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Abstract

Background
It is unknown whether the early renal replacement therapy (RRT) initiation strategy in intensive care unit
(ICU) patients with acute respiratory distress syndrome (ARDS) and sepsis with or without renal failure
provides clinical bene�t.

Patients and methods:
A total of 745 patients with ARDS complicated by sepsis admitted to the ICU of Tianjin Medical University
General Hospital were included in the analysis. Early RRT was de�ned as initiating the RRT strategy
within 24 hours of admission. The relationship between early RRT and clinical outcomes, including
primary (30-day mortality) and secondary (90-day mortality, serum creatinine level, oxygenation index,
duration of invasive mechanical ventilation, cumulative �uid output, and cumulative �uid balance), was
primarily compared using propensity score matching (PSM).

Results
A total of 263 patients (35.3% of the total population) received an early RRT initiation strategy before
PSM. After PSM, a cohort of 130 patients with early CRRT and 130 patients without early CRRT with
matched baseline characteristics was constructed. Early RRT was not signi�cantly associated with 30-
[hazard ratio (HR): 1.37, 95%CI: 0.91–2.06, P = 0.127] or 90-day mortality (HR: 1.29, 95%CI: 0.89–1.88, P = 
0.182). At each time point within 72 hours after admission, there was no signi�cant difference in
oxygenation index and duration of invasive mechanical ventilation between the early RRT group and the
no early RRT group. Early RRT signi�cantly increased total output at all time points within 72 h of
admission but only reached a statistically signi�cant negative �uid balance at 72 h (P = 0.016).

Conclusions
Early RRT initiation strategies had no statistically signi�cant survival bene�t in ICU patients with ARDS
and sepsis, with or without renal failure, nor did they signi�cantly improve oxygenation or shorten the
duration of mechanical ventilation. The use and timing of RRT in these patients should be thoroughly
investigated.

Background
Renal replacement therapy (RRT) is the standard management for acute kidney injury (AKI) in intensive
care units (ICU). Regardless of the presence of renal insu�ciency, RRT may have clinical bene�ts for two
common and intertwined syndromes in intensive care settings: acute respiratory distress syndrome
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(ARDS) and sepsis. The theory that ARDS patients bene�t from negative �uid balance [1] stems from the
fact that, in the case of �uid overload, non-cardiogenic pulmonary edema caused by increased
permeability of the alveolar-capillary barrier may be exacerbated by increased intravascular hydrostatic
pressure [2, 3]. Clinical evidence from ARDS patients revealed that �uid overload could lead to longer
mechanical ventilation, longer ICU stays, and increased mortality [4, 5]. Therefore, early RRT, which can
rapidly relieve �uid overload and establish acid-base balance, may be an attractive treatment [6].

In the context of sepsis, on the other hand, there are excessive septic in�ammatory processes [7], such as
strong activation of the innate immune system [8–10], uncontrolled complement activation [11], tissue
factor and coagulation activation [12], and neutrophil extracellular trap release [13]. Therefore,
hemo�ltration has been proposed as a strategy to reduce excessive in�ammation by removing circulating
toxins and in�ammatory cytokines from the patient's circulation [7, 14]. Preclinical studies have shown
that high-volume hemo�ltration can effectively remove in�ammatory cytokines and endotoxins, as well
as reverse septicemic induced immune paralysis [15–17]. These are theoretical grounds for the clinical
bene�t of early RRT initiation in ICU patients with ARDS and sepsis, regardless of renal function.

Consider the growing trend toward early or preemptive use of RRT before the onset of late complications.
However, despite the lack of evidence of practice in the entire population, based on previous experience
with AKI patients, early RRT initiation strategies may expose patients who can achieve renal function
recovery with conservative therapy alone to potential RRT-related risks, these include life-threatening
complications such as thrombosis, infections associated with dialysis access, hemorrhagic hypotension,
and membrane biocompatibility. At the same time, clinical study �ndings on the bene�cial effects of early
RRT initiation strategies in AKI patients are contradictory [18–20]. According to a recent post hoc analysis
of the AKIKI trial involving a total of 618 critically ill patients randomized to severe acute kidney injury,
early RRT initiation strategies were not associated with any improvement in 60-day mortality in AKI and a
subgroup of sepsis or ARDS patients, nor with improved hydration status or duration of invasive
mechanical ventilation in ARDS patients [20]. Therefore, despite the theoretical basis for improved
prognosis, clinical evidence from AKI patients suggests that early RRT initiation strategies, including in
the case of sepsis and ARDS, are not promising for improved prognosis. The optimal strategy for
initiating RRT in patients with or without AKI in the context of ARDS and sepsis remains unclear. In light
of this, we used a statistical algorithm of propensity score matching (PSM) to construct baseline
matched cohort data, including serum creatinine, from observational cohort data, allowing us to conclude
the clinical bene�ts of early RRT initiation in ICU patients with ARDS complicated with sepsis.

