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Abstract: Introduction: Lactate is a useful prognostic marker, as its level increases in hypoxic
tissue and/or during accelerated aerobic glycolysis due to excessive beta-adrenergic stimulation
and decreased lactate clearance. The Surviving Sepsis Campaign Bundle 2018 Update suggests
premeasurement of lactate within 2–4 h so that physicians perform, assist, administer, and introduce
lactate-guided resuscitation to reduce mortality due to sepsis. Methods: A total of 108 patients with
septic shock who underwent continuous renal replacement therapy (CRRT) for acute kidney injury
were enrolled in this observational study. Demographic, clinical, and laboratory data were collected,
and patients were divided into two groups: survivors and non-survivors. Results: Multivariate
analysis demonstrated that lactate levels at 24 h after initiation of CRRT treatment, but not lactate
levels at intensive care unit (ICU) admission, were associated with mortality. Lactate clearance was
associated with lower mortality among the survivors (OR = 0.140) at 6 h after ICU admission and
late mortality (OR = 0.260) after 24 h. The area under the ROC curves for mortality was 0.682 for
initial lactate; 0.797 for lactate at 24 h; and 0.816 for lactate clearance at 24 h. Conclusions: Our result
reinforces that the determination of lactate dynamics represents a good predictor for mortality, and
serial lactate measurements may be more useful prognostic markers than initial lactate in patients
with septic shock.

Keywords: sepsis; mortality; survival; lactate clearance; acute kidney injury; plasmapheresis; contin-
uous venovenous hemofiltration with dialysis

1. Introduction

Lactate and its clearance are crucial in various medical conditions, including renal
support procedures like hemodialysis. Elevated lactate levels are associated with poor
outcomes in critically ill patients, such as septic patients with acute kidney injury (AKI),
reflecting tissue hypoxia and metabolic stress [1,2]. Continuous renal replacement therapy
(CRRT) is used to manage fluid overload, correct electrolyte imbalances, and aid in lactate
clearance [3], but, sometimes, it may not always significantly reduce lactate levels, particu-
larly in cases of persistent circulatory ischemia and hypoxia [2]. The relationship between

Clin. Pract. 2024, 14, 980–994. https://doi.org/10.3390/clinpract14030078 https://www.mdpi.com/journal/clinpract

https://doi.org/10.3390/clinpract14030078
https://doi.org/10.3390/clinpract14030078
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/clinpract
https://www.mdpi.com
https://orcid.org/0009-0001-3217-1889
https://orcid.org/0000-0001-8978-3168
https://orcid.org/0000-0003-3261-9820
https://orcid.org/0000-0002-0699-710X
https://orcid.org/0009-0008-7337-7868
https://orcid.org/0009-0007-1728-3552
https://orcid.org/0000-0003-3406-0303
https://orcid.org/0000-0002-2242-7764
https://doi.org/10.3390/clinpract14030078
https://www.mdpi.com/journal/clinpract
https://www.mdpi.com/article/10.3390/clinpract14030078?type=check_update&version=2


Clin. Pract. 2024, 14 981

lactate trajectory and mortality in sepsis-associated AKI patients undergoing CRRT has
been extensively studied. In critically ill patients, elevated lactate levels have been linked
to increased mortality rates, and lactate clearance was used in predicting outcomes. The
timing of initiating CRRT is crucial for improving patient outcomes, given that an early
initiation of CRRT has been associated with better survival rates and reduced morbidity in
this patient population [4]. Additionally, the relationship between the lactate trajectory and
28-day mortality in the ICU demonstrates the potential of CRRT in managing lactate levels
and enhancing patient prognosis [2]. Therefore, CRRT is a valuable tool for addressing
acid–base and electrolyte imbalances in AKI, further emphasizing its role in optimizing
patient care and reducing morbidity [5].

Lactic acidosis, a condition characterized by elevated lactate levels, can result from
increased lactate production or impaired lactate clearance [6], being a common complica-
tion in sepsis and AKI [3]. Persistent acidosis during CRRT is a strong predictor of poor
prognosis, highlighting the importance of lactate normalization in these patients. Although
CRRT can correct metabolic acidosis and assist in lactate clearance [3], further investigation
is needed to determine the optimal timing and intensity of therapy concerning lactate
clearance and morbidity rates to enhance patient management [4]. In refractory cardiogenic
shock patients undergoing extracorporeal membrane oxygenation (ECMO), rising lactate
levels have been associated with postoperative renal failure and poor outcomes [7]. Lactate
clearance during ECMO therapy can affect outcomes, especially in pediatric patients [8].
Furthermore, impaired lactate clearance has been linked to poor prognosis in sepsis and
cardiogenic shock [9,10]. In hemodialysis patients, the relationship between lactate/lactic
clearance and morbidity rates becomes significant. Reduced lactate clearance may in-
dicate globally impaired renal and hepatic metabolic function, which can contribute to
systemic lactate accumulation [11,12]. Studies have suggested that lactate clearance serves
as a marker for ongoing tissue hypoxia and can predict mortality in patients with severe
sepsis [13,14]. Additionally, improving lactate clearance has been associated with better
outcomes in patients with sepsis and AKI [15,16]. In the setting of cardiac surgery and
extracorporeal life support (ECLS), elevated lactate levels and impaired lactate clearance
have been linked to poor outcomes, emphasizing the importance of monitoring lactate
dynamics [17,18]. It was stated that a lactate clearance of less than 10% at 24 h has been
correlated with increased mortality in children with shock [19], and perioperative hyperlac-
tatemia and decreased lactate clearance were identified as potential predictors for various
infections after cardiac surgery [20].

