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Abstract: Despite medical advances, sepsis and septic shock remain one of the leading causes of mortality 

worldwide, with a high inter-individual variability in prognosis, clinical manifestations and response to 

treatment. Given the heterogeneity of sepsis and recent technological progress amongst machine learning 

analysis technique, a new, personalized approach in sepsis is being intensively studied. Despite the difficulties 

when tailoring a targeted approach, with the use of artificial intelligence-based pattern recognition, more and 

more publications are becoming available, highlighting novel factors that may intervene in the high 

heterogenicity of sepsis. This has led to the devise of a phenotypical approach in sepsis, further dividing 

patients based on host and trigger-related factors, clinical manifestations and progression towards organ 

deficiencies, dynamic prognosis algorithms and patient trajectory in the Intensive Care Unit (ICU). Host and 

trigger-related factors refer to patients’ comorbidities, body-mass index, age, temperature, immune response, 

type of bacteria and infection site. The progression to organ deficiencies refers to individual particularities of 

sepsis-related multiorgan failure. Finally, the patient’s trajectory in the ICU points out the need of a better 

understanding of interindividual response to various supportive therapies. This review aims to identify the 

main sources of variability in clustering septic patients in various clinical phenotypes, as a useful clinical tool 

for precision-based approach in sepsis and septic shock. 

Keywords: sepsis; septic shock; omics; phenotype; precision medicine; multiorgan disfunction; personalized 

therapy 

 

  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2197.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202409.2197.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

1. Introduction 

Sepsis is defined as a life-threatening organ dysfunction caused by a dysregulated host response 

to infection, which in particularly severe cases can lead to multiple organ insufficiencies, and septic 

shock, leading to a higher mortality that sepsis alone. According to the third international consensus 

on sepsis and septic shock (Sepsis-3), sepsis is to be suspected in patients with an infection and 

confirmed by a Sequential Organ Failure Assessment (SOFA) score ≥ 2. Septic shock is defined as a 

need to introduce vasopressor therapy to maintain a patient’s mean arterial pressure (MAP)≥ 65 

mmHg, along with a serum lactate level ≥ 2 mmol/L [1].  

The vast heterogeneity of interindividual clinical and paraclinical expressions, along with the 

globally increasing incidence and high mortality rates, in both high and low-income countries, has 

deemed this pathology a matter of world health, and has furthermore prompted the medical 

community to extensively research the underlying mechanisms causing this heterogeneity. 

Therefore, given the recent technological advances, the medical community has begun 

researching part of those mechanisms at both a micro-scale, leading to the study of “Omics”, such as 

genomics, epigenomics, cytomics, proteomics, metabolomics and transcriptomics, and at a macro-

scale, using various proprietary algorithms and machine learning-based analysis, leading to complex 

classifications of septic phenotypes [2] (Figure 1). 

 

Figure 1. The main molecular determinants in sepsis phenotyping. 

Despite intensive research on a molecular and genetic scale, the current interest lays in refining 

clinical practices, as due to the high inter-patient variability in both prognosis and pathophysiology, 

and furthermore in response to therapeutic approaches, a personalized approach is regarded as a 

possible solution to improving patient outcomes. 

The main objective of this review is to provide a comprehensive overview of previously 

described septic phenotypes, based on 4 perspectives: patient-related factors, trigger-related factors, 

clinical manifestations and ICU trajectory, and response to various therapeutic strategies, with impact 

on mortality rate (Figure 2).  
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Figure 2. The clinical phenotyping impact on the mortality variability in sepsis. 

2. Patient Specific Causes of Heterogeneity  

2.1. Comorbidities 

Given the high heterogeneity in sepsis, various studies relate the individual patient factors and 

comorbidities and the variability of clinical outcomes and response to various therapeutic strategies 

[3]. 

As of 2019, along with Seymour’s publication, which demonstrated that the mortality rates of 

older patients with renal dysfunction and those of patients with severe liver dysfunction and 

coagulopathy were significantly different, Ding et al. (2021) identified three distinct phenotypes, 

emphasizing the impact of chronic conditions such as diabetes, hypertension, and COPD on mortality 

rates [4],[5].  

Similarly, in the same year, an extensive paper was published, evaluating post-discharge 

outcomes, showing that comorbidities such as chronic kidney disease, cardiovascular disease, and 

liver dysfunction significantly influenced readmission and mortality rates among previous sepsis 

survivors [6]. A subsequent study reinforced these findings by identifying coagulation phenotypes 

with distinct clinical outcomes, determining that liver dysfunction and disseminated intravascular 

coagulation were closely associated with severe coagulation abnormalities [7]. Cumulatively, these 

studies highlight the impact of patient comorbidities on survival, recovery and rehabilitation rates, 

along with the role they might play in the progression towards certain pathophysiological 

trajectories. 

2.2. Age, Temperature and Immune Response Relationship 

The relationship between age, temperature, comorbidities, and immune response in septic 

patients was highlighted, emphasizing the correlation between these individual variables [8],[9]. 

According to Honore et al., elderly patients often exhibit a blunted febrile response because of 

reduced production of pyrogenic cytokines such as IL-6 and TNF-α. The reasoning behind it lies both 

in reduced muscle mass, and therefore decreased heat production, and in the higher incidence of 

comorbidities such as stroke, which may render thermoregulatory and inflammatory responses 

impaired [8]. Conversely, the younger, septic patients with hypothermia, defined as a body 

temperature < 36.0°C, had significantly increased 90-day mortality rates compared to normothermic 

or feverish patients. Paradoxically, in the elder population, hypothermia was not associated with 

elevated mortality, which suggests different inflammatory response as opposed to their younger 

counterparts. Subsequently, it is suggested that the thermoregulatory mechanisms and immune 

status plays a significantly more important role in determining outcomes in younger patients [10].  
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The study of Shimazui et al. further clarifies the importance of the age-temperature-immune 

response [9]. Firstly, using multiple cohort validation, the study found that non-elderly septic 

patients (age < 75 years) with hypothermia had significantly increased 90-day mortality rates, in 

accordance with previous literature [11,12]. However, it has been also noted that in the context of 

fever, mortality was decreased in the non-elderly category, but with no significant impact in older 

patients. The study also noted that comorbidities such as stroke, in which thermoregulation and 

inflammatory responses might be impaired, were more prevalent in the elderly group. 

Both studies underscore the critical role of age in modulating the relationship between 

temperature, immune response, and mortality in septic patients, which has prompted the hypothesis 

and furthermore, the development of studies on the topic of induced hyperthermia in sepsis. 

2.3. Body-Mass Index 

The relationship between body mass index (BMI), obesity, and sepsis phenotypes has been a 

significant point of focus for recent research, particularly correlating these factors to mortality rates 

and clinical outcomes [13,14]. 