Methods

1.1 Study design, patients
This was a single-center, retrospective observational study on discharged patients from the
comprehensive, intensive care unit of Tianjin Medical University General Hospital from January 2019 to
February 2022. Patients with the following conditions were excluded: (1) those discharged within 72
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hours of admission; (2) those who did not have admission arterial blood gas analysis measurements; (3)
those who were not diagnosed with ARDS or sepsis; and (4) those who had multiple admissions. The
diagnosis of ARDS at admission was made according to the criteria established by the American-
European Consensus Conference (AECC) [21]. The diagnostic criteria of sepsis were based on the
consensus Sepsis-3 de�nitions at admission [22]. The early RRT was de�ned as initiating the RRT
strategy within 24 hours of admission. The choice of RRT modalities was left to the discretion of the
clinician. The plasma lactate concentration was measured every six hours from admission for 48 hours
by a COBAS B-123 POC system (Roche Diagnostics, Rotkreuz, Switzerland) using arterial catheterization.
Besides the initial lactate measurement, missing values were allowed for the other time points. The
patients were followed up through outpatient visits, telephone calls, and hospital readmission records.
This study was approved by the Ethics Committee of Tianjin Medical University General Hospital
(IRB2022-YX-041-01) and conducted in accordance with the Declaration of Helsinki's ethical standards.
The need for informed consent was waived due to the retrospective nature of our study. The study was
reported in accordance with the guidelines outlined in the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.[23].

1.2 Study Variables
For multivariate adjustment and propensity score matching, the following 20 variables were used as
covariates: patient demographics (age, sex), past medical history [hypertension, diabetes, coronary artery
disease (CAD), ischemic stroke, and cancer], clinical characteristics upon admission [levels of systolic
and diastolic blood pressure (SBP and DBP), heart rate, serum creatinine, oxygenation index, Glasgow
Coma Scale (GCS) [24], and Sequential Organ Failure Assessment (SOFA) score [25], emergency surgical
operation, invasive mechanical ventilation, and other inpatient treatment within 24 hours of admission
[antibiotics, sedative/analgesic, vasoactive medications, and blood component transfusion]. The
de�nition of the above study variables is listed in Supplemental Table 1. All the above parameters were
included as covariables in the adjustment.

We imputed missing data for variables with missing values using MissForest, a random forest imputation
algorithm for missing data implemented in R software, version 3.2.3. (R Foundation for Statistical
Computing) [26]. The missing rates of the study variables are shown in Supplemental Table 2.

1.3 Study Outcomes
The primary outcome was 30-day mortality, de�ned as death within 30 days of admission. Secondary
outcomes included :(1) 90-day mortality, de�ned as death within 90 days of admission; (2) serum
creatinine levels at 24, 48, and 72 hours after admission; (3) oxygenation index at 24, 48, and 72 hours
after admission; (4) duration of invasive mechanical ventilation (only patients with invasive mechanical
ventilation); (5) cumulative �uid output at 24, 48, and 72 hours after admission, which encompasses
cumulative urine output and cumulative volume of ultra�ltration during RRT; (6) cumulative �uid balance
(difference between cumulative �uid intake and cumulative �uid output) at 24, 48, and 72 hours after
admission.
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1.4 Statistical Analysis
STATA 17.0 (StataCorp, College Station, TX) was used for statistical analysis. A two-tailed P < 0.05 was
considered statistically signi�cant. The baseline characteristics of early RRT status were reported as the
means (± SD) for normally distributed data and medians with 25th and 75th percentiles for non-
parametric data. Categorical variables were summarized using percentages. For categorical variables,
Fisher's exact test was used to compare differences between groups with a binomial distribution. For
continuous variables, the Mann-Whitney U test and unpaired t-test were used to compare differences
between groups with skewed and normal distributions, respectively.