In conclusion, the prescription of CRRT is a pathway to optimize therapy in critically
ill patients, providing a tailored approach to managing conditions like sepsis and AKI [21].
Recent advancements in CRRT techniques, such as the use of membrane adsorbers for
endotoxin and cytokines, have shown promising results in improving patient outcomes [21].
Understanding the impact of CRRT on lactate levels and clearance in septic patients is
crucial for comprehending the relationship between lactate metabolism and morbidity
rates [2]. Additionally, using CRRT in critical care settings significantly contributes to
managing renal function and addressing complications associated with AKI [22].

Therefore, the interplay between lactate metabolism, CRRT, and morbidity rates in
critically ill patients receiving renal assistance is a complex area that necessitates compre-
hensive evaluation and management strategies. Monitoring lactate levels, optimizing CRRT
protocols, and early initiation of therapy are essential components for reducing morbidity in
these vulnerable populations. Further research and clinical studies are needed to elucidate
the intricate mechanisms underlying lactate clearance, renal support procedures, and their
impact on morbidity rates in critically ill patients.

Thus, the present study aims to establish the impact of lactate and its clearance on
morbidity rates in septic shock patients undergoing CRRT. We propose to clarify the precise
relationship between lactate levels, renal support interventions, and patient outcomes, to
prevent possible unnecessary lactate monitoring after the initiation of CRRT.
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2. Materials and Methods
2.1. Consent and Ethics Approval

The ethics committee of Resita County Emergency Hospital (Caras-Severin, Romania)
approved the present study, which was conducted in accordance with the Declaration
of Helsinki and approved by the ethics committee of Resita County Emergency Hospital
(Caras-Severin, Romania), with the protocol code 1424 on 30 January 2019. The individual
data of each patient were entered into an Excel file, being stored as an encrypted file, to
protect the confidentiality of the patients. Since the collection of patient data from the
hospital database did not change their management in any way, and the statistical analyses
were processed anonymously, the informed consent of each patient was no longer necessary
for participation in this study with a retrospective design.

2.2. Study Design and Patient Population

The present study represents an observational study of a cohort of 990 patients who
were admitted to the critical care unit of the Resita County Emergency Hospital (Caras-
Severin, Romania, latitude 45◦17′09.60′′ N, longitude 21◦53′30.12′′ E), from June 2021 to
December 2021. The exclusion criteria referred to patients under the age of 18, those
who suffered previous surgical interventions, neurologically comatose patients, patients
with non-pulmonary septic shock, or those presenting a state of shock of another etiology
(cardiogenic and/or neurogenic) (n = 882). Finally, a total of 108 patients remained as
the study population to be analyzed, with age > 18 years and admission to ICU with a
diagnosis of pulmonary septic shock—these variables refer to the inclusion criteria. During
these seven months, of the 108 patients with septic shock enrolled in this study, 69 of them
were diagnosed with COVID-19, and 39 patients did not have COVID-19. In addition, from
the total number of patients included in this study, 98 patients needed continuous renal
replacement therapy (CRRT) (plasmapheresis and continuous venovenous hemofiltration
with dialysis (CVVHDF)). Among them, only 28 patients benefited from both renal support
procedures, 52 patients benefited from CVVHDF, and 46 patients benefited only from
plasmapheresis (Figure 1).
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For the CVVHDF therapy, a Prismaflex System from Baxter International Inc. (Deer-
field, IL, USA) was used. This system supports the individual needs of the patients with
single or multiple organ failure therapies in one device. An Infomed HF440 CRRT machine
from LINC Medical Systems Ltd. (Leicester, UK) was used for plasmapheresis therapy.