Seymour et al. (2019) confirmed a correlation between BMI and sepsis phenotypes. This study 

identifies four clinical sepsis phenotypes (α, β, γ, δ) based on demographics, laboratory values, and 

organ dysfunction patterns, with specific comorbidities associated with each phenotype. The δ 

phenotype, associated with the highest mortality rates, was notably linked to elevated BMI levels. 

This study found that higher BMI was a significant factor in determining the severity and outcomes 

of sepsis. The findings from Seymour et al. suggest that patients with higher BMI may experience 

worse clinical outcomes due to the complex interplay between adiposity, inflammation, and immune 

response [4]. Conversely, the “obesity paradox” in sepsis, observed in several studies, adds another 

layer of complexity to the relationship between BMI and sepsis patient’s outcomes [10]. This paradox 

advocates that higher BMI may be associated with lower mortality in critically ill patients, potentially 

due to the protective role of adipose tissue in supporting immunologic functions and thermogenesis 

[14]. Adipose tissue may provide a metabolic reserve that helps sustain the body’s immune response 

during the acute phase of sepsis. Furthermore, low BMI is associated with increased mortality, likely 

due to weaker immunity and lower thermogenic capacity, which can impair the body’s ability to 

mount an effective response to infection [10], [15]. Thus, a nuanced understanding of how BMI and 

adiposity influence sepsis outcomes may be an important factor to consider in clinical decision-

making. 

Ito et al. provided valuable insight into the interaction between body temperature, BMI, and 

mortality in septic patients. The study demonstrated that hypothermia was associated with higher 

in-hospital mortality only in patients within the normal BMI range, suggesting that the normal BMI 

group is particularly vulnerable to the adverse effects of hypothermia, emphasizing the need for 

careful monitoring and management of body temperature in this subpopulation. The significant 

association between hypothermia and mortality in the normal BMI group highlights the critical role 

of BMI, thus, considering the BMI in regard to phenotypic classifications of sepsis might aid in better 

prediction of patient outcomes and guide treatment strategies accordingly [10]. 

3. Trigger-Related Causes of Heterogeneity  

3.1. Infection Site 

The influence of the site of infection in sepsis phenotyping is a crucial aspect of sepsis research, 

carrying significant implications for patient management and treatment outcomes. Various studies 

highlight the significant impact of pulmonary infections on the mortality and long-term outcomes of 

sepsis patients [16], [17], [18]. 

According to Jeganathan et al., the pulmonary infections had the highest mortality rate (28%) 

among various infection sites, with abdominal infections presenting an intermediate mortality rate 

(15%) and genitourinary infections the lowest (7%) [19]. Contrary, Stortz et al. conducted a 

prospective longitudinal study exploring phenotypic heterogeneity by the site of infection in surgical 
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sepsis. The study revealed that patients with abdominal infections had higher rates of organ 

dysfunction and mortality compared to those with infections at other sites. Specifically, abdominal 

infections were associated with a 28-day mortality rate of 30.65%, significantly higher than other 

infection sites [16].  

Chen et al.‘s extensive study in 2020, which spanned 11 years and included a cohort of 1,259,578 

sepsis patients, revealed that lower respiratory tract infections were the most prevalent causes of 

sepsis and were associated with the highest mortality rates. This large-scale analysis underscores the 

critical burden that pulmonary infections impose on sepsis outcomes, emphasizing the need for 

targeted interventions to manage and mitigate these infections effectively. 

In 2021, He et al. conducted a study involving 483 sepsis patients, providing a detailed 

breakdown of infection sites. They found that lung infections accounted for 56.3% of cases, abdominal 

infections for 37.3%, and infections at other sites for 6.4%. Importantly, this study identified 

pulmonary infections as independent risk factors for both mortality and poor quality of life one year 

after sepsis. This finding highlights the long-term detrimental effects of pulmonary infections on 

sepsis survivors, further emphasizing the importance of early and effective management of these 

infections to improve long-term outcomes [18]. 

A study by Chou et al. analyzed hospitalization data of 7,860,687 adult sepsis patients, 

categorizing infection sites into various systems such as urinary and reproductive, lower respiratory 

tract, circulatory, skin, abdomen, catheter, musculoskeletal, biliary tract, and others. The study 

revealed that the top three highest mortality rates were associated with abdominal infections 

(30.65%), lower respiratory tract infections (27.70%), and biliary tract infections (25.48%). These 

findings underscore the critical role of the infection site in determining sepsis outcomes and highlight 

the need for specific management strategies for high-risk infection sites [20].  

Papin et al. retrospectively analyzed 6,046 ICU-admitted sepsis patients and identified six 

phenotypic clusters with distinct characteristics and outcomes. For instance, Phenotype 1 and 2 

included young patients without comorbidities admitted for community-acquired pneumonia or 

meningitis/encephalitis, respectively. In contrast, Phenotype 3 and 4 comprised older adults with 

chronic obstructive pulmonary disease, bronchial infection, and varying degrees of organ failures 

and comorbidities. Phenotype 5 represented postoperative patients with nosocomial infections, while 

Phenotype 6 included young, immunosuppressed patients. Mortality rates at 28 days, 90 days, and 

one year varied significantly across these phenotypes, highlighting the impact of the infection site 

and patient characteristics on sepsis outcomes [21]. 

Most recently, Schertz et al. conducted a retrospective cohort study involving 6,753 hospitalized 

adults to identify clinical sepsis phenotypes based on the site of infection. The study found significant 

demographic, vital sign, and laboratory result differences across various infection sites [22]. Notably, 

unknown or unspecified infections had the highest proportion of shock or 30-day mortality (21.34%), 

while CNS infections had the lowest (8.11%). Respiratory, vascular, and unknown or unspecified 

infection sites demonstrated significantly increased odds of adverse outcomes compared to other 

sites [22]. 

The relationship between the site of infection and septic phenotypes is pivotal for developing 

targeted and effective treatment strategies. By understanding the specific characteristics and risks 

associated with different infection sites, healthcare providers can better predict patient outcomes and 

tailor interventions accordingly. 

3.2. Type of Bacteria 

The relationship between the type of bacteria and mortality in septic patients, is of paramount 

importance [23]. For instance, a study by Falcone et al. investigated the impact of carbapenem-

resistant Gram-negative bacilli on mortality, finding that bloodstream infections caused by these 

pathogens were associated with significantly higher mortality rates compared to infections caused 

by carbapenem-susceptible strains [24]. Similarly, a systematic review and meta-analysis by Maraolo 

et al. emphasized the mortality attributable to bloodstream infections caused by different 

carbapenem-resistant Gram-negative bacilli, reinforcing the critical impact of bacterial type on sepsis 
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outcomes [25]. A longitudinal analysis over a 20-year period in a neonatal intensive care unit, 

observing trends in incidence, pathogens, and mortality. Their findings indicated that healthcare-

associated bloodstream infections, particularly those caused by Gram-negative bacteria, were linked 

to higher mortality rates [26]. Another study by Arvaniti et al. focused on critically ill patients with 

intra-abdominal infections, revealing that the type of bacterial pathogen significantly influenced age-

related mortality outcomes [27]. 