For PSM analyses, we performed a 1-to-1 matching for early RRT vs. no early RRT in the total population
based on the 20 baseline covariates. We used the Stata command "calipmath" to perform a greedy
matching algorithm with no replacement for all propensity score matching. A caliper width of 0.04 of the
standard deviation of the logit of the propensity score was used for all matching [27]. The absolute
standardized difference (ASD) is recommended to compare baseline covariates. ASD is superior to rank-
sum test or t-test since it is independent of sample size, and between-group imbalances were considered
to be ideal if it was less than 10% (Stata command "stddiff") [28].

We performed the following sensitivity analyses: (1) another PSM with a maximal matching ratio of 1-to-
2 for early RRT vs. no early RRT; (2) a multivariate Cox proportional hazard model for early RRT vs. no
early RRT; (3) excluding patients with the delay strategy of RRT based on the 1-to-1 matching cohort; (4)
excluding the patients with the previous history of renal failure based on the 1-to-1 matching cohort; (5)
excluding the patients with the previous history of regular RRT based on the 1-to-1 matching cohort; (6)
excluding the patients with absolute indications for early RRT based on the 1-to-1 matching cohort.
Among them, the absolute indications for early RRT initiation strategies were de�ned as: (1) oliguria or
anuria ≥ 72 hours after admission; (2) azotemia with blood urea nitrogen 40 mmol/L; (3) hyperkaliemia
with serum potassium ≥ 6 mmol/L or ≥ 5.5 mmol/L (concurrent with medical management), (4) pure
metabolic acidosis with pH ≤ 7.15 and PaCO2 < 35 mmHg; (5) acute pulmonary edema requiring
emergency ultra�ltration as judged by the physician at admission.

Finally, we performed the following interaction tests and subgroup analyses based on matched
population, including age (< 65 years and ≥ 65 years), sex, mean arterial pressure (MAP < 65 mmHg and
≥ 65 mmHg), estimated glomerular �ltration rate (eGFR ≤ 60 mL/min/1.73m2 and > 60 mL/min/1.73m2;
eGFR was calculated according to the equation by Chronic Kidney Disease Epidemiology Collaboration
[29]), ARDS Severity (mild ARDS is de�ned as an oxygenation index > 200 mmHg, moderate as an
oxygenation index of 100–200 mmHg, and severe as an oxygenation index < 100 mmHg), SOFA score
(subgroups according to the SOFA score were categorized into tertials: 5–9, 10–13, and 14–28).

Results

2.1 Patient Characteristics
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From January 2019 to February 2022, 1,510 patients were discharged from the comprehensive ICU of
Tianjin Medical University General Hospital. As shown in Fig. 1, 745 patients were included in the �nal
analysis. A total of 263 patients (35.3%) received the early RRT initiation strategy. In addition, between the
early and no early RRT groups, 87 (33.1%) and 155 (32.2%) patients died within 30 days, respectively.
There were no cases of loss to follow-up.

Before the PSM algorithm, early RRT patients had a higher prevalence of hypertension; higher levels of
SBP, admission serum creatinine, oxygenation index, and SOFA score; a higher rate of blood component
transfusion; a lower prevalence of cancer; lower rate of emergency surgical operation, invasive
mechanical ventilation, antibiotics, sedative and analgesic as compared with no early RRT patients. The
baseline characteristics before and after PSM are shown in Supplemental Table 3. Following PSM, a
cohort composed of 130 early RRT patients (49.4% of the total early RRT population) and 130 no early
RRT patients was constructed, with well-balanced demographics, previous history, on-admission clinical
characteristics, and in-hospital management strategies. There was no signi�cant difference observed in
serum creatinine between RRT groups after PSM. This means that there is no difference in the use of RRT
initiation strategies due to differences in renal function. The baseline characteristics after PSM are shown
in Table 1, and the ASD before and after PSM are shown in Fig. 2.
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Table 1
Baseline characteristics between patients with early RRT v.s. no early RRT after PSM.