2.3. Data Collection

Demographic and clinical data including age, gender, virus infection, smoking history,
and comorbidities such as chronic heart failure, chronic kidney disease (CKD), chronic
obstructive pulmonary disease (COPD), obesity, hypertension (HTN), diabetes, neurologic
disease, oncological disease, and hematological disease were collected. One hundred and
eight patients with the diagnosis of pulmonary septic shock were enrolled in the present
study. Of them, 68 patients were men, divided into two groups: survivors (32 patients
(68.1%)) and non-survivors (36 patients (59.0%)). Within the survivor group, 22 patients
(46.8%) were infected with COVID-19. We also collected the length of stay (LOS) in the
intensive care unit (ICU), one of the most commonly used metrics for quality of care, the
oxygen saturation (SpO2) at ICU admission, the oxygen pressure in arterial blood (PaO2) at
1 h of ICU admission, the fraction of inspired oxygen (FiO2), and the partial pressure of
carbon dioxide (PaCO2), as well as the treatment measures during the ICU stay such as the
administration of high-flow nasal cannula (HFNC) therapy, administration of continuous
positive airway pressure (CPAP), mechanical ventilation, and continuous renal replace-
ment therapy (CRRT)—plasma exchange and continuous venovenous hemodiafiltration
(CVVHDF). At ICU admission, the SOFA score (Sequential Organ Failure Assessment) and
APACHE II (acute physiology and chronic health evaluation) were calculated [23,24].

The medical devices used for the HFNC therapy measurement, high-flow O2 therapy,
invasive and non-invasive mechanical ventilation, and oro-tracheal intubation, as well as
monitoring devices, were from Draeger (Lübeck, Germany). For monitoring the patients’
vital functions, the Draeger Infinity C700 was used; for high-flow oxygen therapy and
non-invasive mechanical and assisted mechanical ventilation, the Dräger Evita® V800 and
Dräger Savina® 300 Select were used. For high-flow nasal cannula (HFNC) therapy, the
Airvo™ 2 Nasal High Flow/HFNC System from Fisher & Paykel Healthcare Corporation
Limited (Auckland, New Zealand) was used, and the cobas b 123 POC system (from Roche
Diagnostics GmbH, Mannheim, Germany) was used for arterial gases and electrolytes.

Clinical laboratory data included routine blood tests, white blood cell (WBC) count,
neutrophil ratio, lymphocytes, serum pH, and hemoglobin (Hb); inflammatory indicators,
procalcitonin (PCT), fibrinogen, and C-reactive protein (CRP); and all lactates at ICU ad-
mission and within 24 h after ICU admission. The complete ABG analysis was performed
serially, in the first hour after admission to the ICU, then in the interval 4–6 h after admis-
sion, and finally at 24 h; the full blood count, complete coagulogram, and biochemistry
analysis were repeated between 12 and 24 h, as well as in the morning of the next day after
ICU admission.

Initial serum lactate levels were measured at ICU admission, and we followed the
lactate levels at 6 and 24 h from the initial measurement. The lactate clearance rate was
defined according to Odom et al. [25], using the following equation:

Lactate clearance rate [%] =
lactate initial − lactate delayed

lactate initial
× 100

Lactate clearance levels were calculated at 6 and 24 h from ICU admission. An increase
in lactate is marked by obtaining a negative value, while obtaining a positive value marks
a decrease in lactate. The primary clinical outcome of the present study was the mortality
rate of patients who benefited from the CRRT. Secondary outcomes, including changes in
lactate levels and lactate clearance, especially in patients who benefited from the CRRT,
were registered for all participants.
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2.4. Treatment Procedure

All patients with pulmonary septic shock were treated according to the standard
protocol recommended by the Surviving Sepsis Campaign (SSC) guidelines [26]. Fluid
resuscitation was performed in the first hour after ICU admission using 10–20 mL/kgc
crystalloid solutions depending on the fluid status of every patient. Arterial blood gases
(ABGs) were followed, parameters that correlated with lactate, pH, and excess bases (BEs).
Noradrenaline (1 mg/mL, Fresenius Kabi Romania SRL, Brasov, Romania) ± Dobutamine
(250 mg from Panpharma SA, Luitré-Dompierre, France) infusions were combined to
maintain the mean arterial pressure (MAP) over 65 mmHg. Medium patient ICU admission
time from the Emergency Department was 6.5 h (2–12 h).

2.5. Statistical Analysis

Data analysis was performed using SPSS Statistics version 27, a software application
developed by the IBM Company (Armonk, NY, USA). Descriptive statistical analysis
was utilized to summarize and describe the demographic and clinical information. The
Kolmogorov–Smirnov test was employed to evaluate the normality of the data, with a null
hypothesis that the data originate from a normal distribution. The numerical variables that
exhibited normal distributions were characterized by their mean and standard deviation,
while the other variables were presented as medians and quartiles. The Mann–Whitney
U-test was used to analyze non-parametric variables, while parametric variables were
assessed using the parametric t-test. The receiver operating characteristic (ROC) curves and
optimal threshold values were used to assess the accuracy of the interpretation. Statistical
significance was established at a p-value threshold of 0.05 and highlighted in bold.

