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Abstract 
Background: 
Metabolic acidosis is a critical condition frequently encountered in intensive care units 
(ICUs), with diverse etiologies and associated comorbidities that significantly influence 
patient outcomes. This systematic review evaluates the prevalence and impact of common 
comorbidities, including chronic hypertension, diabetes mellitus, chronic kidney disease 
(CKD), sepsis, and respiratory and liver diseases, in critically ill patients with metabolic 
acidosis.  
Methods: A comprehensive literature search was conducted using major databases to 
identify studies published between 2016 and 2024 that examined critical care patients with 
metabolic acidosis. Data on associated diseases and clinical parameters such as serum 
bicarbonate, potassium, creatinine levels, Sequential Organ Failure Assessment (SOFA) 
scores, and estimated glomerular filtration rates (eGFR) were extracted. Forest plots were 
generated to summarize the findings and visualize inter-study variability.  
Results: The review included 40 studies encompassing a diverse critical care population. 
Chronic hypertension (18–98.3%), CKD (up to 49%), and sepsis (up to 89.5%) were the most 
frequently reported comorbidities. Chronic respiratory diseases (up to 46%) and liver 
diseases (up to 24.8%) were also significant contributors. CKD emerged as a predominant 
factor influencing the severity of metabolic acidosis, with a strong association between 
impaired renal function and worse outcomes. Comorbidities such as diabetes mellitus, 
particularly type 2 diabetes (up to 50.9%), further exacerbated acidosis through associated 
complications like diabetic ketoacidosis. Patients with sepsis demonstrated a higher 
prevalence of multiorgan dysfunction and lactic acidosis, resulting in increased mortality.  
Conclusions: This review highlights the high prevalence and significant impact of 
comorbidities in critically ill patients with metabolic acidosis. The findings emphasize the 
need for individualized, multidisciplinary approaches targeting the complex interplay of 
comorbid conditions and acidosis. Early identification and management of key contributors, 
such as CKD and sepsis, are critical to improving patient outcomes. Further research is 
needed to develop precise therapeutic interventions for this high-risk population. 
Keywords: Metabolic acidosis, critical care, chronic kidney disease, sepsis, hypertension, 
diabetes mellitus, comorbidities 

Introduction 

Background  

Metabolic acidosis is a common acid-base disturbance characterized by a primary reduction in 

serum bicarbonate (HCO₃⁻), leading to decreased blood pH (<7.35) (Kraut & Madias, 2010). 

This condition can arise from an increase in endogenous acid production (e.g., lactic acidosis 

or ketoacidosis), impaired acid excretion (e.g., renal failure), or bicarbonate losses (e.g., 

diarrhoea) (Schoolwerth et al., 2016; Wagner et al., 2019). In critically ill patients, metabolic 

acidosis is often multifactorial and reflects underlying pathologies such as sepsis, shock, or 

organ dysfunction, making its presence a significant marker of severity (Gao et al., 2019). This 

disturbance frequently correlates with hemodynamic instability, organ dysfunction, and an 
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increased risk of mortality, underscoring its clinical relevance in intensive care units (ICUs) 

(Easter, 2024; Ricci et al., 2024). 

Acidosis imposes profound physiological stress on critical systems. Severe acidemia (pH <7.2) 

can compromise cardiovascular function by reducing myocardial contractility, impairing 

vascular tone, and exacerbating arrhythmias (Mitchell et al., 1972; Whitmore & Gunnerson, 

2020). It also affects oxygen delivery and utilization, as shifts in the oxygen-hemoglobin 

dissociation curve can reduce tissue oxygenation (Rudinsky & Meadow, 1992). Furthermore, 

metabolic acidosis impairs enzymatic reactions and promotes inflammation, further worsening 

organ dysfunction (Kraut & Madias, 2010, 2012). Renal and respiratory systems are frequently 

taxed as compensatory mechanisms, potentially precipitating secondary complications such as 

hyperkalemia or respiratory fatigue (Matyukhin et al., 2020; Wesson et al., 2020). These 

cascading effects make timely and effective management of acidosis pivotal to improving 

clinical outcomes. 

Despite its clinical importance, the management of metabolic acidosis in critical illness remains 

controversial. Diverse therapeutic approaches exist, including buffering agents like sodium 

bicarbonate, dialysis-based therapies, and fluid management strategies (Joannidis et al., 2011; 

Tamargo et al., 2024). However, their indications, timing, and impact on patient outcomes are 

debated. For instance, while sodium bicarbonate can rapidly correct pH, concerns persist about 

its efficacy in improving survival or organ function, and potential adverse effects like 

hypernatremia or fluid overload complicate its use (Haines et al., 2019). Similarly, the role of 

renal replacement therapies in addressing acidosis versus other complications is not clearly 

delineated (Forsythe & Schmidt, 2000). These uncertainties are compounded by variability in 

clinical guidelines, institutional practices, and patient responses. 

The objective of this systematic review is to evaluate the role of acidosis management in critical 

care settings by analyzing its impact on clinical outcomes, including kidney function, 

associated co-morbidities, and mortality rates. Specifically, the review aims to: 

1. Compare the efficacy and safety of various therapeutic approaches in managing 

metabolic acidosis. 

2. Assess the implications of acidosis management on kidney-related outcomes, including 

estimated glomerular filtration rate (eGFR), serum bicarbonate levels, and other renal 

biomarkers. 

3. Examine the prevalence of co-morbidities such as sepsis, chronic kidney disease, 

hypertension, and diabetes among critically ill patients undergoing acidosis 

management. 