Characteristics Total n = 
260

Early RRT n = 
130

No Early RRT n = 
130

P
Value

Demographics

Age, year 58.5 ± 17.7 58.8 ± 17.2 58.1 ± 18.2 0.750

Male, n (%) 141 (54.2) 69 (53.1) 72 (55.4) 0.800

Previous history

Hypertension, n (%) 135 (51.9) 66 (50.8) 69 (53.1) 0.800

Diabetes, n (%) 83 (31.9) 41 (31.5) 42 (32.3) 1.000

CAD, n (%) 49 (18.8) 23 (17.7) 26 (20.0) 0.750

Ischemic stroke, n (%) 48 (18.5) 24 (18.5) 24 (18.5) 1.000

Cancer, n (%) 27 (10.4) 15 (11.5) 12 (9.20) 0.680

On-admission clinical characteristics

SBP, mmHg 131 ± 36.0 132 ± 37.5 131 ± 34.6 0.890

DBP, mmHg 67.2 ± 19.2 67.0 ± 20.0 67.3 ± 18.5 0.900

Heart rate, bpm 105 ± 25.5 104 ± 26.8 105 ± 24.3 0.700

Serum creatinine, umol/L 188 ± 124 192 ± 123 184 ± 125 0.600

Oxygenation index, mmHg 176 ± 67.5 179 ± 69.2 173 ± 66.0 0.480

GCS Score 13 (6.5 to
15)

13.5 (5 to 15) 13 (7 to 15) 0.690

SOFA Score 11 (9 to 15) 11 (9 to 16) 11.5 (9 to 15) 0.940

Emergency surgical operation, n (%)

  26 (10.0) 12 (9.20) 14 (10.8) 0.840

Invasive mechanical ventilation, n (%)

  163 (62.7) 80 (61.5) 83 (63.8) 0.800

Other in-hospital treatment within 24 hours of admission

Antibiotics, n (%) 226 (86.9) 113 (86.9) 113 (86.9) 1.000

Sedative and analgesic, n (%) 149 (57.3) 72 (55.4) 77 (59.2) 0.620

Vasoactive medications, n (%) 102 (39.2) 48 (36.9) 54 (41.5) 0.530
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Characteristics Total n = 
260

Early RRT n = 
130

No Early RRT n = 
130

P
Value

Blood component transfusion, n
(%)

89 (34.2) 45 (34.6) 44 (33.8) 1.000

2.2 Associations between Early RRT Strategy Initiation and
Clinical Outcomes
Early initiation of RRT did not have a statistically signi�cant association with 30-day mortality (Hazard
ratio (HR): 1.37, 95% CI: 0.91 to 2.06, P = 0.127), nor, similarly, with 90-day mortality (HR: 1.29, 95% CI:
0.89 to 1.88, P = 0.182) as shown in Table 2. The Kaplan-Meier curves for 30- and 90-day mortality are
shown in Fig. 3. Baseline serum creatinine after PSM remained consistent between early RRT groups. The
early RRT initiation strategy reduced serum creatinine by 27% within 48 hours, a statistically signi�cant
difference compared with early RRT (P = 0.015). At 72 hours, serum creatinine showed a slight rebound.
Patients who were enrolled improved in their oxygenation index regardless of whether RRT was started
early or late. However, there was no signi�cant difference between the early RRT group and the no early
RRT group at any time point within 72 hours of admission. There was also no signi�cant difference in
duration between invasive mechanical ventilation patients (P = 0.760). Early RRT signi�cantly increased
patients' total output at all time points within 72 hours of admission but only reached a statistically
signi�cant negative �uid balance at 72 hours when compared with no early RRT (P = 0.016).
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Table 2
Analyses of primary and secondary outcomes.

  Early RRT (n = 130) No Early RRT (n = 130) P Value

Primary Outcome      

30-day Mortality HR and 95%CI: 1.37 (0.91 to 2.06)  

53 (40.8) 41 (31.5) 0.160

Secondary Outcome      

90-day Mortality HR and 95%CI: 1.29 (0.89 to 1.88)  

60 (46.2) 50 (38.5) 0.260

Serum Creatinine (umol/L)    

Baseline 192 ± 123 184 ± 125 0.600

24 hours 157 ± 125 182 ± 134 0.120

48 hours 140 ± 97.5 177 ± 139 0.015

72 hours 153 ± 124 166 ± 138 0.440

Oxygenation Index (mmHg)    

Baseline 178 ± 69.2 173 ± 66.0 0.480

24 hours 219 ± 104 216 ± 100 0.800

48 hours 227 ± 102 230 ± 99.0 0.800

72 hours 234 ± 99.4 224 ± 90.4 0.410

Duration of invasive mechanical ventilation (days)    

  8.7 (4.10 to 18.0) 9.11 (3.95 to 16.1) 0.760

Total Output (mL)      

24 hours 4407 (2267 to 7866) 2691 (1797 to 4339) < 0.001

48 hours 4950 (2990 to 7700) 2775 (1900 to 3650) < 0.001

72 hours 4887 (2700 to 7800) 2995 (2200 to 3600) < 0.001

Fluid Balance (mL)      