3. Results
3.1. Baseline Characteristics and Clinical Outcomes

Table 1 depicts the comparison of baseline data and clinical characteristics of the patients
according to survivors and non-survivors. The baseline data and the clinical characteristics
between the survivor and the non-survivor groups were compared among all patients. The
results showed that there was no significant difference between the survivors and non-
survivors concerning age, gender, comorbidities (with one exception—the patients who
suffer from neurologic disease), smoking, LOS ICU, SpO2, PaO2, FiO2, PaCO2, and treatment
measures during the ICU stay (HFNC, CPAP, and mechanical ventilation) (p > 0.05). There
were significantly more patients infected with COVID-19 (47 vs. 22, p = 0.009), as well as
patients who suffer from neurologic disease (24 vs. 7, p = 0.006), in the non-survivor group
than in the survivor group. However, there were significantly fewer patients who needed
CRRT (plasma exchange (18 vs. 28, p = 0.002) and CVVHDF (24 vs. 28, p = 0.037)) in the
non-survivor than in the survivor group. Regarding the APACHE II score, the interquartile
range was the same in both groups of patients, and the SOFA score is under the optimal point
for discrimination between mortality and survival in both groups of patients (survivors and
non-survivors).

Table 2 depicts a comparison between the clinical outcomes (hematological values)
of the survivor patients. The results showed significant differences between the sur-
vivor and non-survivor groups concerning the CRP (138 vs. 101, p = 0.025), procalcitonin
(6.8 vs. 3.2, p = 0.006), and lactate levels at ICU admission (4.3 vs. 2.9, p = 0.001), after
6 h (3.9 vs. 2.5, p < 0.001) and after 24 h of ICU admission (4.8 vs. 2.1, p < 0.001), which
were significantly higher in the non-survivor group as compared to the survivor group.
However, the percentage of lactate clearance calculated at 6 h (0 vs. 0.140, p < 0.001) and 24 h
(−0.2000 vs. 0.260, p < 0.001) of ICU admission was significantly lower in the non-survivor
group as compared to the survivor group.
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Table 1. Demographic and clinical characteristics of participants according to survivor and non-
survivor groups.

Variables Survivors (n = 47) Non-Survivors (n = 61) p-Value

Age (range, years) 71 (62–81) 75 (63–82.5) 0.357
Male % (n) 68.1 (32) 59.0 (36) 0.333

COVID-19 infection % (n) 46.8 (22) 77 (47) 0.009

Comorbidities % (n)

• Chronic heart failure 21.3 (10) 36.1 (22) 0.095

• CKD 10.6 (5) 14.8 (9) 0.577

• COPD 23.4 (11) 16.4 (10) 0.361

• Obesity 40.4 (19) 32.8 (20) 0.413

• HTN 59.6 (28) 67.2 (41) 0.413

• Diabetes 51.1 (24) 42.6 (26) 0.383

• Neurologic disease 14.9 (7) 39.3 (24) 0.006

• Oncological disease 10.6 (5) 6.6 (4) 0.499

• Hematological
disease 36.2 (17) 29.5 (18) 0.500

Smoking % (n) 17 (8) 13.3 (8) 0.599
LOS ICU (range, days) 7 (6–10) 6 (4–10) 0.083
Plasma exchange % (n) 59.6 (28) 30 (18) 0.002

CVVHDF % (n) 59.6 (28) 39.3 (24) 0.037
HFNC % (n) 68.1 (32) 65.6 (40) 0.784
CPAP % (n) 55.3 (26) 58.3 (35) 0.755

Mechanical ventilation %
(n) 55.3 (26) 63.3 (38) 0.401

SpO2 at ICU admission
(%) 81 (74–87) 78 (74–88) 0.377

PaO2 at 1 h of ICU
admission (mmHg) (range,

value)
56 (49–62) 54 (47–61.5) 0.511

FiO2 (%) 1.0 (0.9–1.0) 1.0 (0.9–1.0) 0.997
PaCO2 (mmHg) (range,

value) 35.4 (29.0–39.0) 36 (29–42.9) 0.671

APACHE II score 27 (23–35) 27 (23–35) <0.001
SOFA score 2 (1–3) 2 (1–3) <0.001

CKD—chronic kidney disease; COPD—chronic obstructive pulmonary disease; HTN—hypertension; LOS ICU—
length of stay in the intensive care unit; CVVHDF—continuous venovenous hemodiafiltration; HFNC—high-flow
nasal cannula; CPAP—continuous positive airway pressure; SpO2—peripheral capillary oxygen saturation; PaO2—
partial pressure of oxygen in arterial blood; FiO2—fraction of inspired oxygen; PaCO2—partial pressure of carbon
dioxide in arterial blood.

Table 2. Hematological comparison by survival status.

Variables Survivors Non-Survivors p-Value

WBC × 103/mm3 16.03 (11.36, 21.58) 18.36 (11.88, 26.28) 0.203
Neutrophils × 103/mm3 11.77 (1.87, 17.48) 10.25 (3.80, 17.56) 0.463
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Table 2. Cont.

