ = 0.84 (for 80% power), P1 = 0.50 (expected mortality rate in the 
control group) and P2 = 0.30 (expected mortality rate in the CRRT group). The calculated sample size was approximately 
47.44 per group, rounded up to 48. Therefore, the aim was to include 96 patients (48 per group). In this retrospective 
study, 98 patients (49 per group) were included, which exceeded the calculated sample size and further enhanced the 
reliability of the results.

Study Objectives: The primary objective was to determine whether CRRT could reduce 28-day mortality in patients 
with pulmonary TB complicated by sepsis. The secondary objectives included evaluating the effects of CRRT on 
inflammatory markers, renal function, haemodynamic stability and overall clinical outcomes, including ICU hospitalisa-
tion time and severity scores (APACHE II and SOFA).

To minimise selection bias, the following measures were taken during the study design phase. The inclusion criteria 
were as follows: (1) age ≥18 years and (2) pulmonary TB confirmed according to the health industry standard of the 
People’s Republic of China, Diagnosis for Pulmonary Tuberculosis WS288-2017.12 The diagnostic criteria included 
sputum smear for acid-fast bacilli (AFB), with detection of AFB in sputum samples (23 cases); sputum culture, with 
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a positive culture for MTB in sputum samples for patients with a negative sputum smear (additional cases); imaging 
studies, showing typical radiological features of TB on chest X-ray or computed tomography, such as cavitation, tree-in- 
bud pattern and ground-glass opacity; clinical symptoms, including the presence of typical symptoms of TB such as 
persistent cough, sputum production, low-grade fever, night sweats and weight loss; laboratory tests, including positive 
serum TB antibodies, positive interferon-γ release assay or strong positive tuberculin skin test; and the exclusion of other 
diseases that could cause similar symptoms, such as pneumonia or lung cancer. In total, 98 patients were diagnosed with 
pulmonary TB based on these criteria, including 23 patients with a positive sputum smear for AFB and 75 patients 
confirmed through other diagnostic methods. (3) The diagnosis of sepsis complied with The Third International 
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3).13 (4) Clinical data were complete. The exclusion criteria 
were as follows: (1) death within 24 hours of admission; (2) previous long-term maintenance haemodialysis; (3) pregnant 
or lactating women; (4) terminal stage of malignant tumour; and (5) missing clinical data. These criteria help screen out 
relatively homogeneous research populations, thereby reducing potential confounders. This study was approved by the 
Ethics Committee of Wenzhou Central Hospital (L2023-04-060). During the data collection process, integrity checks 
were conducted on clinical data from all patients to ensure no key variables were missed. For missing data, an intention- 
to-treat method was adopted to include all randomly assigned patients in the final analysis to reduce the bias introduced 
by missing data.