24 hours 444 (-987 to 2905) 642 (-663 to 1866) 0.680

48 hours -261 (-1159 to 1124) 277 (-564 to 1034) 0.180

72 hours -196 (-1258 to 870) 106 (-434 to 877) 0.016
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2.3 Sensitivity and Subgroup Analysis
There was no statistically signi�cant difference between early RRT initiation strategy and 30- (Fig. 4) and
90-day mortality (Supplementary Fig. 1), whether based on the propensity score matching of a maximal
ratio of 1-to-2 (the covariate characteristics after PSM are shown in Supplemental Table 4; covariate
balance before and after matching was shown in Supplemental Fig. 2), multivariable Cox proportional
hazard analysis, or excluding patients with the delay strategy of RRT, patient with the previous history of
renal failure, patient with the previous history of regular RRT and patient with absolute indications for
early RRT based on the 1-to-1 matching cohort. However, there was no statistically signi�cant clinical
bene�t from early RRT compared with no RRT, except in patients with delayed RRT initiation. In addition,
the results remained consistent except for patients with absolute indications for RRT, who are known to
have a higher risk of mortality (Fig. 4).

Apart from the SOFA score subgroups, early initiation of the RRT strategy remained roughly consistent
across subgroups compared with no early initiation, regardless of 30- (Fig. 4) or 90-day mortality
(Supplementary Fig. 1), and there was no signi�cant interaction was observed among subgroups. The
subgroup with the highest SOFA score (14–28) showed the contribution of early RRT to increased
mortality with a signi�cant interaction.

Discussion
Our results indicate that early RRT initiation had no statistically signi�cant survival bene�t in ICU patients
with ARDS and sepsis, with or without renal failure, when compared to no early RRT initiation or even no
RRT initiation. Early RRT initiation strategies also did not signi�cantly improve oxygenation or shorten
mechanical ventilation time. This implies that although RRT is the standard treatment for AKI and there
may be a theoretical basis for improving prognosis, an early RRT initiation strategy aimed at improving
hydration status, oxygenation, and even clearing excessive in�ammatory mediators in patients with
ARDS combined with sepsis does not provide any clinical bene�t, regardless of patients' renal function.
"Primum non nocere," the adage seems to suggest that the RRT should be delayed or even reduced unless
it is really needed [30]. To our knowledge, this is the only clinical study to investigate the clinical bene�ts
of an early RRT initiation strategy in a speci�c patient population of ARDS and sepsis with or without
renal failure.

As mentioned above, patients with ARDS seem to bene�t from early RRT initiation, which may promote
rapid �uid negative balance. Han et al. compared oxygenation of continuous renal replacement therapy
(CRRT) in a total of 53 ARDS patients with early initiation (within 12 hours after ARDS onset) and late
initiation of CRRT (48 hours after ARDS onset) and found that oxygenation was signi�cantly improved,
and mechanical ventilation time was shortened in the early CRRT group [6]. There were no hard-end
points in this small sample study. Another single-center retrospective study compared the hard endpoints
of early (≤ 48 hours postintubation) versus late (> 48 hours postintubation) RRT initiation in patients with
ARDS, suggesting that the timing of RRT initiation was not associated with a survival bene�t [31]. But
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none of these studies compared hydration status. Our analysis of secondary outcomes showed that early
RRT initiation with early onset may control �uid overload and achieve a negative balance 72 hours after
admission, but this negative balance is insu�cient to improve oxygenation index and shorten mechanical
ventilation duration, or even improve survival. Gaudry et al. demonstrated in a post-hoc analysis of the
AKIKI trial that it is preferable to use a diuretic rather than initiate RRT if the goal is only to control �uid
balance.[20], while patients without AKI may respond better to diuretic administration. Although the surge
of pro-in�ammatory mediators during sepsis can theoretically be removed by blood �ltration [14],
preclinical studies have also provided plenty of positive evidence [15–17]. Cole et al. found that in a total
of 24 patients with early septic shock or infectious organ dysfunction, RRT did not reduce circulating
levels of several cytokines and allergic toxins associated with organ dysfunction after septic shock or
severe sepsis [32]. Therefore, the effect of routine RRT on in�ammatory molecules may be small, and
higher �ow RRT strategies may be required [14], but the impact on clinical outcomes remains uncertain
[33–35]. The �ndings of our study are consistent with guidelines not to use renal replacement therapy in
patients with sepsis or septic shock unless there is a clear indication [36]. Furthermore, despite the
increased severity of sepsis-related multiple organ failure, the proportion of early RRT use increased but
did not improve survival outcomes (Fig. 4).