Variables Survivors Non-Survivors p-Value

Lymphocytes × 103/mm3 0.500 (0.106, 1.198) 0.533 (0.123, 1.871) 0.319
C-reactive protein mg/dL 101 (59, 154) 138 (69.5, 207.5) 0.025

Procalcitonin ng/mL 3.2 (0.9, 8.6) 6.8 (3.3, 10.8) 0.006
Fibrinogen g/L 419 (275, 559) 460 (287, 621) 0.381

Serum pH 7.43 (7.35, 7.48) 7.39 (7.29, 7.47) 0.270
Hb g/L 13.5 (11.1, 14.7) 13.0 (11.2, 14.7) 0.901

Lactic acid at ICU admission
mmol/L 2.9 (2.4, 3.6) 4.3 (2.7, 4.8) 0.001

Mean lactate at 6 h mmol/L 2.5 (2.1, 3.1) 3.9 (2.55, 5.0) <0.001
Mean lactate at 24 h mmol/L 2.1 (1.8, 2.5) 4.8 (2.5, 5.85) <0.001

Lactate clearance at 6 h of
ICU admission 0.140 (0.09, 0.250) 0 (−0.090, 0.1350) <0.001

Lactate clearance at 24 h of
ICU admission 0.260 (0.220, 0.360) −0.2000 (−0.2750,

0.1500) <0.001

WBC, white blood cell; Hb, hemoglobin.

3.2. Logistic Regression Analysis

To determine the effect of gender, age, hematological values, and biomarkers related
to survival status, univariate and multivariate logistic regression analyses were performed
and are presented in Table 3.

Table 3. Regression analysis of factors related to survival status.

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Mortality (yes vs. no)

Gender 0.675
(0.304–1.499) 0.334 0.753

(0.270–2.102) 0.588

Age 1.017
(0.990–1.045) 0.229 1.039

(1.000–1.079) 0.051

WBC 1.036
(0.988–1.086) 0.144 1.003

(0.933–1.078) 0.940

CRP 1.005
(1.001–1.010) 0.029 1.006

(1.000–1.012) 0.044

Procalcitonin 1.036
(0.986–1.088) 0.157 0.996

(0.938–1.059) 0.905

Fibrinogen 1.001
(0.999–1.003) 0.346 1.000

(0.996–1.003) 0.790

Lactic acid at
ICU admission

1.587
(1.145–2.201) 0.006

Lactic acid at 6 h
after ICU
admission

1.954
(1.376–2.776) <0.001

Lactic acid at 24
h after ICU
admission

2.440
(1.687–3.528) <0.001

Lactate clearance
at 6 h

0.058
(0.007–0.476) 0.008

Lactate clearance
at 24 h

0.011
(0.002–0.065) <0.001 2.556

(1.731–3.775) <0.001

OR—odds ratio; CI—confidence interval.

Multivariate logistic regression analysis adjusted according to gender, age, and hema-
tological values revealed that patients with increased lactate clearance levels at 24 h af-
ter ICU admission had significantly decreased mortality (OR 2.556, 95% CI 1.731–3.775,
p < 0.001). However, the OR of mortality significantly increased with the CRP value (OR
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1.006, 95% CI 1.000–1.012, p = 0.044). Moreover, the risk of mortality was almost increased
by age (OR 1.039, 95% CI 1.000–1.079, p = 0.051).

In addition, a subgroup analysis was conducted on the factors influencing the mortality
of patients with pulmonary septic shock (lactate parameter at 6 and 24 h after ICU admission
and lactate clearance at 6 and 24 h) who received renal replacement therapy (RRT). The
significant univariate indicators presented in Table 1 were included in the multivariate
logistic regression analysis (Table 4). A survival analysis (Kaplan–Meier) was used to
predict the outcomes strictly related to the evolution of lactate parameters and lactate
clearance at 6 and 24 h correlated with mortality in the two groups (plasmapheresis and
CVVHDF) of septic shock patients. Of the total number of patients (108), only 46 patients
underwent plasmapheresis, and 52 patients needed CVVHDF as an RRT.

Table 4. Multivariate analysis of lactate parameters and lactate clearance at 6 and 24 h for mortality
of patients with pulmonary septic shock who benefited from plasmapheresis and CVVHDF therapy
support.

Variables
RRT

Instituted
No. of
Events

No. of
Patients

Censored Mortality [%] a
Chi-

Square
p-Value

N Percent (95% CI)

Lactate
parameter
at 6 and 24
h after ICU
admission

Plasmapheresis

11.16 0.001
With 18 46 28 60.9% 15.65

(12.25–19.05)
Without 43 62 19 30.6% 4.07 (0.52–7.61)

Overall 61 108 47 43.5% 8.91
(5.52–12.29)

CVVHDF

3.45 0.063
With 24 52 28 53.8% 10.04

(4.16–15.92)

Without 37 56 19 33.9% 7.66
(3.71–11.62)

Overall 61 108 47 43.5% 8.91
(5.52–12.29)

Lactate
clearance at
6 and 24 h

Plasmapheresis

2.14 0.143
With 18 46 28 60.9% 19.70

(17.41–21.98)

Without 43 62 19 30.6% 17.61
(15.44–19.78)

Overall 61 108 47 43.5% 18.50
(16.92–20.08)

CVVHDF

2.97 0.085
With 24 52 28 53.8% 19.5

(17.34–21.66)

Without 37 56 19 33.9% 17.57
(15.28–19.86)

Overall 61 108 47 43.5% 18.50
(16.92–20.08)

a—the mortality is expressed as a mean estimation which is limited to the largest survival time if it is censored.