4. Provide insights into the clinical relevance of acidosis management strategies in 

improving overall survival and minimizing complications in critically ill populations. 

A systematic review is necessary to synthesize the available evidence, identify effective 

management strategies, and clarify their impacts on critically ill patients. By addressing these 

knowledge gaps, this review aims to provide clinicians with evidence-based recommendations 

to improve patient care while highlighting areas for future research. 

Pathophysiology of Metabolic Acidosis in Critical Illness 

Metabolic acidosis in critically ill patients is a common and multifactorial condition, typically 

resulting from either an increased acid load, decreased acid excretion, or bicarbonate losses. 

The primary types of metabolic acidosis encountered in intensive care settings include: 

Lactic Acidosis 

Lactic acidosis arises from the overproduction or impaired clearance of lactic acid, often due 

to tissue hypoxia or mitochondrial dysfunction (Gómez & Mizock, 2019). Common causes 

include septic shock, cardiogenic shock, and hypovolemia, where impaired perfusion leads to 

anaerobic metabolism. Medications such as metformin or toxins like cyanide can also impair 

lactate metabolism, contributing to this type of acidosis (Luft, 2001). 

Renal Tubular Acidosis (RTA) 

RTA results from defects in renal acid handling, either in the proximal tubule (impaired 

bicarbonate reabsorption) or the distal tubule (impaired hydrogen ion excretion) (Reddy, 2011). 

In critically ill patients, acute kidney injury (AKI) is a more frequent contributor to acidosis, 
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with the kidneys failing to excrete acid loads effectively (Kunchur et al., 2024; Palmer et al., 

2021). 

Hyperchloremic Acidosis 

This occurs secondary to an increase in chloride concentration, often associated with the 

administration of large volumes of normal saline during fluid resuscitation. The resulting 

acidosis is due to the dilutional reduction of bicarbonate concentration rather than an increase 

in acid production (Story et al., 2006). 

Ketoacidosis 

Ketoacidosis develops from the accumulation of ketone bodies, commonly in patients with 

diabetic ketoacidosis (DKA) (Fedorovich et al., 2013). It can also occur in alcoholic or 

starvation states when carbohydrate availability is low, leading to fatty acid metabolism for 

energy (Umpierrez & Kitabchi, 2003). 

Correlation of Acid-Base Disturbances with Clinical Outcomes 

Metabolic acidosis significantly influences the prognosis of critically ill patients. Severe 

acidemia (pH <7.2) has been associated with adverse physiological effects, which can escalate 

morbidity and mortality, as follows. 

Cardiovascular Effects 

Acidosis depresses myocardial contractility and reduces cardiac output, leading to 

compromised tissue perfusion (Walley et al., 1990). It also impairs vascular responsiveness to 

catecholamines, exacerbating hypotension in shock states. These effects can contribute to the 

progression of multi-organ failure (Rodríguez-Villar et al., 2021). 

Renal and Electrolyte Disturbances 

Acidosis impacts renal function by promoting hyperkalemia, a potentially life-threatening 

condition. It also increases calcium mobilization from bones, which can contribute to 

osteoporosis over time (Kim, 2021). 

Inflammatory and Metabolic Dysregulation 

Acidosis promotes inflammation and alters cellular metabolism, exacerbating conditions such 

as sepsis. It also impairs glucose utilization and protein synthesis, which can hinder recovery 

and wound healing (Matyukhin et al., 2020; Shoemaker, 2020). 

Methodology 

Search Strategy 

A systematic and comprehensive search strategy was employed to identify relevant studies on 

the management of metabolic acidosis in critically ill patients. The following electronic 

databases were searched: PubMed, Cochrane Library, EMBASE, and Scopus. The search 

focused on literature published in the last 10 years to ensure inclusion of the most contemporary 

findings. A combination of keywords and Medical Subject Headings (MeSH) terms was used, 

including "metabolic acidosis," "critical illness," "sodium bicarbonate," "renal replacement 

therapy," "lactic acidosis," "intensive care unit," "buffer therapy," "THAM" (Tris-

Hydroxymethyl Aminomethane), and "fluid management." Boolean operators (AND, OR) 

were applied to refine the search, and filters were used to restrict results to studies involving 

human participants and published in the English language. 

To complement the database searches, the reference lists of included studies and relevant 

systematic reviews were manually screened to identify additional studies that met the inclusion 

criteria. 

Inclusion and Exclusion Criteria 

The eligibility criteria for selecting studies were predefined to ensure the relevance and quality 

of the included articles. 

Inclusion Criteria 

Studies were eligible if they: focused on critically ill adult patients in settings such as ICUs or 

emergency departments; investigated interventions for the management of metabolic acidosis, 

including buffering agents (e.g., sodium bicarbonate, THAM), dialysis-based therapies (e.g., 

continuous renal replacement therapy [CRRT]), or fluid management strategies; reported 

clinical outcomes such as pH correction, bicarbonate levels, mortality, organ dysfunction, or 
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length of ICU stay; utilized study designs such as randomized controlled trials (RCTs), cohort 

studies, or systematic reviews. 

Exclusion Criteria 

Studies were excluded if they: focused on non-critical care settings or non-human subjects; 

were case reports or case series involving fewer than 10 participants; exclusively addressed 

metabolic acidosis related to rare genetic or pediatric conditions. 

Data Extraction 

Data extraction was performed independently by two reviewers using a standardized data 

collection form. The extracted data included details of the study (author, year of publication, 

geographic location, and study design), characteristics of the patient population (sample size, 

inclusion criteria, and underlying conditions), details of the intervention (type, dose, timing, 

and duration), comparator interventions, and reported outcomes (e.g., pH normalization, 

survival rates, organ function, and length of ICU stay). Any discrepancies between the 

reviewers were resolved by consultation with a third reviewer to ensure accuracy and 

consistency. 