In the subgroup analysis, despite the small sample size, the survival bene�t of early RRT was almost
equal to that of delayed or even no RRT initiation in patients with eGFR ≤ 60 mL/min/1.73m2 (Fig. 4).
Although patients delineated by baseline eGFR alone cannot completely replace the de�nition of AKI, this
is broadly consistent with current results based on large multicenter randomized controlled trials (RCT)
[19, 20]. In renal function, starting with the matched baseline serum creatinine level, although the early
RRT initiation strategy resulted in statistically different serum creatinine levels compared to no early RRT
at 48 hours, the difference disappeared at 72 hours. This suggests that the improvement in renal function
brought about by the early RRT initiation strategy is delayed and transient. This �nding does not support
the faster recovery of renal function associated with the early initiation of RRT strategies. In fact, a
growing body of evidence supports the hypothesis of renal injury induced by the arti�cial kidney [30],
including RRT-related hemodynamic instability [37], biological incompatibility between blood and
synthetic dialyzer membrane [38, 39], catheter-related complications (bleeding, infection), [19, 40] and
other potential mechanisms involved in RRT-induced renal injury [30]. It may even be an important factor
in eliminating or even reversing the possible early RRT in promoting the improvement of prognosis.

The main advantage of this study is that the statistical method of PSM was used to construct a
simulated RCT cohort. In fact, it is di�cult to compare the advantages and disadvantages of the early
RRT strategy to construct RCT in patients without considering renal function status. However, our study
has the following limitations. First, these �ndings are based on an observational study that cannot
determine a causal effect between early RRT and improved clinical outcome and still needs to be
con�rmed in randomized clinical trials, if at all; second, although we used PSM to minimize the bias, we
could not rule out the effect of unmeasured confounders, but we assessed the robustness of the
association with unmeasured or uncontrolled confounders by calculating an E-value [41] of 1.79 for early
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RRT and 1.67 for 30- and 90-day mortality, respectively. To our knowledge, unmeasured/unknown
confounders would be less likely to have an association with both early RRT and study outcomes (30-
and 90-day mortality) to an extent by having HRs exceeding 1.79 and 1.67, respectively; third, we could
not use the Berlin de�nition [42] to de�ne patients with ARDS due to lack of information (e.g., bilateral
invasion on chest X-ray); fourth, there is a lack of circulatory and pulmonary �uid measurements
measured by cardiac catheterization to directly evaluate whether early RRT alleviates pulmonary edema
by reducing intravascular hydrostatic pressure, and serum in�ammatory mediators and cytokines to
directly evaluate whether early RRT alleviates overactivated in�ammatory responses; �fth, due to the
large heterogeneity of baseline characteristics of patients in intensive care Settings, the percentage of
successful matches in the 1-to-1 matched cohort was low (49.4% of all patients with early RRT). However,
the consistency of our results using multiple statistical methods and sensitivity analysis ensures the
robustness of the results of the small sample cohort as much as possible.

Conclusions
Early RRT initiation strategies had no statistically signi�cant survival bene�t in ICU patients with ARDS
and sepsis, with or without renal failure, nor did they signi�cantly improve oxygenation or shorten the
duration of mechanical ventilation. The use and timing of RRT in these patients should be thoroughly
investigated.
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Figure 1

A schematic overview illustrating participant enrollment and the exclusion and inclusion criteria.
Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care unit; RRT, renal replacement
therapy.
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Figure 2

A Love-Plot illustrating the effect of matching were evaluated by comparing the absolute standardized
difference. Abbreviations: CAD, coronary heart disease; DBP, diastolic blood pressure; GCS, Glasgow
Coma Scale; SBP, systolic blood pressure; SOFA, Sequential Organ Failure Assessment.
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Figure 3

Survival analysis by early RRT status. Kaplan-Meier curves of the probability of survival by early RRT
status with respect to 30- (left) and 90-day mortality (right). Numbers at risk are shown below each graph.
Abbreviations: CI, con�dence intervals; HR, hazard ratio; RRT, renal replacement therapy.
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Figure 4

Forest plot of the sensitivity and subgroup analysis for primary outcome. Abbreviations: ARDS, acute
respiratory distress syndrome; CI, con�dence intervals; eGFR, estimated glomerular �ltration rate; HR,
hazard ratio; MAP, mean arterial pressure; RRT, renal replacement therapy.
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