The results showed that the mortality of the patients admitted to the ICU with septic
shock increases with the increase in the lactate parameters at 6 and 24 h in the group of
patients who received plasmapheresis as a renal support therapy. Statistical significance
was not observed regarding the lactate parameters at 6 and 24 h in the group of patients
who received CVVHDF as a renal support therapy. Therefore, as regards the correlations
between the evolution of the lactate parameters at 6 and 24 h with mortality, the null hy-
pothesis is rejected, meaning that there is no difference in the overall survival distributions
as regards the two CRRT interventions.
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After we performed the statistical analysis to predict the outcomes concerning the
correlation of lactate clearance at 6 and 24 h with mortality, the results showed some
differences in the overall survival distributions for the patients who benefitted from the
two CRRT interventions and the patients who did not but without statistical significance
(p > 0.05).

3.3. Predicting Outcomes with Biomarkers

Table 5 shows the biomarker performance to predict septic shock outcomes based on
the cutoff points. The best-performing predictive values for mortality were related to a
lactate level at ICU admission of 3.25 mmol/L, with a sensitivity of 67.2% and a specificity
of 59.6% (AUC = 0.682, p = 0.001, 95% CI: 0.580–0.785) as well as a value of procalcitonin of
4.75 ng/mL, with a sensitivity of 63.9% and a specificity of 63.8% (AUC = 0.655, p = 0.006,
95% CI: 0.550–0.760), and a value of CRP of 124.5 mg/dL, with a sensitivity of 62.3% and a
specificity of 61.7% (AUC = 0.626, p = 0.025, 95% CI: 0.520–0.733).

Table 5. Comparison of inflammatory biomarkers and lactate parameters in discriminating survival
among septic patients.

AUC SE 95% CI Sensitivity Specificity Cutoff
Points p-Value

WBC 0.572 0.055 0.464–0.679 0.541 0.532 16.705 0.203
CRP 0.626 0.054 0.520–0.733 0.623 0.617 124.5 0.025

Procalcitonin 0.655 0.054 0.550–0.760 0.639 0.638 4.75 0.006
Lactate level at ICU

admission 0.682 0.052 0.580–0.785 0.672 0.596 3.25 0.001

Lactate level at 6 h after
ICU admission 0.711 0.051 0.611–0.811 0.689 0.574 2.75 <0.001

Lactate level at 24 h after
ICU admission 0.797 0.044 0.712–0.883 0.770 0.532 2.15 <0.001

Lactate clearance at 6 h 0.717 0.051 0.618–0.817 0.638 0.721 0.1150 <0.001
Lactate clearance at 24 h 0.816 0.044 0.730–0.902 0.783 0.770 0.2150 <0.001

AUC—area under the curve; SE—Standard Error; 95% CI—95% confidence interval.

Slightly lower values, but still high, were also obtained at 6 h and 24 h after ICU
admission; at 6 h after ICU admission, the ROC curve showed a value of 2.75 mmol/L for
lactate level, with a sensitivity of 68.9% and a specificity of 57.4% (AUC = 0.711, p < 0.001, 95%
CI: 0.611–0.811), and a value of 2.15 mmol/L at 24 h after ICU admission, with a sensitivity of
77% and a specificity of 53.2% (AUC = 0.797, p < 0.001, 95% CI: 0.712–0.883).

The AUC value of the lactate clearance ratio at 6 h was 0.717 (p < 0.001, 95% CI:
0.618–0.817), being slightly higher than that of the lactate level at 6 h. The same statistical
result was obtained as regards the lactate clearance ratio at 24 h (AUC = 0.816, p < 0.001,
95% CI: 0.730–0.902), which was also slightly higher than that of the lactate level at 24 h
after ICU admission.

The ROC curves for the inflammatory biomarkers (WBC, CRP, and procalcitonin), as
well as the lactate parameters (lactate level at ICU admission, after 6 h and 24 h, and lactate
clearance at 6 h and 24 h) used to predict outcomes (mortality in patients with pulmonary
septic shock), are presented in Figure 2.

Table 6 depicts Spearman’s correlations between inflammatory biomarkers, lactate
parameters, and survival status. The values presented in Table 6 display only the statis-
tically significant data to provide an effective presentation of the correlations between
the parameters studied by our group. This approach prevents an excessively detailed
presentation, including parameters such as age, gender, WBCs, CRP, procalcitonin, etc.,
whose p > 0.05 values indicate no significant correlation.
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Figure 2. Receiver operating characteristic (ROC) curve analysis for evaluating the accuracy of
(A) WBCs, (B) C-reactive protein, (C) procalcitonin, (D) lactate level at ICU admission, (E) lactate
level at 6 h after ICU admission, (F) lactate level at 24 h after ICU admission, (G) lactate clearance at
6 h, and (H) lactate clearance at 24 h in predicting mortality among septic patients.
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Table 6. Spearman’s correlations between inflammatory biomarkers, lactate parameters, and survival
status.