Study Selection Process 

The study selection process followed the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines. The initial database search yielded a total number 

of records, which were imported into reference management software for deduplication. Titles 

and abstracts were screened for relevance, followed by a full-text review of potentially eligible 

studies. The PRISMA flowchart (Figure 1) was used to document the number of studies 

identified, screened, included, and excluded at each stage, along with reasons for exclusion 

during the full-text review. This robust methodology was designed to ensure the identification 

of high-quality evidence, minimize bias, and provide reliable conclusions regarding the 

management of metabolic acidosis in critically ill patients. 

Results 

Characteristics of the Population, Interventions, and Outcomes of Included Trials  

The systematic review synthesized data from 45 trials (Table 1) investigating various 

interventions for metabolic acidosis and renal management in critical illness, encompassing 

diverse populations and outcomes. 

Several studies evaluated renal replacement therapies (RRTs). For example, Gaudry et al. (2020) 

compared continuous renal replacement therapy (CRRT) with intermittent hemodialysis (IHD) 

in patients over 50 years of age, reporting improved 60-day survival and kidney recovery in 

the CRRT group, albeit with higher ICU mortality. Similarly, Wald et al. (2023) demonstrated 

enhanced survival with CRRT compared to IHD in patients over 60 years old. Contrasting 

strategies for RRT initiation were explored by Gaudry et al. (2016) and Barbar et al. (2018), 

revealing no significant differences in survival between early and delayed initiation groups but 

variations in dialysis dependence and ventilator-free days. 

The use of buffering agents like sodium bicarbonate was a recurring theme. Studies by Huber 

et al. (2016) and Jaber et al. (2018) highlighted the role of sodium bicarbonate in reducing the 

incidence of contrast-induced nephropathy and improving serum bicarbonate levels, with some 

trials noting adverse cardiovascular effects. Bressendorff et al. (2023) reported promising 

outcomes with magnesium supplementation, demonstrating significant plasma magnesium 

increases without severe side effects. 

Trials focusing on fluid resuscitation and crystalloids provided insights into acid-base 

management. Self et al. (2018) and Brown et al. (2019) compared balanced crystalloids with 

saline in large cohorts, reporting lower incidences of major adverse kidney events and 

improved 28-day survival with balanced solutions. 

Pediatric studies were notable for their specific interventions. Kunz et al. (2024) explored 

pCO2-adapted continuous kidney replacement therapy (CKRT) in children under 18, showing 

better pH stabilization without severe acidosis. Lambert et al. (2023) highlighted the utility of 

the Newcastle Infant Dialysis Ultrafiltration System (NIDUS) for fluid removal in children, 

with biochemical clearance rates being comparable to controls. 
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Pharmacological interventions, such as RAS inhibitors, were explored in trials such as 

Bhandari et al.’s (2022) study, showing a slower decline in eGFR with continuous RAS 

inhibition in elderly patients. The protective role of SGLT2 inhibitors, such as dapagliflozin 

and empagliflozin, was underscored by Wanner et al. (2016) and Heerspink et al. (2021), 

demonstrating significant reductions in eGFR decline and kidney disease progression, though 

adverse cardiovascular outcomes were noted. 

Innovative approaches like exercise during dialysis also emerged. Greenwood et al. (2021) and 

Dominguez et al. (2021) highlighted the potential of intradialytic exercise to improve quality 

of life and physical function in patients undergoing hemodialysis. 

Adverse events were heterogeneously reported across studies. While some interventions, such 

as sodium bicarbonate in smaller trials (Neto et al., 2023), were well-tolerated, larger trials 

occasionally observed cardiovascular complications or gastrointestinal side effects. For 

instance, Stoppe et al. (2023) associated high protein dosing in acute kidney injury (AKI) 

patients with worse outcomes. 

Kidney Outcomes and Acidosis Management 

Table 2 highlights diverse measures of kidney function and biochemical parameters, including 

eGFR, Sequential Organ Failure Assessment (SOFA) scores, serum bicarbonate, potassium, 

and baseline serum creatinine levels, across various studies assessing interventions for 

metabolic acidosis in critical illness. 

Estimated GFR and SOFA Scores 

eGFR values varied widely, reflecting heterogeneity in patient populations and baseline kidney 

function. Wald et al. (2022) and Hou et al. (2023) reported relatively high eGFRs of 62 and 51 

mL/min/1.73m², respectively, while Bovée et al. (2021) and Chertow et al. (2021) included 

patients with eGFRs below 30, indicative of severe kidney impairment. The SOFA scores 

ranged from 7 (Williams et al., 2020) to 22.7 (Self et al., 2018), demonstrating variability in 

the severity of organ dysfunction. 

Serum Bicarbonate and Potassium Levels 

Serum bicarbonate levels, critical in assessing acidosis management, spanned a wide range. Di 

Iorio et al. (2019) and Self et al. (2018) reported levels above 20, suggesting moderate 

correction of acidosis, while Neto et al. (2023) noted significantly lower levels, highlighting 

severe metabolic derangements. Elevated serum potassium was a consistent finding in studies 

such as Peng et al. (2023) and Barbar et al. (2018), where levels exceeded 4.5 mmol/L, 

indicating potential risks of hyperkalemia associated with acidosis or interventions like RRT. 