Treatment Programmes
According to whether CRRT was performed, the 98 patients were divided into the CRRT group and the control group, 
with 49 patients in each group. No patients used immunosuppressive drugs. The aetiological distribution of sepsis in 
both groups was as follows: bacterial infections occurred in 25 cases (51.0%) in the CRRT group and 23 cases 
(46.9%) in the control group, fungal infections occurred in 8 cases (16.3%) in the CRRT group and 7 cases (14.3%) in 
the control group and viral infections occurred in 16 cases (32.7%) in the CRRT group and 19 cases (38.8%) in the 
control group. No patients were found to have multiple causes of sepsis. These data were collected through laboratory 
tests, including blood cultures, sputum cultures, urine cultures, fungal antigen tests and viral nucleic acid tests. The 
control group adopted a conventional bundled management strategy based on the Surviving Sepsis Campaign: 
International Guidelines for Management of Sepsis and Septic Shock 2021,14 including measures such as administer-
ing broad-spectrum antibiotics within 1 hour of admission, switching to targeted antimicrobial drugs after bacterial 
culture and drug sensitivity testing, timely implementation of fluid resuscitation, use of vasoactive drugs when 
necessary, maintenance of water, electrolyte and acid-base balance, nutritional support and mechanical ventilation. 
Standard chemotherapy regimens for anti-TB treatment were selected based on the Guideline for Primary Care of 
Pulmonary Tuberculosis (2018).15 In addition to the standard routine treatment provided to the control group, the 
CRRT group also received CRRT (Gambro Lundia AB, Prismaflex; filter: Gambro Industries, Prismaflex M150set, 
Sweden). The femoral vein was selected to establish temporary circulatory access, and an indwelling double-lumen 
catheter (manufactured by Arrow International LLC, model: CS-15123-F) was used. According to Anticoagulation 
Strategies in Continuous Renal Replacement Therapy,16 heparin anticoagulation or anticoagulant-free CRRT was 
selected, with continuous venous-venous hemofiltration mode chosen and hemofiltration replacement basal fluid 
selected as the replacement fluid. The replacement fluid flow rate was set to 25–35 mL/kg/hour, and the blood flow 
rate was set to 100–180 mL/min. For patients with haemodynamic instability, the blood flow rate was gradually 
increased from 50 to 100 mL/min. During the treatment, the anticoagulant dose was adjusted according to whether the 
patient was bleeding and the dynamic monitoring of APTT. The ultrafiltration volume and CRRT treatment time were 
adjusted according to the patient’s 24-hour fluid intake and output, central venous pressure and other specific 
conditions. The CRRT group received an average of 3.5 sessions of CRRT treatment (range: 2–6 sessions). The 
average duration of each CRRT session was 24 hours (range: 12–48 hours). The total average duration of CRRT 
treatment per patient was 84 hours (range: 48–144 hours). The initiation and discontinuation of CRRT were based on 
the patient’s clinical condition, fluid balance and renal function, in accordance with the guidelines for the management 
of sepsis and septic shock.
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Outcome Indicators
The inflammatory indexes, renal function indexes, haemodynamic indicators and recovery of the two groups of patients 
were observed before treatment and after 72 hours of treatment. (1) Inflammatory indicators: Serum albumin, rapid CRP 
and PCT. (2) Renal function indicators: SCR, BUN and urine volume. (3) Haemodynamic indicators: heart rate, MAP, 
plasma lactate and NT-proBNP. (4) Recovery: outcome regression (28-day mortality), ICU hospitalisation time, 
APACHE II score and SOFA score.

Fasting venous blood was collected from both groups of patients before and 72 hours after treatment. The supernatant 
was obtained after centrifugation. The enzyme-linked immunosorbent assay was used to determine CRP and PCT, the 
immunoturbidimetric assay was used to determine BUN and SCR, the automatic biochemical analyser was used to 
determine plasma lactate and electrochemiluminescence was used to determine NT-proBNP. The APACHE II score was 
calculated as the total Acute Physiology Score + age points + Chronic Health Points, with a minimum score of 0 and 
a maximum score of 71. The higher the score, the more severe the patient’s disease, the higher the risk of death and the 
worse the prognosis.17 The SOFA score can assess the functional status of the six major system organs of the patient: 
cardiovascular circulation, respiratory, liver, coagulation, nerve and kidney. The score range for each item was 0–4 
points. Sepsis was diagnosed when the SOFA score increased by ≥2 points compared with the baseline.

Statistical Methods
Statistical analysis was performed using SPSS 27.0 software. Normally distributed quantitative data were expressed as 
mean ± standard deviation, and non-normally distributed data were expressed as median and interquartile range (M [P25, 
P75]). For normally distributed data, the t-test was used to compare the baseline clinical data between the groups. For 
non-normally distributed data, the Mann–Whitney U-test was used. Count data were expressed as n (%) and compared 
using the chi-squared test or Fisher’s exact test.

Analysis of covariance (ANCOVA): To control for potential confounding factors and baseline differences, ANCOVA 
was used to compare the outcomes between the CRRT and control groups. The following covariates were included in the 
model:

• Baseline inflammatory markers: CRP and PCT.
• Baseline renal function markers: SCR and BUN.
• Baseline haemodynamic markers: MAP and NT-proBNP.
• Other potential confounders: age, gender and comorbidities (eg diabetes and hypertension).
The analysis was performed using a stepwise regression approach to assess the impact of each covariate on the 

outcome variables and adjust the model for the best fit. Adjusted means were compared to evaluate the independent effect 
of CRRT treatment. A P-value of less than 0.05 was considered statistically significant.

Results
Clinical Baseline Characteristics and Group Comparison
Table 1 shows the 98 patients in the study, including 49 in the CRRT group and 49 in the control group. When grouping, 
the baseline characteristics of the two groups of patients were matched, including age, gender and comorbidities. 
Although the number of patients with diabetes in the CRRT group was higher than that in the control group (P < 
0.05), there was no significant difference in other baseline indicators (P > 0.05), indicating that the two groups were 
balanced at the baseline level and comparable.