Variable Death
Lactate at

ICU
Admission

Median
Lactate at 6 h

Median
Lactate at 24 h

Lactate
Clearance at

6 h

Lactate
Clearance at

24 h
CRP

Death
Spearman’s

rho -

p-value -

Lactate at ICU
admission

Spearman’s
rho 0.314 *** -

p-value <0.001 -

Median
lactate at 6 h

Spearman’s
rho 0.363 *** 0.818 *** -

p-value <0.001 <0.001 -

Median
lactate at 24 h

Spearman’s
rho 0.511 *** 0.756 *** 0.896 *** -

p-value <0.001 <0.001 <0.001 -

Lactate
clearance at 6 h

Spearman’s
rho −0.373 *** - −0.512 *** −0.497 *** -

p-value <0.001 - <0.001 <0.001 -

Lactate
clearance at 24 h

Spearman’s
rho −0.543 *** - −0.462 *** −0.668 *** 0.772 *** -

p-value <0.001 - <0.001 <0.001 <0.001 -

FBG
Spearman’s

rho - - - - - - 0.393 ***

p-value - - - - - - <0.001

***—p < 0.001; FBG—fibrinogen.

The values highlighted in bold represent the strong correlations between the param-
eters in the columns and rows, and the rest of the values are moderate correlations. The
outcomes showed inverse correlations between the lactate clearance at 6 h and 24 h after
ICU admission and mortality (p < 0.001), as well as between the lactate clearance at 6 h
and 24 h and median lactate at 6 h and 24 h (p < 0.001). In addition, the rate of mortality is
directly dependent on the lactate parameter at ICU admission (p < 0.01) and on the median
lactate at 6 h and 24 h (p < 0.001). Moreover, fibrinogen is directly dependent on the CRP
values (p < 0.001).

4. Discussion

Septic shock was defined as sepsis-induced hypotension persisting despite adequate
fluid resuscitation. Based on Sepsis-3, septic shock was clinically defined as sepsis asso-
ciated with persisting hypotension, requiring the use of vasopressors to maintain mean
arterial pressure (MAP) ≥ 65 mmHg, and serum lactate > 2 mmol/L (18 mg/dL), despite
adequate volume resuscitation [27]. Data from recently published trials support this hierar-
chical stratification, with the mortality from sepsis ranging from 10% to 15%, severe sepsis
from 17% to 20%, and septic shock from 43% to 54% [26]. Research studies report that the
long-term outcomes of septic shock are poor, e.g., the 6-month mortality of septic shock
was 45% [28], and critically ill patients with AKI had a higher 1-year mortality [29].

Understanding the impact of lactate and lactic clearance on morbidity rates in patients
undergoing CRRT is essential in critical care management, while CRRT is essential in
managing AKI and associated complications. The prognosis of critically ill patients with
pulmonary septic shock is very poor, and often these patients are subjected to a rather large
economic effort. Therefore, by predicting the outcomes of these patients, clinicians can
make the best decisions related to the well-established protocol for personalized treatment
and modality.

The present study highlights the clinical utility of lactate levels and lactate clearance
as predictive factors of 24 h mortality in critically ill patients with pulmonary septic shock
in need of RRT. The statistical analysis concerning the baseline data and clinical parameters
between the two groups showed that there were no differences between the survivors and
the non-survivors in regard to age, smoking, LOS ICU, SpO2, PaO2, FiO2, PaCO2, and
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treatment measures during the ICU stay (p > 0.05). Among the comorbidities recorded in
the cohort study, HTN was the most common (69 patients from 108), followed by diabetes,
obesity, and neurologic disease. Patients with neurologic disease showed a higher rate of
non-survival (p = 0.006). Comorbidities like cardiovascular, cerebrovascular, and chronic
diseases (pulmonary/kidney) in pulmonary septic shock patients were associated with
high long-term mortality in several studies [30–33]. Regarding pulmonary infections, the
patients infected with COVID-19 present an increased rate of mortality (p = 0.009). Our
findings align with other research studies that discuss the association between pulmonary
infection and short-/long-term mortality [34,35].