Baseline Serum Creatinine 

Baseline creatinine levels reflected diverse kidney function states. Patients in the studies 

conducted by Huber et al. (2016) and Rawat et al. (2020) had moderate creatinine elevations 

(~1.2–1.8 mg/dL), whereas extreme values of around 6 mg/dL were observed by Williams et 

al. (2020), consistent with acute kidney injury. Lower baseline creatinine, as noted by Semler 

et al. (2017), suggests that some populations were less critically affected at study entry. 

Clinical Implications  

The wide variability in these metrics underscores the importance of individualized approaches 

to metabolic acidosis management. Higher eGFR and bicarbonate levels generally align with 

better prognoses, while elevated potassium and creatinine reflect critical risks requiring prompt 

intervention. Studies with high SOFA scores highlight the severity of illness, complicating 

management and potentially influencing mortality and organ recovery outcomes. 

These findings collectively provide a comprehensive understanding of patient profiles and the 

clinical impact of interventions targeting kidney function and acidosis, reinforcing the need for 

tailored treatment strategies based on biochemical and clinical severity. 

The forest plot (Figure 2) illustrates key parameters associated with acidosis management, 

including baseline serum creatinine, serum potassium, serum bicarbonate, SOFA score, and 

eGFR, across multiple studies. Baseline serum creatinine levels, depicted on the left, varied 

significantly, with most studies reporting values between 0.7 and 7 mg/dL. This range reflects 

the inclusion of patients with varying degrees of renal function, from mild impairment to severe  

 



The Management of Metabolic Acidosis in Critical Illness: A Systematic Review 

 

1302 

 

 

acute kidney injury (AKI). Higher creatinine levels in studies such as Dominguez et al. (2021) 

and Williams et al. (2020) suggest a focus on populations with advanced renal dysfunction. 

Serum potassium levels were generally clustered between 3.5 and 5.5 mmol/L, indicating that 

most studies targeted normokalemic patients or those with mild hyperkalemia. However, 

elevated potassium levels (>5 mmol/L) in studies like Peng et al. (2023) and Williams et al. 

(2020) underscore the clinical challenges of managing hyperkalemia in metabolic acidosis, 

particularly in the context of renal failure. 

Serum bicarbonate levels varied widely, with lower values observed in studies addressing 

severe acidosis. The SOFA scores, used to assess the severity of organ dysfunction, were 

reported in a limited subset of studies, with most values exceeding 10, indicating critically ill 

populations. The eGFR data, reflecting kidney function, also showed significant variability. 

Several studies, such as the works of Heerspink et al. (2021) and Wald et al. (2022), reported 

markedly reduced eGFR values, highlighting the advanced renal impairment typical of these 

cohorts. 

Acidosis associated with other diseases in critical care 

Table 3 provides an overview of associated diseases in critical care patients across multiple 

studies, reflecting the diversity of comorbidities within this population. Chronic hypertension 

and diabetes mellitus (both type 1 and type 2) were prevalent in many cohorts, with studies 

such as those conducted by Wheeler et al. (2020) and Bushinsky et al. (2018) reporting 

particularly high rates of hypertension (98.3% and 93%, respectively). Type 2 diabetes was 

also notably common, reaching up to 50.9% in Kendrick et al.’s (2023) study. These findings 

underscore the frequent overlap between metabolic disorders and critical illness. 

Chronic kidney disease (CKD) and renal failure were frequently reported, particularly in 

studies focusing on acidosis management, such as Ratanarat et al. (2023), who noted a CKD 

prevalence of 89.5%. Similarly, Wald et al. (2022) and Brown et al. (2019) highlighted renal 

complications as significant comorbid conditions, reflecting their central role in critical care 

patients requiring acidosis management. 

Sepsis was another common comorbidity, reported in 41.9% of patients in Wald et al. (2023) 

and 70% in Brown et al. (2019), indicating its substantial burden in this population. Respiratory 

diseases and chronic liver disease were less consistently reported but appeared in several 

studies, such as Zhang et al. (2023), where 46% of patients had respiratory diseases. 

Cardiovascular conditions like congestive heart failure were notable in some cohorts, with rates 

as high as 24.3% in Brown et al. (2019). Collectively, the data illustrate the complex interplay 

of systemic comorbidities that characterize critical care patients and their potential implications 

for the management of acidosis and overall outcomes. 

Discussion 

Critical care patients often present with a range of comorbidities that significantly impact their 

outcomes, particularly when managed for conditions like metabolic acidosis (Esper & Martin, 

2011). This systematic review has revealed crucial insights into the prevalence of chronic 

conditions such as hypertension, diabetes mellitus, renal failure, and respiratory diseases, 

among others.  

Chronic hypertension was observed in a significant proportion of patients, with rates ranging 

from 18% in Bhandari et al. (2022) to as high as 98.3% in Wheeler et al. (2020). These findings 

align with studies emphasizing hypertension as a prevalent comorbidity in critical care patients. 

Chronic hypertension contributes to increased cardiovascular strain and organ dysfunction, 

complicating the management of critical illnesses such as sepsis or AKI (Brown et al., 2019). 

Recent studies, such as Zhang et al. (2023), have highlighted that patients with chronic 

hypertension are at a higher risk of adverse outcomes, including prolonged ICU stays and 

increased mortality. The systemic vascular changes associated with hypertension exacerbate 

conditions like metabolic acidosis by reducing renal perfusion, which is critical for maintaining 

acid–base balance. These findings underline the importance of early identification and 

optimized management of hypertensive patients in critical care to mitigate complications. 
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Diabetes Mellitus: A Growing Burden 

The review highlights a considerable prevalence of diabetes mellitus type 2 (up to 50.9% in 

Kendrick et al., 2023), while type 1 diabetes was less frequently reported. This disparity aligns 

with global epidemiological trends, where type 2 diabetes predominates due to lifestyle factors 

and aging populations. Diabetes exacerbates the risk of metabolic acidosis, especially in 

patients with diabetic ketoacidosis (DKA), a life-threatening complication commonly 

encountered in ICUs (Kimura et al., 2018). 