Comparison of Vital Signs and Laboratory Indicators
(1) Inflammatory Indicators: There was no significant difference in CRP between the two groups before treatment (P > 
0.05), and PCT in the CRRT group was higher than that in the control group (P < 0.05). After treatment, CRP and PCT in 
the control group were higher than those before treatment (P < 0.05). In the CRRT group, after treatment, CRP was lower 
than before treatment (P < 0.001), and PCT was lower than before treatment (P < 0.01), with the differences being 
statistically significant. The results of ANCOVA showed that CRRT had a notable influence on CRP and PCT. The results 
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of the detection of leukocyte level showed that there was no significant difference between the two groups before and 
after treatment, and there were significant differences between the groups before and after treatment (P<0.05). These 
results suggest that CRRT can reduce the inflammatory response.

(2) Renal Function Indicators: Before treatment, the levels of SCR and BUN were significantly higher in the CRRT 
group than in the control group (P < 0.001), indicating poorer baseline renal function in the CRRT group. After 
treatment, the levels of SCR and BUN in the CRRT group decreased significantly (P < 0.001), and they increased in 
the control group (P < 0.001). Urine output also increased significantly in the CRRT group (P < 0.001), suggesting 
improved renal function.

Interaction Analysis: Linear regression analysis revealed an interaction effect between the baseline levels of SCR and 
BUN in the treatment group on changes in these renal function indicators. Specifically, the initial severity of renal 
impairment (higher baseline SCR and BUN) influenced the magnitude of improvement observed with CRRT. This 
interaction indicated that the effectiveness of CRRT in improving renal function was greater in patients with more severe 
baseline renal dysfunction. Therefore, a single indicator (eg absolute change in SCR or BUN) could not fully capture the 
therapeutic effect of CRRT without considering the baseline renal function status.

(3) Haemodynamics: There was no significant difference in MAP, plasma lactate and NT-proBNP between the two 
groups before treatment (P > 0.05). After treatment, there was no significant change in plasma lactate in the control 
group, MAP was lower than before treatment (P < 0.05) and NT-proBNP was higher than before treatment (P < 0.001). 
After treatment, plasma lactate in the CRRT group was lower than before treatment (P < 0.001), MAP was higher than 
before treatment (P < 0.001) and NT-proBNP was lower than before treatment (P < 0.01), and the difference was 
statistically significant. The results of ANCOVA showed whether CRRT had a significant effect on MAP changes. These 
results suggested that CRRT could improve haemodynamic indicators. See Table 2 for details. The F-values presented in 
Tables 2 and 3 are derived from ANCOVA and represent the ratio of between-group variance to within-group variance. 
These F-values are used to assess the significance of differences between the CRRT and control groups for various 
outcome measures. A higher F-value indicates a greater likelihood that the observed differences are statistically 
significant, as confirmed by the corresponding P-values.

(4) Survival Analysis: The 28-day mortality rate in the CRRT group was significantly lower than that in the control 
group (28.6% vs 49%, P = 0.038). This observed difference in survival was consistent with our a priori estimate of a 20% 

Table 1 Clinical Baseline Characteristics and Group Comparison

Variables Characteristics Control Group  
n=49

CRRT Group  
n=49

t P

(X ±SD), n(%)

Age (years) 57.78±17.90 63.22±15.24 −1.623 0.108
Sex Male 40(81.6) 37(75.5) / 0.623

Female 9(18.4) 12(24.5)

Acid-fast bacilli Positive 13(26.5) 10(20.4) / 0.634
Negative 36(73.5) 39(79.6)

Anti-TB therapy before hospitalization Yes 14(28.6) 13(26.5) / 1.000

No 35(71.4) 36(73.5)
Hypertension Yes 12(24.5) 16(32.7) / 0.503

No 37(75.5) 33(67.3)

Diabetes Yes 7(14.3) 19(38.8) / 0.011*
No 42(85.7) 30(61.2)

Heart disease Yes 3(6.1) 4(8.2) / 1.000

No 46(93.9) 45(91.8)
Chronic lung disease Yes 7(14.3) 8(16.3) / 1.000

No 42(85.7) 41(83.7)

Note: The difference in the CRRT group compared with the control group: *<0.05. 
Abbreviations: CRRT, continuous renal replacement therapy; TB, Tuberculosis.
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reduction in mortality with CRRT. The actual observed difference was 20.4%, which was very close to our expected 
difference, further validating the effectiveness of CRRT in improving survival in patients with pulmonary TB compli-
cated by sepsis.