In addition, the patients who received CRRT (plasmapheresis or CVVHDF) also had a
lower survival rate (p = 0.002; p = 0.037) as compared to the patients who received both CRRTs.
In our study, patients with pulmonary septic shock were old (between 62 and 83 years), and
their calculated APACHE II scores were quite high; therefore, they were exposed to a higher
rate of renal failure. It was stated that older age can be considered a risk factor for mortality
among septic shock patients [36]. Another score used for the evaluation and prognosis of
sepsis is the SOFA score, which can be determined by assessing the degree of dysfunction of
several organs [37]. When it correlates with high mortality rates, its value is high at admission
and increased in the first 3 days after ICU admission [38]. In this study, the SOFA scores
in both survivor and non-survivor groups were under the optimal point for discrimination
between mortality and survival (SOFA = 5). A SOFA score ≥ 3 is correlated with lower
survival compared with patients scoring 2 points in our study. More possible prognostic
clinical and laboratory factors were analyzed for their influence on mortality (Tables 1 and 2).
Our results suggest that lactate levels at 24 h after CRRT initiation were associated with
mortality. Lactate clearance values of over 0.1 (10%) were independently associated with
lower mortality among the survivor group (OR (95% CI) = 0.140 (0.09–0.250)) at 6 h after
ICU admission and late mortality (OR (95% CI) = 0.260 (0.220–0.360)) after 24 h. Therefore,
the lactate clearance, defined by the mean of lactate cleared over 24 h after the initiation of
CRRT, was independently associated with lower mortality. In septic shock patients, the lactate
clearance over time turned out to be superior to oxygen delivery and consumption [39]. Our
results agree with this statement because lactate clearance values over 0.1 were associated
with survival. In addition, the results are sustained also by the multivariate logistic regression
analysis (Table 3), in which it has been shown that lactate levels at 24 h after the initiation of
CRRT treatment, but not lactate levels at ICU admission, were associated with mortality. The
subgroup analysis which was performed to predict the outcomes related to the lactate levels
and lactate clearance of the patients with septic shock who received CRRT treatment (Table 4)
revealed no differences in the overall survival distributions for both CRRT interventions.
Analysis of the area under the ROC curve (Table 5 and Figure 2) has shown that the lactate
level at 24 h demonstrated better prognostic value than the lactate level at ICU admission.
The cutoff value of the lactate level at ICU admission was 3.25 mmol/L, almost identical to
the critical lactate value in sepsis (3.0 mmol/L) [40]. Over time, under CRRT treatment, the
values of lactate levels decreased. Therefore, our result reinforces the fact that, in sepsis, the
determination of lactate dynamics represents a good predictor for mortality. Once again, this
study confirms that lactate level and lactate clearance could predict the survival outcome in
the case of patients with pulmonary septic shock, in agreement with previous studies [41–43].

Although the APACHE II and SOFA scores were the same in both groups (meaning
that they did not discriminate the prognosis), the evolution of lactate levels and lactate
clearance during CRRT treatment was significantly different between both survivor and
non-survivor patients. This finding is correlated with some studies that have shown that
the failure of metabolic acidosis correction during the CRRT treatment is also a strong
predictor of mortality [44,45]. Future studies should focus on determining the causality
of lactate levels and mortality. Our study is a clinical observational study, so therefore
causality is less convincing than CRRT treatment. Doctors make decisions based on changes
in the patient’s condition; therefore, the relationship between the lactate level and mortality
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is not a simple causal relationship because, after treatment, high lactate levels may decrease,
and in patients with normal lactate levels, doctors may neglect to apply a treatment.

In summary, the predictive ability of lactate levels increased from ICU admission until
24 h; we consider that this was the optimal timing for predicting outcomes. Therefore,
patients with pulmonary septic shock in need of CRRT treatment are independently associ-
ated with higher odds of death and longer duration of hospitalization. Until now, little was
known about risk-stratification biomarkers in the case of septic shock patients who need
CRRT, but our data suggest that lactate could be a plausible predictive factor.

Our study has several limitations. The first limitation is related to the nature of the
study. This study was a single-center observational one; thus, its design will contain a lack
of representativeness. Because of the observational nature, the obtained outcomes are of
association, and causation needs further confirmation. Nonetheless, our study was based
on a significant correlation between lactate clearance and decreased mortality, agreeing with
previous studies on different populations of patients. The second limitation is related to
the diagnosis of septic shock that was established during the first 24 h after ICU admission;
therefore, the patients who developed septic shock after this were not analyzed. The
patients included in our study were older with complications that turned out to be more
serious than at ICU admission; consequently, the obtained outcomes related to mortality
could be overestimated.

5. Conclusions

By elucidating the relationship between lactate dynamics, renal function, and morbid-
ity rates, healthcare providers can better tailor interventions to enhance lactate clearance
and mitigate associated risks. The use of lactate and its clearance as predictors of outcome,
as markers to initiate therapy, and to monitor the adequacy of initiated treatments, using
measurements of lactate parameters at 1–6–24 h and lactate clearance (between 1 and 6 h
and 6 and 24 h) in pulmonary septic shock patients, was described. Lactate levels at 24 h
after initiation of CRRT treatment and lactate clearance were associated with 24 h mortality
in pulmonary septic shock patients who underwent CRRT. Our study confirms once again
the association between the lactate level and mortality rate in patients with pulmonary
septic shock, but further studies are needed to determine the causality between lactate
levels and mortality.
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