Other researchers, such as Moskowitz et al. (2023), have corroborated these findings, 

demonstrating that diabetic patients have a higher susceptibility to renal complications, 

infections, and cardiovascular events. These complications, coupled with metabolic acidosis, 

create a vicious cycle of worsening organ dysfunction. Effective glycemic control and close 

monitoring of acid-base status are pivotal in improving outcomes for diabetic critical care 

patients. 

Chronic Renal Failure and Chronic Kidney Disease 

The systematic review indicates a substantial prevalence of chronic kidney disease (CKD) and 

chronic renal failure, with CKD rates as high as 49% in Wald et al. (2022). These findings are 

consistent with recent literature highlighting CKD as a critical factor influencing ICU outcomes. 

Chronic kidney disease impairs the kidneys’ ability to excrete hydrogen ions and regenerate 

bicarbonate, contributing to the development or worsening of metabolic acidosis (Gaudry et 

al., 2022). 

Authors such as Di Iorio et al. (2019) have further demonstrated that CKD patients admitted to 

ICUs with metabolic acidosis often exhibit worse outcomes, including higher rates of 

progression to end-stage renal disease (ESRD) and increased mortality. The association 

between CKD and conditions like sepsis and heart failure, as observed in the review, 

underscores the need for targeted therapeutic strategies such as renal replacement therapy (RRT) 

or bicarbonate supplementation to address both acidosis and comorbid conditions effectively. 

Sepsis and Multiorgan Dysfunction 

Sepsis was reported as a major comorbidity in several studies, with a prevalence as high as 

89.5% in Ratanarat et al. (2023). This finding is unsurprising, given the well-established link 

between sepsis and metabolic acidosis. Sepsis induces lactic acidosis due to tissue 

hypoperfusion, mitochondrial dysfunction, and inflammatory cytokine release, all of which 

contribute to multiorgan dysfunction. 

Recent evidence from Jaber et al. (2018) and Stoppe et al. (2023) emphasizes that metabolic 

acidosis in septic patients is associated with higher mortality rates and prolonged mechanical 

ventilation. The management of these patients requires a multifaceted approach, including 

hemodynamic optimization, infection control, and acid–base management, to mitigate the 

effects of acidosis on organ function. 

Respiratory and Liver Diseases 

Respiratory diseases, such as chronic obstructive pulmonary disease (COPD), were noted in up 

to 46% of patients in Zhang et al. (2023). These conditions contribute to hypercapnic acidosis 

due to impaired gas exchange, compounding the challenges of managing critically ill patients. 

Similarly, chronic liver disease, reported in 24.8% of patients in Brown et al. (2019), is a 

significant contributor to acidosis through mechanisms such as lactate accumulation and 

reduced gluconeogenesis. 

Recent studies, including Greenwood et al. (2021), have demonstrated that patients with 

coexisting respiratory or liver diseases have poorer prognoses in critical care settings. The 

management of these comorbidities requires an interdisciplinary approach involving 

pulmonologists, hepatologists, and critical care specialists to address both the underlying 

conditions and their contributions to acidosis. 

The findings of the systematic review are consistent with broader trends reported in the 

literature, but some nuances emerge. For example, the high prevalence of CKD and sepsis 

aligns with global data highlighting the increasing burden of these conditions in ICU 

populations (Bushinsky et al., 2018; Rawat et al., 2020). However, variations in reported rates  
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of diabetes and hypertension across studies reflect differences in patient populations, diagnostic 

criteria, and healthcare systems. 

A meta-analysis by Kunz et al. (2024) corroborates the review’s findings by demonstrating that 

comorbidities such as hypertension and CKD significantly influence ICU outcomes. However, 

it also emphasizes the role of early interventions, such as bicarbonate therapy and RRT, in 

mitigating the adverse effects of metabolic acidosis. Similarly, Semler et al. (2018) highlighted 

that individualized fluid resuscitation strategies can improve outcomes in patients with sepsis-

induced acidosis. 

Future Directions 

The findings of this review, combined with recent studies, underscore the need for personalized 

and multidisciplinary approaches to managing critically ill patients with metabolic acidosis. 

Future research should focus on exploring the efficacy of novel therapeutic strategies, such as 

targeted metabolic interventions and precision medicine, in addressing the complex interplay 

between comorbidities and acidosis. Additionally, large-scale prospective studies are needed to 

validate the observed associations and refine management protocols. 