The study by Papin et al. utilized hierarchical clustering to identify clinical and biological 

clusters of sepsis patients, noting that infections with non-fermentative Gram-negative bacilli and 

Staphylococcus aureus were associated with distinct clinical outcomes and higher mortality rates 

[21].  

In summary, these studies collectively reveal the profound impact of bacterial type on sepsis 

mortality, highlighting the need for targeted therapeutic strategies. The consistent finding that Gram-

negative bacteria, particularly carbapenem-resistant strains, are associated with higher mortality 

rates underscores the urgency of developing effective treatments and interventions tailored to the 

specific bacterial etiology in septic patients. 

4. Clinical Manifestations and Prognosis-Based Phenotyping 

4.1. Multiorgan Dysfunction Phenotyping 

The study of machine learning systems in sepsis clustering with regard to multiple organ 

dysfunction syndrome promotes the phenotype-based approach [28]. Analyzing a cohort of 2,533 

patients diagnosed with severe sepsis or septic shock, Knox et al. employed self-organizing maps 

(SOMs) and k-means clustering to identify four distinct phenotypic clusters based on organ 

dysfunction patterns. This approach was pivotal in delineating the heterogeneity inherent in sepsis-

associated multiple organ dysfunction syndrome (MODS). The first cluster, termed “Shock with 

Elevated Creatinine,” primarily encompassed patients exhibiting pronounced kidney dysfunction, 

characterized by elevated creatinine levels indicative of renal failure. This group demonstrated an 

intermediate severity of illness with a notable prevalence of septic shock. Despite the significant renal 

impairment, the mortality rates, were not the highest, suggesting that early and aggressive renal 

support could mitigate some of the associated risks. In contrast, the “Minimal MODS” cluster 

included patients with minimal organ dysfunction and various mild sepsis presentations. This 

phenotype exhibited the lowest mortality rate. The cluster included a broad spectrum of infections 

such as pneumonia and urinary tract infections, leading to better outcomes with minimal 

intervention. These findings suggest that meticulous monitoring and supportive care could suffice 

for patients within this cluster, avoiding unnecessary aggressive treatments. The “Shock with 

Hypoxemia and Altered Mental Status” cluster comprised patients who manifested severe 

respiratory distress and neurological impairments, including significant hypoxemia and altered 

mental status. This group recorded the highest mortality rate, reflecting the extreme severity 

associated with combined respiratory and neurological dysfunctions. Lastly, the “Hepatic Disease” 

cluster predominantly involved patients with liver dysfunction, often coupled with coagulation 

disorders. This phenotype was marked by significant morbidity and a mortality rate. The challenges 

in managing this cluster were exacerbated by the presence of acute liver injury patterns and 

conditions like end-stage liver disease, complicating clinical interventions due to associated high 

morbidity and mortality risks [28]. 

Regression analysis revealed that these phenotypic clusters were largely independent of age, 

cause of sepsis, obesity, and other comorbidities. Furthermore, the study noted significant differences 

in the association between clinical outcomes and predictors, such as the Acute Physiology And 

Chronic Health Evaluation (APACHE) II score [28]. Additionally, Ibrahim et al., undertook an 

extensive examination of sepsis phenotypes using data from 13,728 septic patients admitted to the 

ICU. By calculating 63 vital signs and laboratory tests collected within the first 24 hours of admission 

and applying machine learning methodologies similar to those used by Knox et al. in 2015, they 
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identified four clinically significant sepsis subpopulations, each exhibiting distinct organ dysfunction 

patterns [29]. 

The first phenotype, indicative of liver disease, included patients suffering from hepatic 

dysfunction and coagulation disorders, and this group was associated with a 30-day mortality rate 

of 28%. The second phenotype, characterized by cardiogenic dysfunction with elevated creatinine 

levels indicative of renal impairment, exhibited the highest 30-day mortality rate at 55%. The third 

phenotype comprised patients with minimal organ dysfunction, marked by relatively stable vital 

signs and laboratory results, and this group had a 30-day mortality rate of 25%, reflecting a moderate 

severity of illness. The fourth phenotype involved cardiogenic dysfunction accompanied by 

hypoxemia and altered mental status, with a 30-day mortality rate of 37%, highlighting the critical 

nature of combined cardiovascular, respiratory, and neurological impairments. 

Additionally, it has been observed that patients in the liver disease phenotype had prolonged 

hospital stays and a higher likelihood of requiring mechanical ventilation, while the cardiogenic 

dysfunction with elevated creatinine phenotype exhibited increased use of vasopressors, reflecting 

severe cardiovascular instability. The minimal organ dysfunction phenotype had shorter hospital 

stays and less need for intensive interventions, while the cardiogenic dysfunction with hypoxemia 

and altered mental status phenotype had higher rates of neurological complications and prolonged 

ICU stays [29]. 

Furthermore, Zhang et al. conducted a retrospective analysis involving 14,993 septic patients, 

utilizing machine learning techniques to classify these patients into four distinct phenotypic groups 

based on organ dysfunction patterns. This classification aimed to better understand the heterogeneity 

in sepsis presentations and outcomes [30]. 

The first phenotype, labeled as the baseline type, comprised 69% of the patients and was 

characterized by relatively stable clinical parameters and the lowest mortality rate. The second 

phenotype, which included 9% of the patients, was marked by respiratory dysfunction. Patients in 

this group required significant respiratory support and had a mortality rate. The third phenotype, 

representing 11% of the patients, was characterized by multiple organ dysfunction, including kidney, 

coagulation, liver, and shock. This group exhibited the highest mortality rate at 45.4%, highlighting 

the severe impact of multi-organ failure in sepsis. The fourth phenotype, also comprising 11% of the 

patients, was defined by neurological dysfunction. Patients in this group had significant neurological 

impairments, such as altered mental status, and a mortality rate of 27.4%. As part of the secondary 

outcomes, it has been shown that the patients in the third phenotype received the largest amount of 

fluid during the first 24 hours, which was associated with a reduced risk of hospital mortality. In 

contrast, higher fluid inputs were linked to increased mortality in the fourth phenotype [30]. 

Seymour et al. identification of four unique sepsis phenotypes, labeled α, β, γ, and δ [4]. Notably, 

the δ phenotype, which included 13% of the patients, was associated with elevated serum lactate 

levels, increased transaminases, and hypotension, signaling severe metabolic and hepatic 

dysfunction, and consequently exhibited the highest 28-day mortality rate at 40%. Patients classified 

within the δ phenotype required the most intensive care, exemplified by prolonged mechanical 

ventilation and higher doses of vasopressors, reflecting the severity of their clinical condition. 