Comparison of Recovery
The 28-day mortality in the CRRT group was lower than that in the control group (28.6% vs 49%, P = 0.038), and the 
ICU hospitalisation time in the CRRT group was shorter than that in the control group (11.27 ± 9.34 vs 15.43 ± 9.19 d, 
P = 0.028). There was no significant difference in the APACHE II score and SOFA score between the two groups before 
treatment (P>0.05). After treatment, the APACHE II score and SOFA score in the control group increased, but they 
decreased in the CRRT group, and the difference was statistically significant (P<0.001). The results of ANCOVA showed 
that CRRT had an obvious influence on the changes in the APACHE II score and SOFA score (P<0.001). These results 
suggest that CRRT can improve the overall prognosis. See Table 3 for details.

In summary, the 28-day mortality rate was significantly lower in the CRRT group (28.6%) compared with the control 
group (49%, P = 0.038), meeting the primary objective of the study. As for the secondary objectives, the CRRT group 

Table 2 Comparison of Vital Signs and Laboratory Indicators

Variables Group Before 
Treatment  
(X ±SD)

After 
Treatment  
(X ±SD)

F group/before treatment 

/B(95% CI) group/before 

treatment/interaction terms

P group/before 

treatment/interaction 

terms

Inflammatory indicators

CRP (mg/L) Control group 116.18±80.06 131.47±91.22# 26.075/24.257 <0.001/<0.001
CRRT group 134.18±80.77 67.70±58.87###

PCT (ng/mL) Control group 6.70±14.82 7.60±9.46# 8.653/12.881 0.004/<0.001

CRRT group 12.49±23.06* 3.58±7.82##

Renal function

SCR (μmol/L) Control group 74.71±44.07 97.33±86.21### 33.910(−20.085–87.904) 
/2.238(1.205–3.271) 

/-0.837(−1.375–0.318)

0.216/<0.001/0.002
CRRT group 316.65±350.04*** 205.02±218.16###

BUN (mmol/L) Control group 8.07±4.13 12.47±10.95### 5.933(−0.467–12.332) 
/2.927(1.834–4.019) 

/-1.258(−1.828–0.688)

0.069/<0.001/<0.001
CRRT group 18.66±11.79*** 12.60±8.31###

Urine volume 
(mL·kg−1·h−1)

Control group 1.20±0.59 1.35±0.78## 4.347/31.295 0.040/<0.001
CRRT group 0.74±0.59*** 1.36±0.79###

Hemodynamics

MAP (mmHg) Control group 77.45±16.88 76.22±15.82## 19.766/50.651 <0.001/<0.001
CRRT group 84.51±20.71 90.08±12.82###

Plasma lactate (mmol/L) Control group 3.12±2.50 3.08±1.86 −2.326(−3.693–0.959) 

/-0.310(−0.840–0.220) 
/0.391(0.052–0.730)

0.001/0.248/0.024

CRRT group 3.32±2.40 2.07±2.46###

Serum albumin (g/L) Control group 24.21±5.35 24.09±4.76 5.147(3196) <0.05

CRRT group 26.94±5.29* 26.99±0.69*
NT-proBNP (ng/L) Control group 4920.53±7647.71 7920.12 

±10,056.19###

−2483.611 

(−5612.284–645.062) 

/1.422(0.814–2.029) 
/-0.576(−1.051–0.101)

0.118/<0.001/0.018

CRRT group 4215.45±3962.15 2413.90 
±2910.26##

Notes: The interaction terms were vital signs and laboratory indicators before treatment in Group. The dependent variables of covariance/linear regression analysis were 
vital signs and laboratory indicators after treatment. MAP, CRP, PCT, and urine volume were analyzed by covariance, and there were no interaction terms. Plasma lactate, 
SCR, BUN, and NT-proBNP were analyzed by linear regression. F-values are derived from the covariance analysis (ANCOVA) and represent the ratio of between-group 
variance to within-group variance. A higher F-value indicates a greater likelihood that the observed differences are statistically significant. The difference in the CRRT group 
compared with the control group: *<0.05, ***<0.001. The difference after treatment compared with the same group before treatment: #<0.05, ##<0.01, ###<0.001. 
Abbreviations: CRRT, continuous renal replacement therapy; CRP, C-reactive protein; PCT, procalcitonin; SCR, serum creatinine; BUN, blood urea nitrogen; MAP, mean 
arterial pressure.
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showed significant improvements in inflammatory markers (CRP and PCT), renal function (SCR, BUN and urine output) 
and haemodynamic stability (MAP, NT-proBNP and plasma lactate). Additionally, the CRRT group had shorter ICU 
hospitalisation time and lower APACHE II and SOFA scores after treatment, indicating better overall prognosis.