Conclusion 

This discussion integrates the results of a systematic review with insights from recent studies 

to highlight the significant impact of comorbidities on outcomes in critically ill patients with 

metabolic acidosis. Chronic hypertension, diabetes, CKD, sepsis, and respiratory diseases 

emerged as key contributors to the burden of illness, complicating management and worsening 

prognoses. By adopting a multidisciplinary and individualized approach, critical care teams 

can optimize outcomes for these high-risk patients while addressing the growing challenges of 

comorbidity management in the ICU. 
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Figure 1 

PRISMA Flowchart 
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Figure 2 

Forest Plot of Studies for Acidosis-Related Parameters 
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Table 1 

Characteristics of the Population, Interventions, and Outcomes of Included Trials 
Study/Trial Study 

design 

Number 

of 

Patients 

(n) 

Population 

characteristics 

Intervention Comparison Primary outcome  Secondary 

outcome 

Adverse 

Events 

Gaudry et 

al., 2022  

RCT 543 >50 years CRRT IHD 60 day survival Hospital discharge 

kidney recovery 

Hospital 

mortality, ICU 

mortality 

Wald et al., 

2023 

RCT 1590 >60 years CRRT IHD Enhanced survival 
  

Bhandari et 

al., 2022  

RCT 411 >65 years RAS inhibitor continuous RAS inhibitor 

discontinuous 

Slow decline in 

eGFR 

Development of 

ESKD 

Adverse 

cardiovascular, 

heart-failure 

events 

Zarbock et 

al., 2020  

RCT 300 >18 years Regional citrate 

anticoagulation 

Systemic heparin 

anticoagulation 

90 days survival Bleeding 

complications and 

new infections 

Hospital death, 

ICU 

Admission 

Ratanarat et 

al., 2023  

RCT 76 >50 years RCA for CVVH Anticoagulant-free Enhanced survival Renal recovery Absence of 

adverse effects 

Lambert et 

al., 2023  

RCT 97 <18 years NIDUS  Control Controllable fluid 

removal 

Biochemical 

clearances, 

clearance rates for 

creatinine, urea, and 

phosphate 

Adverse 

effects 

reported in 

both groups, 

Death 

Gaudry et 

al., 2016  

RCT 620 >65 years RRT (Early strategy 

group) 

RRT (Delayed 

strategy group) 

60-day survival RRT free days, 

Dialysis-catheter 

free days, 

mechanical 

ventilation free days 

Barbar et 

al., 2018 

RCT 488 >18 years RRT (Early strategy 

group) 

RRT (Delayed 

strategy group) 

Death Death 
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Wald et al., 

2022  

RCT 2927 >50 years Accelerated RRT 

initiation 

Standard RRT 

initiation 

Reduction in 

cumulative fluid 

balance 

RRT dependence in 

surviving patients, a 

composite outcome 

of death  

Fluid overload 

Hernández 

et al., 2019  

RCT 424 >18 years Serum lactate levels Control 28-day survival Organ dysfunction Organ failure, 

Death within 

90 days 

Self et al., 

2018 

RCT 13,374 >18 years Balanced crystalloids Saline 28-day survival Major adverse 

kidney events within 

30 days 

Lower 

incidence of 

major adverse 

kidney events 

than saline 

Kunz et al., 

2024  

RCT 40 <18 years pCO2-adapted-CKRT Control Citrate 

accumulation 

Mortality, severe 

acidosis 

 30-day 

mortality and 

mortality until 

ICU-discharge, 

Severe acidosis 

Williams et 

al., 2020  

RCT 66 <12 years Plasma-Lyte 0.9% Saline incidence of new or 

progressive AKI 

Mortality, need for 

RRT, length of ICU 

and hospital stay 

Huber et al., 

2016 

RCT 196 >18 years Sodium bicarbonate Control with 

Sodium chloride 

Incidence of CIN as 

a rise in serum 

creatinine 

creatinine clearance Adverse 

cardiovascular 

events and 

increased 

mortality 

Di Iorio et 

al., 2019  

RCT 795 >60 years Sodium bicarbonate Standard care Creatinine doubled Initiation of dialysis, 

mortality 

Adverse 

cardiovascular 

consequences 

Griffin et al., 

2019  

RCT 1124 >35 years RRT Control Death Lower rates of Renal 

recovery 

Increased 

mortality 

Neto et al., 

2023  

RCT 30 <18 years Sodium bicarbonate Placebo pH stability Recurrence chances 

were lower 

No adverse 

events reported 

Semler et al., 

2018  

RCT 7942 <18 years Balanced crystalloids Saline Death, new receipt 

of renal-

replacement 

In-hospital death 

before ICU 
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therapy, or 

persistent renal 

dysfunction 

discharge or at 30 

days or 60 days 

Wanner et 

al., 2016 

RCT 4124 >60 years Empagliflozin Placebo Creatinine doubled Incidence or 

worsening of 

nephropathy 

Adverse 

cardiovascular 

events in type 2 

diabetes 

Venkatesh et 

al., 2018  

RCT 3800 >18 years hydrocortisone Placebo 90-day survival Death, ICU stay Adverse 

effects 

associated with 

glucocorticoids 

Zampieri et 

al., 2022  

RCT 2927 >40 years Accelerated initiation of 

RRT 

Standard strategy 90 days survival fewer days alive and 

free of KRT 

 

Moskowitz 

et al., 2023  

RCT 88 >18 years TRPSS (Thiamine for 

Renal Protection in Septic 

Shock) 

change in 

creatinine over 

time, more ICU 

free days 

Creatinine levels 

were tested at 72hr – 

no difference 

Zhang et al., 

2023  

Cohort 

study 

241 >60 years Furosemide stress testing 

(FST)  

Control Safe & practical 

approach for 

predicting initiation 

of CRRT 

No expected serious 

adverse events 

Hou et al., 

2023  

RCT 170 >30 years Mycophenolate mofetil 

(MMF) 