Conversely, patients within the α phenotype experienced shorter hospital stays and necessitated 

fewer intensive interventions, underscoring the relatively benign nature of their clinical presentations 

in comparison to the other phenotypic groups [4]. 

In the study conducted by Xu et al., researchers delved into the intricate dynamics of sepsis by 

examining organ dysfunction trajectories to identify distinct sepsis phenotypes, using 72h SOFA 

score assessments. Utilizing data from a cohort of 16,743 patients, the study employed group-based 

trajectory modeling to classify patients into four unique phenotypes: Rapidly Worsening, Delayed 

Worsening, Rapidly Improving, and Delayed Improving [31]. 

The Rapidly Worsening group exhibited the most severe clinical deterioration, characterized by 

significant derangements in metabolic acidosis and hypoperfusion markers, such as low bicarbonate 

and high lactate levels. Additionally, these patients showed signs of disseminated intravascular 

coagulation, including low platelet counts and high INR, alongside respiratory failure. This group 
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had a high comorbidity burden, which was a strong predictor of their rapid decline in organ function. 

In contrast, the Delayed Worsening group experienced a slower progression of organ dysfunction, 

exhibiting a mix of hematologic, cardiovascular, and renal abnormalities. Although this group also 

had a significant comorbidity burden, it was less severe than that of the Rapidly Worsening group. 

The Rapidly Improving phenotype was marked by a swift recovery in organ function. Patients in this 

group had more abnormal inflammatory markers at ICU admission, such as elevated WBC counts, 

bands, and abnormal albumin levels. They were more likely to have urosepsis and showed abnormal 

cardiovascular and CNS deteriorations. These patients had a lower comorbidity score, suggesting 

that their sepsis outcomes were more dependent on the acute illness rather than underlying chronic 

conditions. The Delayed Improving group showed a gradual improvement in organ function. Their 

clinical variables were less specific but included inflammatory, hepatic, hematologic, and pulmonary 

markers. Similar to the Rapidly Improving group, these patients had a lower comorbidity burden. 

The Rapidly Worsening group had the highest in-hospital mortality at 28.3%, despite having a lower 

initial SOFA score compared to the Rapidly Improving group, which had a mortality rate of 5.5% 

[31]. In their study, Ding and Luo classified sepsis phenotypes based on organ dysfunction by 

utilizing nonnegative matrix factorization (NMF) of temporal trends from a multivariate panel of 

physiological measurements [5]. Drawing from the Medical Information Mart for Intensive Care III 

(MIMIC-III) database, which houses de-identified electronic health records from over 60,000 ICU 

stays, they selected a cohort of 5,782 patients whose sepsis onset coincided with their ICU admission. 

Researchers identified three novel phenotypes distinguished by their clinical characteristics and 

prognostic implications. Subgroup 1, encompassing 21% of the cohort (n = 1,218), included relatively 

less severe cases with a 30-day mortality rate of 17%. This group was characterized by an older mean 

age of 73 years, a male majority (male-to-female ratio of 59-to-41), and complex chronic conditions. 

Subgroup 2, the second largest at 35% (n = 2,036), represented the most severe cases with a 30-day 

mortality rate of 28%. Patients in this group exhibited severe organ dysfunction or failure, 

compounded by a wide range of comorbidities, and had notably high incidences of coagulopathy 

and liver disease. Subgroup 3, the largest at 44% (n = 2,528), included the least severe cases with a 30-

day mortality rate of 10%. This group was characterized by a younger mean age of 60 years, a 

balanced gender ratio (male-to-female ratio of 50-to-50), the least complicated conditions, and a 

uniquely high incidence of neurological disease. The high mortality rate from the subgroup 2 

highlighted the severe impact of combined organ dysfunctions, particularly liver disease and 

coagulopathy [5]. 

Complementary, Aldewereld et al. performed an in-depth analysis of septic shock phenotypes 

using a cohort of 1,023 subjects from the ProCESS trial [32]. The study revealed five phenotypes, each 

with unique organ failure patterns and varying degrees of illness severity. These phenotypes were 

classified into two low-risk groups (L1 and L2), one moderate-risk group (M), and two high-risk 

groups (H1 and H2). The first phenotype, L1, was characterized as fluid-refractory shock without 

multiorgan dysfunction. This group, which comprised 28% of the subjects, had relatively low illness 

severity scores and showed moderate vasopressor support needs with minimal respiratory support. 

The 14-day and 60-day mortality rates for this group were 7.9% and 14.6%, respectively. The second 

phenotype, L2, was identified as fluid-responsive shock and included 21% of the subjects. This 

younger group exhibited low illness severity scores and a low incidence of bacteremia. The 14-day 

and 60-day mortality rates were 12.6% and 17%, respectively.  

The moderate-risk phenotype, M, was predominantly characterized by respiratory failure and 

included 16% of the subjects. This group had 14-day and 60-day mortality rates of 25.5% and 34.3%, 

respectively. The incidence of pneumonia was highest in this group, and although they had high 

APACHE scores, their cardiovascular and renal dysfunctions were less severe compared to the high-

risk groups. High-risk phenotypes H1 and H2, which included 19% and 16% of the subjects, 

respectively, were associated with the highest mortality rates. The H1 phenotype was defined by 

multiple organ dysfunctions, including severe cardiac and respiratory failures, with 14-day and 60-

day mortality rates of 28.8% and 42.4%. This group exhibited the highest APACHE and SOFA scores, 

along with significant vasopressor and mechanical ventilation requirements. The H2 phenotype, 
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characterized by liver dysfunction and coagulopathy, had 14-day and 60-day mortality rates of 36.3% 

and 44.1%. This group was unique for its high incidence of intra-abdominal infections and positive 

blood cultures, along with pronounced lactate elevation and significant platelet count and bilirubin 

abnormalities [32]. 

Using AI-based technique, Sharafoddini et al. identified 12 phenotypes among 5,539 adult septic 

patients [33]. The study found significant variability in mortality rates across these phenotypes, with 

clusters 10, 11, and 8 showing the lowest mortality rates and clusters 9 and 2 showing the highest. 

Furthermore, the clusters with the highest mortality rates also showed a higher prevalence of severe 

organ dysfunctions and a greater need for intensive care interventions such as mechanical ventilation 

and vasopressor support [33]. 

A consistent finding across these studies was the significant variability in primary outcomes, 

particularly mortality rates, among the different phenotypes. High mortality rates were uniformly 

associated with phenotypes exhibiting severe multi-organ dysfunction. Secondary outcomes, 

including the need for mechanical ventilation, vasopressor support, and length of hospital stay, 

further highlighted the severe clinical burden borne by these high-risk phenotypes [4],[30].  