Discussion
In this study, we retrospectively analysed the treatment effect of CRRT in patients with pulmonary TB complicated with 
sepsis. The results showed that compared with the control group, patients in the CRRT group showed significant 
improvements in multiple key clinical indicators. First, the inflammatory indicators (CRP and PCT) of patients in the 
CRRT group were significantly reduced after 72 hours of treatment, indicating that CRRT treatment could effectively 
improve the inflammatory state. Second, renal function indicators (SCR, BUN and urine volume) in patients in the CRRT 
group improved significantly after treatment, even though patients in the CRRT group had poor renal function before 
treatment. In addition, CRRT treatment significantly improved the patients’ haemodynamic status (MAP, plasma lactate 
and NT-proBNP) and significantly reduced 28-day mortality and ICU hospitalisation days. Finally, CRRT treatment 
significantly reduced APACHE II scores and SOFA scores, further demonstrating the effectiveness of CRRT in 
improving the overall prognosis of patients. These results demonstrate that CRRT has significant clinical advantages 
in patients with pulmonary TB and sepsis, especially in improving inflammation, renal function and haemodynamic 
status, as well as improving patient survival and prognosis.

The occurrence of sepsis is related to the excessive secretion of inflammatory mediators, and the recognition of 
pathogens in the early stage of infection activates the human immune system. The large-scale release of cytokines into 
the blood to further generate inflammatory storms is considered to be the fundamental cause of major organ dysfunction 
in sepsis.18,19 Several literature reports have demonstrated that the blood purification effect of CRRT reduces cytokine 
levels in patients with sepsis, thereby blocking the inflammatory cascade reaction.20,21 The rationale for using CRRT in 
patients with TB + sepsis is based on the dual inflammatory burden in these patients. The chronic inflammation from TB 
and the acute inflammation from sepsis create a complex environment that can be effectively managed by CRRT. 
Continuous renal replacement therapy’s ability to remove inflammatory mediators and maintain haemodynamic stability 
makes it a valuable treatment option for improving outcomes in these patients. Our study demonstrated significant 
reductions in inflammatory markers (CRP and PCT) and improvements in renal function and haemodynamics, supporting 
the hypothesis that CRRT can mitigate the severe inflammatory state in patients with TB + sepsis.

A total of 98 eligible patients with pulmonary TB complicated with sepsis were included in this study. The average 
age of the patients was 60.56 ± 16.76 years old, including 77 men and 21 women; 28 patients were complicated with 
hypertension, 26 patients with diabetes, 7 patients with heart disease and 15 patients with chronic lung disease. The 
overall mortality rate was 38.8%, and the mortality rate of the control group without CRRT was as high as 49%, which 
was in line with the high mortality rate of pulmonary TB complicated with sepsis in the previous studies.7,9

Table 3 Comparison of Recovery

Variables Control Group n=49 CRRT Group n=49 F group/before 

treatment/t
P group/before 

treatment(X ±SD), n (%)

28-day mortality 24(49.0) 14(28.6) / 0.038

ICU hospitalization time (d) 15.43±9.19 11.27±9.34 2.225 0.028
APACHE II score Before treatment 16.57±4.43 17.47±5.16 18.049/24.801 <0.001/<0.001

After treatment 18.18±8.69# 12.80±6.90###

SOFA score Before treatment 7.73±3.38 8.33±3.93 22.669/46.283 <0.001/<0.001
After treatment 9.86±5.00### 6.53±4.45###