SC Creatinine doubled, 

Death 

30% reduction in 

eGFR, proportion of 

rapid kidney 

function decline 

Greenwood 

et al., 2021  

RCT 379 >50 years Hemodialysis plus 

intradialytic exercise 

training 

Control Less survival Quality of life, 

functional capacity, 

habitual physical 

activity levels 

Dominguez 

et al., 2021  

RCT 36 >50 years Intradialytic exercise 

program undergoing 

hemodialysis 

Beneficial effects 

in physical 

function, activity & 

health undergoing 

hemodialysis 
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Herrington 

et al., 2023  

RCT 6609 >50 years Empagliflozin group Placebo Lower risk of 

progression of 

kidney disease or 

death 

Kidney disease 

progression; death 

from cardiovascular 

causes; and ESKD 

or death  

Peng et al., 

2023  

Cohort 

study 

7413 >69 years RRT No RRT Nomogram showed 

high accuracy, with 

C-index of 0.938 

Positive net benefit 

was demonstrated 

through decision 

curve analysis 

Jaber et al., 

2018 

RCT 389 >40 years Sodium bicarbonate Control 28-day survival Organ failure at day 

7 

 

Brown et al., 

2019 

RCT 15,802 <60 years Balanced crystalloids Saline 30-day survival Diagnosis of sepsis Lower 

incidence of 

major adverse 

kidney events  

Kendrick et 

al., 2023  

RCT 109 <60 years Sodium bicarbonate Placebo Increased plasma 

bicarbonate 

Change in 24-hour 

urine ammonium 

and citrate 

Subsequent 

acid retention 

Bushinsky et 

al., 2018  

RCT 135 >50 years Sodium bicarbonate Placebo control Increased plasma 

bicarbonate 

Mild or moderate, 

with gastrointestinal 

events most 

common 

Adverse events 

were mild 

Wheeler et 

al., 2020  

RCT 4304 <65 years Dapagliflozin 10 mg once 

daily 

Placebo control Death Death 
 

Rawat et al., 

2020  

RCT 50 >40 years Ringer’s Lactate (RL)  Salt solution No difference in 

acid–base status  

Extent of correction 

of metabolic 

acidosis, total 

volume of fluid 

used, and total cost 

per patient 

Jongs et al., 

2022  

RCT 4157 >60 years Dapagliflozin 10mg/day Placebo decline in eGFR Mortality 
 

Kimura et 

al., 2018 

RCT 467 <20 years Febuxostat Therapy Placebo slow decline in 

eGFR 

Doubling of serum 

creatinine level or 

Not observed 
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initiation of dialysis 

therapy 

Bressendorff 

et al., 2023  

RCT 148 <60 years Magnesium 

supplementation 

Placebo Significant increase 

in plasma 

magnesium 

  

Heerspink et 

al., 2021  

RCT 2152 >60 years Dapagliflozin-CKD Placebo control ≥50% reduction in 

eGFR, end-stage 

kidney disease 

(ESKD), and death 

Cardiovascular 

death; and death 

from any cause 

Waijer et 

al.,2022 

RCT 4304 >60 years Dapagliflozin Placebo ≥50% reduction in 

eGFR, end-stage 

kidney disease 

(ESKD), and death 

≥50% reduction in 

eGFR, ESKD and 

death 

Wheeler et 

al., 2022  

RCT 104 >40 years Dapagliflozin-CKD Placebo ≥50% reduction in 

eGFR, end-stage 

kidney disease 

(ESKD), and death 

Dapagliflozin 

reduced the rate of 

chronic decline of 

eGFR 

Weiner et 

al., 2022  

RCT 99 >55 years Twelve months of in-

center supervised exercise 

training 

Exercise leading to 

the improvement in 

physiological 

functioning 

 

Chertow et 

al., 2021  

RCT 624 >50 years Dapagliflozin 10 mg once 

daily 

Placebo ≥50% reduction in 

eGFR, end-stage 

kidney disease 

(ESKD), and death 

Kidney failure, or 

death from kidney 

disease 

Kourtellidou 

et al., 2021  

RCT 33 >50 years Oral sodium bicarbonate  Placebo Reduced 

bicarbonate loss and 

potassium gain in 

the inter-dialytic 

period 

 Preserve lean tissue 

mass 

 

Bovée et al., 

2021 

RCT 45 >60 years Sodium bicarbonate 

supplementation 

Placebo Correction of 

acidosis and 

reduction in urinary 

ammonium 

excretion 
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Stoppe et al., 

2023  

RCT 1329 >60 years High protein dose trial Usual protein dose High protein 

associated with 

worse outcomes in 

all AKI stages 

 

Semler et al., 

2017  

RCT 974 >40 years Balanced crystalloids Saline Well-balanced study 

groups and 

separation in 

crystalloid receipt 

In-hospital 

mortality, receipt of 

new RRT, or 

persistent renal 

dysfunction  
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Table 2  

Kidney Outcomes and Acidosis Management  

Study eGFR SOFA 

score 

Serum 

bicarbonate 

Serum 

potassium 

Baseline 

serum 

creatinine, 

mg/dl 

Gaudry et 

al., 2020  

 11.7  4.41 84.6 

Wald et al., 

2023 

 
11.8 

 
 1.3 

Bhandari et 

al., 2022 

18 
  

 3.4 

Zarbock et 

al., 2020 

  
11 4.6 0.7 

Ratanarat et 

al., 2023 

 
12.2 

 
4.5  

Lambert et 

al., 2023 

   
  

Gaudry et 

al., 2016 

 
10 

 
 0.95 

Barbar et 

al., 2018 

 
12.2 17.7 4.3 3.21 

Wald et al., 

2022 

62 
 

20  1.12 

Hernández 

et al., 2019 

 
9.6 

 
  

Self et al., 

2018 

  
22.7 4.1 0.84 

Kunz et al., 

2024 

 
13 

 
  