Interestingly, the studies revealed discrepancies in the specific organ dysfunctions emphasized 

and the methodologies employed. For instance, Ibrahim et al. focused on cardiogenic dysfunction 

and liver disease, while Ding and Luo (2021) highlighted neurological disease and coagulopathy 

[5],[29]. These variations could potentially influence the reproducibility and applicability of the 

findings. 

While the studies collectively highlight the paramount importance of phenotypic classification 

in sepsis management, the observed discrepancies highlight the necessity for standardized. By 

identifying distinct sepsis phenotypes with significant differences in clinical outcomes, these studies 

pave the way for more targeted and effective therapeutic strategies, ultimately aiming to improve 

patient outcomes in the complex landscape of sepsis management. 

4.2. Prognosis-Based Phenotyping  

The prognostic in sepsis and septic shock relies on various scoring systems used [34]. The studies 

by Xu, Zhang, and Yang collectively underscore the pivotal role of SOFA score trajectories in 

delineating sepsis phenotypes and prognosticating clinical outcomes, yet they reveal notable 

similarities and discrepancies in their findings [31], [35], [36]. 

All three studies utilized advanced statistical methodologies to classify patients into distinct 

SOFA score trajectory groups, emphasizing the dynamic nature of organ dysfunction in sepsis and 

the critical importance of continuous scoring. The prognosis based-phenotyping originates from the 

dynamics of various scoring systems used.  

A salient similarity across the studies is the identification of high-risk phenotypes characterized 

by persistently elevated SOFA scores, which were consistently associated with the poorest prognoses 

and highest mortality rates [31],[35]. Xu et al. identified the Rapidly Worsening phenotype, marked 

by continuously increasing SOFA scores and a 30-day mortality rate of 28.3%, while Zhang et al. 

described Class 2 and Class 5, both exhibiting high initial SOFA scores and high mortality rates of 

70% and 41.2%, respectively. Similarly, Yang et al.‘s observed in Class 5 group, with persistently high 

SOFA scores, the highest cumulative risk and the poorest outcomes, including a 7-day in-hospital 

mortality [31],[35],[36]. 

Despite these common findings, discrepancies emerge in the trajectory patterns and their 

implications for clinical management. Xu et al. highlighted the prognostic value of early 

improvement in SOFA scores, with the Rapidly Improving phenotype demonstrating a swift 

recovery and a significantly lower 30-day mortality rate of 5.5% [31]. In contrast, Zhang et al. 

identified a moderate initial SOFA score trajectory in Class 3, followed by a decreasing severity 

during the ICU stay, representing the largest class with 51.7% of subjects and a more favorable 

prognosis [35]. Yang et al. further pointed out that even moderate increases in SOFA scores, as seen 

in Groups 2 and 3, were independently associated with increased risks of mortality and adverse 

outcomes, underscoring the importance of timely interventions to mitigate these risks [36]. The 
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studies also differ in their secondary outcome measures and the statistical significance of these 

outcomes. Xu et al. emphasized the need for renal replacement therapy, mechanical ventilation, and 

vasopressor use, with the Rapidly Worsening group requiring the most intensive interventions 

[31].Zhang et al. highlighted the transition to persistent critical illness (PCI) and the elevated urea-to-

creatinine ratio as significant biochemical markers, while Yang et al. focused on the incidence of septic 

shock and acute respiratory failure (ARF), with Group 5 patients being at the highest risk [35,36]. 

These differences in secondary outcomes reflect the varied clinical presentations and management 

challenges associated with different SOFA score trajectories. 

In conclusion, the SOFA score trajectory is of critical importance in understanding sepsis 

phenotypes and prognosticating outcomes. The urge for personalized and timely therapeutic 

strategies tailored to the specific SOFA score trajectories, ultimately aiming to improve patient 

outcomes in the complex landscape of sepsis management could represent a daily clinical tool for the 

intensive care clinicians. 

5. Organ Dysfunction Trajectory and Response to the Therapeutic Approach in Clinical Sepsis 

Phenotyping 

5.1. Hemodynamic Phenotyping 

Septic shock, characterized by hemodynamic instability leading to multi-organ dysfunction and 

potentially fatal outcomes, requires a nuanced understanding of hemodynamic phenotypes to 

enhance targeted therapeutic strategies. There are 3 main factors that affect the hemodynamic 

variability in sepsis and septic shock: sepsis-related cardiomyopathy, response to fluid resuscitation 

and differentiated response to catecholamines. 

 

Figure 3. Hemodynamic phenotypes in sepsis. 

Regarding sepsis-related cardiomyopathy, Geri et al. conducted a comprehensive study 

analyzing 360 intensive care patients using a machine learning algorithm to identify five distinct 

hemodynamic profiles within a septic context [37]. Each cluster demonstrated significant variations 

in mortality rates. Cluster 1, consisting of 61 patients (16.9%), showed no left ventricular (LV) systolic 

dysfunction, right ventricular (RV) failure, or fluid responsiveness, and had the lowest mortality rates 

(9.8% on Day 7 and 21.3% overall ICU mortality), indicating relative hemodynamic stability. Cluster 

2, with 64 patients (17.7%), was characterized by LV systolic dysfunction and had significantly higher 

mortality rates (32.8% on Day 7 and 50.0% in the ICU). Cluster 3, comprising 84 patients (23.3%), 

exhibited a hyperkinetic profile with high cardiac output and lower mortality rates (8.3% on Day 7 

and 23.8% in the ICU), likely due to early and effective interventions. Cluster 4 included 81 patients 

(22.5%) with RV failure, showing mortality rates of 27.2% on Day 7 and 42.0% in the ICU, highlighting 

the severe impact of RV failure on prognosis. Cluster 5, encompassing 70 patients (19.4%) with 
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persistent hypovolemia, had Day 7 and ICU mortality rates of 23.2% and 38.6%, respectively, due to 

inadequate tissue perfusion and organ failure [37]. 

Zhang et al. emphasized the classification of septic myocardial suppression into phenotypes—

LV systolic dysfunction (LVSD), LV diastolic dysfunction (LVDD), right ventricular dysfunction 

(RVD), and mixed ventricular dysfunction—using echocardiography to tailor treatments and 

improve outcomes [38]. The study sought to correlate these phenotypes with outcomes such as 

mortality, echocardiographic improvement, ICU stay length, and mechanical ventilation duration, 

challenging the conventional view of irreversible myocardial suppression. The hypothesis posited 

that certain phenotypes, particularly those indicating reversible suppression, might be protective, 

allowing for full recovery if managed appropriately [38]. 