Notes: F-values are derived from the covariance analysis (ANCOVA) and represent the ratio of between-group variance to within-group variance. A higher F-value indicates 
a greater likelihood that the observed differences are statistically significant. The interaction terms were scores before treatment in Group. The dependent variables of 
covariance analysis were scores after treatment. The difference after treatment compared with the same group before treatment: #<0.05, ###<0.001. 
Abbreviations: CRRT, continuous renal replacement therapy; APACHE II, Acute Physiological Function and Chronic Health Status Scoring System II; SOFA, Score, 
Sequential Organ Failure Score.
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In this study, 23 patients tested positive for AFB in sputum, and only 27 patients had initiated anti-TB treatment 
before hospitalisation. Some studies have shown that failure to initiate anti-TB treatment before hospitalisation increases 
the risk of death in patients with pulmonary TB complicated by sepsis.9 This may be due to the failure of early diagnosis 
and treatment of TB, which leads to disease progression, further spread of TB lesions, decreased immunity and poor 
treatment outcomes after co-infection. Therefore, early diagnosis and treatment of patients with pulmonary TB are 
crucial; it is expected to reduce the mortality rate of patients with pulmonary TB complicated by sepsis.

C-reactive protein and PCT increase rapidly when the body has an inflammatory response, which can reflect the 
condition and prognosis of patients with sepsis. In our study, CRP and PCT in the CRRT group decreased significantly 
after treatment, with statistical significance (P < 0.01), indicating that CRRT could reduce the inflammatory response of 
patients with pulmonary TB complicated with sepsis and improve the body’s immune function. This study lacks relevant 
research and analysis on the effects of CRRT on inflammatory cytokines because the clinical data on cytokines were 
incomplete. Therefore, further research should be conducted in the future. Metabolites such as BUN and SCR can reflect 
glomerular filtration function, and urine volume can reflect renal blood perfusion. In this study, SCR and BUN in the 
CRRT group before treatment were significantly higher than those in the control group, and urine output was significantly 
lower than in the control group. It is suggested that compared with the control group, the overall renal function of the 
CRRT group was worse. The possible reason is that this is a retrospective study, and clinicians tend to adopt CRRT when 
acute renal injury occurs in patients with pulmonary TB complicated with sepsis. This study showed that the BUN and 
SCR in the CRRT group decreased significantly after treatment, and the urine volume increased, with statistically 
significant differences (P < 0.001), indicating that CRRT can continuously and slowly purify the blood through 
extracorporeal circulation and has a renal protective effect on patients with pulmonary TB complicated with sepsis. 
Plasma lactate is a product of cellular anaerobic glycolysis and reflects the degree of tissue microcirculation ischemia and 
hypoxia in septic shock. N-terminal pro-B-type natriuretic peptide is a cardiac neurohormone produced by the cleavage 
of BNP, which reflects the degree of myocardial damage and the cardiac volume load after fluid resuscitation. This study 
shows that plasma lactate and NT-proBNP significantly decreased and MAP increased in the CRRT group after 
treatment, indicating that CRRT can maintain haemodynamic stability and is more advantageous for volume management 
in patients with pulmonary TB combined with septic shock, ensuring tissue perfusion while avoiding excessive fluid 
replenishment causing organ burden. The APACHE II score and SOFA score are commonly used indicators to reflect the 
severity and prognosis of the disease in the ICU. This study showed that the 28-day mortality rate of the CRRT group 
after treatment was lower than that of the control group (28.6% vs 49%, P = 0.038), the ICU hospitalisation days were 
shorter than those of the control group (11.27 ± 9.34 vs 15.43 ± 9.19 d, P = 0.028) and the APACHE II score and SOFA 
score were significantly decreased (P < 0.001), indicating that CRRT can improve the overall prognosis of patients with 
pulmonary TB complicated with sepsis.

Limitations of this study mainly include the following. First, this study is a single-centre retrospective study, and the 
sample size is limited, which may affect the universality and external validity of the results. Second, due to the 
retrospective design of the study, the data integrity and accuracy may be limited, and all potential confounding factors 
may not be controlled. Furthermore, individual differences in CRRT treatment regimens may affect the results, and 
a large-scale, multicentre prospective study is needed to verify the conclusions of this study in the future. It must be 
emphasised that there is currently a lack of unified guidelines on CRRT in regulating inflammatory responses and 
inflammatory mediators, and we suggest that future studies should further standardise treatment options for CRRT to 
reduce bias introduced by differences in treatment parameters.

Conclusion
This study demonstrated that CRRT significantly reduced 28-day mortality in patients with pulmonary TB complicated 
by sepsis, achieving the primary objective. Additionally, CRRT improved inflammatory response, renal function, 
haemodynamics and overall prognosis, supporting the secondary objectives. These findings suggest that CRRT is 
a valuable treatment option for this patient population and warrant further investigation in larger, prospective studies.
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