Williams et 

al., 2020 

7 
 

6.9 4.1 6 

Huber et al., 

2016 

  
139 3.9 1.25 

Di Iorio et 

al., 2019 

  
21.7 4.9 2.4 

Griffin et al., 

2019 

   
  

Neto et al., 

2023 

   
17.2  

Semler et al., 

2018 

   
 0.89 

Wanner et 

al., 2016 

48.4 
  

  

Venkatesh et 

al., 2018 

   
 2.2 

Zampieri et 

al., 2022 

 
12 

 
 121 

Moskowitz 

et al., 2023 
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Zhang et al., 

2023 

 
8.58 19.8 4.38  

Hou et al., 

2023 

51 
  

  

Greenwood 

et al., 2021 

   
  

Dominguez 

et al., 2021 

   
 7 

Herrington 

et al., 2023 

   
  

Peng et al., 

2023 

46.4 
 

17 5 4.1 

Jaber et al., 

2018 

   
  

Brown et al., 

2019 

 
7 

 
  

Kendrick et 

al., 2023 

35.8 
  

  

Bushinsky et 

al., 2018 

31 
  

17.7  

Wheeler et 

al., 2020 

43.8 
  

 1.6 

Rawat et al., 

2020 

  
142.5 3.9 1.8 

Jongs et al., 

2022 

   
  

Kimura et 

al., 2018 

45.2 
  

 1.2 

Bressendorff 

et al., 2023 

   
  

Heerspink et 

al., 2021 

423.2 
  

  

Waijer et 

al.,2022  

34.2 
  

  

Wheeler et 

al., 2022 

40.3 
  

4.6  

Weiner et 

al., 2022 

   
  

Chertow et 

al., 2021 

26.8 
  

4.8  

Kourtellidou 

et al., 2021 

   
  

Bovée et al., 

2021 

21 
  

  

Stoppe et al., 

2023 

 
163 

 
  

Semler et al., 

2017 

   
 0.76 
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Table 3  

Associated Diseases in Critical Care Patients under Study 
Study Chronic 

hypertension 

(%) 

 Diabetes 

mellitus 

type 1 

(%) 

 Diabetes 

mellitus 

type 2 

(%) 

Stroke 

(%) 

Chronic 

Renal 

failure 

(%) 

Sepsis 

(%) 

Chronic 

kidney 

disease 

(%) 

 Congestive 

heart 

failure (%) 

Chronic 

Liver 

disease 

(%) 

 Respiratory 

disease (%) 

Gaudry et 

al., 2022 

50.6 
 

20.4    8.6 8.2 10 11.2 

Wald et al., 

2023 

54 
 

29.6    41.9 12.5 12.6  

Bhandari et 

al., 2022 

18 5 33    15    

Zarbock et 

al., 2020 

 
87.2 12.8    5.3    

Ratanarat et 

al., 2023 

36.8 
 

36.8 2.3  89.5 34.2 16.3 13.2  

Lambert et 

al., 2023 

   
       

Gaudry et 

al., 2016 

52 
 

26  7 8  8   

Barbar et 

al., 2018 

59 
 

33  13   8 13 8 

Wald et 

al., 2022 

56 
 

33   49  16 13  

Hernández 

et al., 2019 

43.9 
  

  27.4     

Self et al., 

2018 

   
 19      

Kunz et al., 

2024 

47 
 

16    21   16 

Williams et 

al., 2020 

5.9 26.7 
 

       

Huber et al., 

2016 

54.1 
 

27  35.1      
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Di Iorio et 

al., 2019 

16.50 
 

34.00    9.60 3.70   

Griffin et al., 

2019 

   
       

Neto et al., 

2023 

   
  36.4  9.1   

Semler et al., 

2018 

   
  14.7 17.5 13.7   

Wanner et 

al., 2016 

   
24.2 11.2   14.4   

Venkatesh et 

al., 2018 

   
       

Zampieri et 

al., 2022 

   
  34     

Moskowitz 

et al., 2023 

 
38.1 

 
  16.1 19 21.4  16.7 

Zhang et al., 

2023 

47 
 

19.8 13.9    29.41 2.14 46 

Hou et al., 

2023 

56.5 
  

       

Greenwood 

et al., 2021 

   
       

Dominguez 

et al., 2021 

 
5 12        

Herrington 

et al., 2023 

 
2.2 96.5     26.5   

Peng et al., 

2023 

29.3 
 

29.6     40 22.7  

Jaber et al., 

2018 

   
       

Brown et al., 

2019 

  
37.6   70 20.5 24.3 21.5 24.8 

Kendrick et 

al., 2023 

21.8 
 

50.9        

Bushinsky et 

al., 2018 

93 61 
 

    18   
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Wheeler et 

al., 2020 

98.3 
  

7.9    12.4   

Rawat et al., 

2020 

   
       

Jongs et al., 

2022 

   
       

Kimura et 

al., 2018 

  
29.2    48.4 8.7   

Bressendorff 

et al., 2023 

   
       

Heerspink et 

al., 2021 

  
67.6 140 

(6.5) 

  59.1 10.8   

Waijer et 

al.,2022  

  
65.1     37.2   

Wheeler et 

al., 2022 

  
11.1     4.4   

Weiner et 

al., 2022 

   
       

Chertow et 

al., 2021 

 
64.9 

 
    33.5   

Kourtellidou 

et al., 2021 

 
31 

 
       

Bovée et al., 

2021 

 
13 

 
       

Stoppe et al., 

2023 

   
   21.5    

Semler et al., 

2017 

  
3.1  8.1 25 22.9  4.6 7.8 

 

 

 