The ANDROMEDA-SHOCK-2 study assessed the efficacy of capillary refill time (CRT)-targeted 

resuscitation in septic shock [39]. This multicenter trial incorporated hemodynamic variables, 

including fluid responsiveness and myocardial function via echocardiography, to determine if CRT-

targeted resuscitation could reduce mortality and hospital stay. By personalizing resuscitation based 

on CRT, this study aimed to minimize fluid overload and optimize vasoactive drug usage, refining 

treatment protocols according to specific cardiovascular dynamics and improving outcomes [39]. 

Additionally, Zhu et al. focused on the systolic blood pressure variability in patients clustering 

[40]. They identified seven distinct systolic blood pressure (SBP) trajectories via trajectory analysis. 

Phenotype 1 (36.9%) exhibited stable SBP at 100 mmHg, while Phenotype 2 (7.5%) maintained a stable 

SBP with a mean of 83 mmHg. Phenotypes 3 (8.4%) and 4 (21.3%) showed increasing SBP from 140 

mmHg and 110-120 mmHg to 120-130 mmHg, respectively. Conversely, Phenotypes 5 (15.3%) and 6 

(8.2%) demonstrated rapid SBP declines from 130 mmHg to 100 mmHg and 150-160 mmHg to 110-

120 mmHg, respectively. Phenotype 7 (2.8%) displayed an initial SBP rise followed by a decrease [40]. 

Their in-hospital mortality rates were 25.5%, 40.5%, 11.8%, 18.3%, 23.5%, 13.8%, and 10.5%, 

respectively. Notably, Phenotype 3 exhibited the lowest mortality risk, suggesting it as a potentially 

optimal hemodynamic target within the first 10 hours of ICU admission. A persistently low SBP 

(Phenotype 2) forecasted a worse prognosis than a sharp SBP decline (Phenotype 6), emphasizing the 

importance of monitoring SBP trends to identify high-risk patients [40]. 

The identification and understanding of hemodynamic phenotypes in sepsis are crucial for 

improving patient outcomes. A cluster-based approach focusing on sepsis-induced myocardial and 

vascular disturbances provide valuable insights into the diverse physiological responses to sepsis, 

enabling more precise and personalized therapeutic strategies. 

Secondly, the variability of the response to fluid resuscitation in septic shock, impacts the 

patient’s outcome and therapy approach. The actual guidelines in sepsis and septic shock highlight 

a new perspective for fluid resuscitation: the individual fluid tolerance and responsiveness, by 

mainly ultrasonographical-based approach [41]. Clustering these patients could be helpful in a 

precision-based therapeutic algorithm. In 2021, Shald et al. present a detailed analysis of 320 septic 

patients admitted to the ICU, as a retrospective single-center cohort study classifying them into four 

clinical phenotypes: multi-organ failure (MOF), respiratory dysfunction (RD), neurologic 

dysfunction (ND), and other patients (OP) [42]. The primary outcome was in-hospital mortality, 

revealing significant differences among the phenotypes: MOF had the highest mortality rate at 48.4%, 

followed by ND at 39.7%, RD at 20.8%, and OP at 13.7%. Additionally, the study found notable 

secondary outcomes in terms of fluid balance. Differences in volume balances between phenotypes 

were evident over time (48 to 96 hours post-admission). Patients in the MOF and ND phenotypes had 

the largest positive volume balances at these time points. Furthermore, the study identified the MOF 

and ND phenotypes, along with volume balance at 24 hours, as significant predictors of in-hospital 

mortality [42]. 

The study by Ma et al., identifies five distinct septic shock phenotypes using finite mixture 

modeling and K-means clustering in a cohort of 1,437 patients with a 29% mortality rate [43]. The 

described phenotypes are: Class 1 (Baseline Class), which remained stable and transitioned to a de-

resuscitation phase by day 3; Class 2 (Critical Class), with the highest severity and mortality, 

benefited from delayed norepinephrine use post-adequate fluid resuscitation; Class 3 (Renal 
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Dysfunction), exhibiting significant kidney issues and requiring rapid de-resuscitation by day 1 to 

avoid fluid overload; Class 4 (Respiratory Failure Class), marked by pronounced respiratory failure 

necessitating careful fluid management to prevent lung injury exacerbation; and Class 5 (Mild Class) 

with the lowest mortality rate at 21%, representing patients with relatively mild symptoms and better 

overall outcomes [43]. Primary outcomes showed significant mortality rate variations among the 

classes, demonstrating that tailored resuscitative efforts, including optimal fluid volume and 

norepinephrine dosing, positively impacted survival rates. Secondary outcomes emphasized optimal 

fluid and norepinephrine administration with early, large-volume fluid resuscitation followed by 

restricted volumes, particularly benefiting baseline and renal dysfunction classes. Delayed 

norepinephrine was beneficial for the critical class, whereas early norepinephrine was advantageous 

for baseline and renal dysfunction classes. The study also highlighted avoiding fluid and 

norepinephrine overdoses by identifying risk factors such as body weight and PaCO2 levels [43]. 

The exploration of sepsis phenotypes and their response to fluid resuscitation reveals several 

overarching similarities across the studies reviewed. A notable commonality is the utilization of 

advanced machine learning and statistical methodologies to delineate distinct sepsis phenotypes, 

underscoring the critical role of sophisticated analytical tools in enhancing our understanding of 

sepsis heterogeneity [30], [32]. 

A recurrent theme is the elevated mortality rates consistently associated with fluid refractory 

phenotypes. For instance, Zhang et al.‘s study identified a phenotype characterized by multiple organ 

dysfunction, which exhibited the highest mortality rate at 45.4% and involved patients receiving the 

largest fluid volumes during the first 24 hours [30]. Similarly, Aldewereld et al. identified high-risk 

phenotypes H1 and H2, which necessitated significant vasopressor and mechanical ventilation 

support, reflecting their fluid refractory nature and concomitant high mortality rates [32].This pattern 

reveals the severe clinical burden borne by fluid refractory phenotypes. Furthermore, fluid refractory 

phenotypes were uniformly associated with severe organ dysfunctions across the studies [4], [5], [44]. 

Finally, patients with distinct phenotypic characteristics exhibit varying requirements for 

vasopressors, which has significant implications for their management and outcomes. The first line 

treatment used for hypotension in sepsis is noradrenaline [45]. Actual guidelines promote the use of 

other medication as well: vasopressin, metilen-blue, cortisone, or various inotropic agents [46,47]. 

The unique combination among various substances highlights the need of the personalized approach 

in septic shock. Phenotypes with the least requirements for vasopressors, such as the α phenotype 

identified by Seymour et al., are characterized by fewer abnormal laboratory values, less organ 

system dysfunction, and relatively stable clinical parameters [4]. These patients typically have lower 

mortality rates and shorter hospital stays, reflecting a more benign clinical course. Similarly, Bhavani 

et al.‘s Group C phenotype, marked by normothermia and normotension, also exhibited lower 

vasopressor use and better outcomes [44]. In contrast, phenotype with the most significant 

requirements for vasopressors, such as the δ phenotype, are associated with severe metabolic and 

hepatic dysfunction, high serum lactate levels, and elevated transaminases [4]. These patients exhibit 

the highest mortality rates and require intensive care, including prolonged mechanical ventilation 

and higher doses of vasopressors. Bhavani et al. described in their study that Group D phenotype, 

characterized by hypothermia and hypotension, needs high vasopressor doses with significantly 

higher 30-day mortality [44] .Geri et al.‘s hemodynamic phenotypes, particularly those with left 

ventricular systolic dysfunction and right ventricular failure, further highlight the critical need for 

individualized hemodynamic support in these high-risk groups [37]. 

The studies by Aldewereld et al. and Zhu et al. reinforce the variability in vasopressor 

requirements across different sepsis phenotypes, emphasizing the necessity for phenotype-specific 

strategies to optimize outcomes. High-risk phenotypes with multi-organ failure patterns and 

persistent hypotension require more aggressive vasopressor therapy and have poorer prognoses 

[32],[40]. 

Phenotypic classification provides a valuable framework for tailoring hemodynamic profile of 

each septic patient. By identifying distinct sepsis phenotypes with varying sepsis-related 

cardiomyopathy, fluid resuscitation therapy, or vasopressor requirements, clinicians can implement 
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more personalized and effective therapeutic interventions, ultimately improving patient outcomes 

and guiding future research and clinical trials. 

5.2. Sepsis-Associated Encephalopathy (SAE) 

SAE is a complex condition characterized by the dysfunction of the central nervous system 

during sepsis, manifesting in a range of symptoms from mild delirium to deep coma. The 

pathophysiology of SAE is multifactorial, involving a combination of neuroinflammation, ischemia, 

and cellular metabolic stress [48]. Neuroinflammation is a critical component, initiated by systemic 

inflammation that triggers activation of microglia, the brain’s resident immune cells [49],[50]. 

Upon activation, microglia undergo morphological changes and release pro-inflammatory 

cytokines such as gamma interferon and tumor necrosis factor-alpha, contributing to neuronal 

excitability and excitotoxicity, further leading to cognitive decline and increased mortality. 

Astrocytes, the most numerous cells in the brain, also play a significant role in SAE. These cells 

maintain brain homeostasis by regulating blood-brain barrier (BBB) permeability, brain water 

balance, and microcirculatory cerebral blood flow. During sepsis, astrocyte dysfunction can lead to 

BBB disruption, exacerbating neuroinflammation and neuronal damage [48]. 

Septic shock can cause cerebral hypoperfusion, leading to ischemic brain damage. Furthermore, 

septic shock can lead to microcirculatory impairment, characterized by neurovascular uncoupling 

and coagulation cascade activation, further exacerbating brain injury. Mitochondrial dysfunction, 

resulting from oxidative stress, impairs ATP production and increases the generation of reactive 

oxygen species, promoting neuronal apoptosis and functional impairment [48]. 

Clinically, SAE is diagnosed based on changes in mental status, ranging from delirium to coma, 

often assessed using standardized scales such as the Glasgow Coma Scale (GCS). 

Electroencephalography (EEG) is commonly used to detect changes in brain activity, with SAE 

typically presenting as background slowing or the presence of epileptiform discharges. MRI studies 

have revealed white matter hyperdensities and ischemic strokes in septic patients with acute brain 

dysfunction. However, the sensitivity and specificity of these findings can vary, necessitating further 

research to optimize imaging protocols for SAE diagnosis [48]. 

Biomarkers also play a role in the investigation of SAE. Markers of systemic inflammation, such 

as C-reactive protein and procalcitonin, can be associated with the occurrence of SAE. Additionally, 

biomarkers of brain damage, including protein S100b and neuron-specific enolase (NSE), or other 

epigenetic markers can provide insights into the extent of neuronal injury [49],[51]. Pharmacological 

treatments targeting neuroinflammation and microglial activation have shown promise in 

experimental studies but have yet to be validated in clinical trials. For instance, minocycline, 

cholinergic inhibitors, and vagal nerve stimulation have demonstrated potential in reducing 

microglial activation and neuroinflammation. However, clinical trials evaluating these interventions, 

such as the use of rivastigmine, have been inconclusive or shown adverse effects, underscoring the 

challenges of translating experimental findings into clinical practice [51]. 

The study by Xu Lin et al. on sepsis-associated encephalopathy (SAE) provides a significant 

contribution to the understanding of septic phenotypes, their prognostic implications, and potential 

treatment strategies. The study identified four distinct clinical phenotypes of SAE: ischemic-hypoxic, 

metabolic, mixed (ischemic-hypoxic and metabolic), and unclassified. The identification of these 

phenotypes was based on specific clinical criteria and hypothesized pathophysiologic mechanisms 

[52]. For instance, the ischemic-hypoxic phenotype was characterized by hypoxemia or septic shock, 

while the metabolic phenotype was defined by metabolic disturbances such as hyperammonemia, 

hypoglycemia, or significant hepatic dysfunction. The findings revealed that each phenotype has 

distinct prognostic implications. The mixed phenotype, which combines features of both ischemic-

hypoxic and metabolic dysfunctions, was associated with the highest in-hospital mortality rate and 

longer hospital stays [52] .This high mortality rate for the mixed phenotype suggests severe organ 

failure and a more complex pathophysiologic process, which could involve both inadequate cerebral 

perfusion and metabolic toxicity. 
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Dexmedetomidine, an alpha-2 adrenergic agonist, has been shown to increase delirium-free 

days and reduce 28-day mortality in septic shock patients [48], [53]. However, recent large studies 

have not demonstrated significant benefits of early goal-directed sedation with dexmedetomidine in 

critically ill patients [54]. The potential neuroprotective effects of other agents, such as ketamine and 

sevoflurane, are currently being investigated in clinical trials. Since little advances were made with 

regard to SAE-related clustering of the patients, future research is needed to confirm its role in 

precision-based medicine approach in sepsis and septic shock. 

5.3. Respiratory Trajectory 

Respiratory failure is a critical component of ARDS and sepsis, leading to significant morbidity 

and mortality. This feature is even more complex in immunosuppressed patients [3]. The study by 

Shankar-Hari et al. identifies distinct phenotypes within ARDS and sepsis populations, which exhibit 

varying degrees of respiratory failure. The analysis of the HARP-2 trial, which focused on ARDS, 

revealed two phenotypes: the hyperinflammatory and hypoinflammatory phenotypes [55]. The 

hyperinflammatory phenotype was associated with more severe respiratory failure, characterized by 

higher levels of inflammatory biomarkers such as IL-6, IL-8, and TNFR1, along with more acidosis 

and a greater prevalence of shock. These patients required more intensive respiratory support, 

including mechanical ventilation [55]. The biomarkers were not only indicative of the severity of the 

condition but also predictive of the clinical outcomes, with higher levels correlating with worse 

prognosis and higher mortality. 

The study also reveals the importance of non-pharmacological interventions in managing 

respiratory failure in ARDS and sepsis. Strategies such as optimizing mechanical ventilation settings, 

using prone positioning, and implementing lung-protective ventilation protocols are crucial in 

managing patients with severe respiratory failure [55]. 

Similarly, Sinha et al. describe the same 2 phenotypes, hypo- and hyperinflammatory. As part 

of the study, the importance of personalized interventions is highly underlines, such as fluid 

management and positive end-expiratory pressure (PEEP), which may have different impacts 

depending on the patient’s phenotype. This is particularly relevant as the hyperinflammatory 

phenotype tends to have worse outcomes with standard fluid management strategies, indicating a 

need for more tailored approaches [56]. Briefly, integrating the main two clinical forms of sepsis-

related respiratory phenotypes into a more complex secondary multiorgan dysfunction pattern could 

influence the clinical decision based on a specific precision-based medicine algorithm. 

5.4. Renal Injury and Renal Replacement Therapy (RRT) 

Sepsis-related kidney injury is one of the most frequent complication [57]. A more personalized 

approach to the septic patient with renal impairment could impact his outcome [58]. Utilizing latent 

class analysis, Wiersema et al. identified two distinct phenotypes of sepsis-related acute kidney injury 

(AKI) based on 30 variables obtained upon admission in the ICU [59]. Phenotype 1 included 133 

patients (44%), while phenotype 2 comprised 168 patients (56%). Phenotype 2 was characterized by 

higher levels of inflammatory and endothelial injury markers, such as heparin-binding protein 

(HBP), neutrophil elastase 2 (Ela), proteinase 3 (PRTN3), and matrix metalloproteinase 8 (MMP8), 

and clinically, by patients with a lower body mass index (BMI), higher vasopressor requirements, 

and higher fluid balance at 72 hours compared to those in phenotype 1. Subsequently, phenotype 2 

was associated with an increased risk of 90-day mortality and decreased short-term renal recovery 

on day 5 , suggesting a much more severe form of septic AKI [59]. 130 The study also highlights the 

differential need for renal replacement therapy (RRT) among the phenotypes, with phenotype 2 

having a likelihood to receive RRT of 39.3%, as opposed to 23.3% for phenotype 1. 

Other study revealed 3 phenotypes according to clinical and biomarkers trajectory, grouped as 

early reversal, persistent AKI and relapsed AKI [60]. Early reversal was defined by the resolution of 

AKI within seven days, characterized by a return to normal kidney function and favorable long-term 

outcomes, persistent AKI, containing patients with ongoing kidney dysfunction beyond seven days, 

poorer clinical outcomes and a higher likelihood of progression to chronic kidney disease (CKD) and 
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relapsed AKI, defined by an initial reversal of AKI followed by subsequent episodes of renal 

dysfunction, indicating an unstable clinical course and increased risk of long-term complications [60]. 

The study explores the role of RRT in managing severe AKI. It was observed that the timing of RRT 

initiation did not significantly affect overall mortality rates, however, early initiation of RRT was 

associated with improved renal recovery in some patient subgroups. The study emphasizes that RRT 

should be initiated based on clinical judgment and patient-specific factors, using the guideline 

recommended delivery dose of 20–25 ml/kg/h [60]. 

5.5. Sepsis-Induced Coagulopathy (SIC) 

SIC is a critical complication characterized by a dysregulated coagulation cascade. The 

pathophysiology of SIC involves a delicate balance between procoagulant and anticoagulant 

pathways, that gets disrupted in the context of sepsis, leading to systemic thrombin generation, 

impaired anticoagulant activity, and suppression of fibrinolysis [61]. Key mechanisms include 

increased procoagulant tissue factor (TF) expression on monocytes and endothelial cells, the 

formation of neutrophil extracellular traps (NETs) which promote thrombin generation, and marked 

vascular inflammation with endothelial injury. Additionally, the impaired activity of natural 

anticoagulants such as antithrombin (ATIII) and protein C further exacerbates the coagulation 

disorder, resulting in microvascular thrombi, which can progress to organ disfunction [61]. 

As of 2021, Kudo al. describe 4 phenotypes of septic coagulopathy: cluster dA, with severe 

coagulopathy with extremely high levels of fibrinogen degradation products (FDP) and D-dimer, 

severe organ dysfunction, and the highest mortality rate, and particularly low platelet counts and 

prolonged prothrombin time (PT-INR); cluster dB, consisting in patients with severe disease, but 

moderate coagulopathy, intermediate levels of FDP and D-dimer and significant organ dysfunction; 

cluster dC, with moderate disease severity and moderate coagulopathy, and therefore relatively 

better clinical outcomes compared to the previous clusters, and finally, cluster dD, with mild disease 

with little to no coagulopathy, exhibiting the lowest levels of coagulation markers and the best 

prognosis among the groups [7]. 

The study explores the efficacy of recombinant human thrombomodulin (rhTM) as a potential 

treatment for septic coagulopathy. In Cluster dA, treatment with rhTM was associated with 

significantly lower 28-day mortality and in-hospital mortality [7]. However, these benefits were not 

observed in other phenotypes, highlighting the importance of phenotypic stratification in therapeutic 

decision-making. Other potential treatments for SIC include the use of anticoagulant therapies such 

as antithrombin supplementation and activated protein C (APC). However, clinical trials have 

produced mixed results, with some studies showing no significant reduction in mortality and others 

indicating an increased risk of bleeding [62], [63]. The use of anticoagulants remains controversial, 

and current guidelines do not recommend routine antithrombotic therapy for all septic patients [61]. 

Instead, targeted therapies based on specific coagulation phenotypes may offer a more effective 

approach. 

5. Conclusions 

The phenotypic-based approach in sepsis management offers several advantages, opening 

avenues for future perspectives in personalized medicine. 

One of the primary advantages of a phenotypical approach is the ability to tailor interventions 

based on the specific characteristics of each phenotype, thereby enhancing the precision and 

effectiveness of treatments, highlighting the pivotal role of artificial intelligence-based algorithms. 

However, the phenotypical approach is not without its limitations. One significant challenge is 

the inherent heterogeneity of sepsis, which complicates the identification and classification of distinct 

phenotypes. The vast variability in clinical presentations and biological responses necessitates 

sophisticated analytical tools and large datasets, which may not always be readily available in all 

clinical settings, making its usage difficult in the absence of a solid validation 

Looking forward, the integration of artificial intelligence enables the analysis of larger datasets, 

playing a pivotal role in identifying novel clinical phenotypes. 
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In conclusion, while the phenotypical approach in sepsis presents several advantages in terms 

of personalized patient care and improved prognostication, it also faces challenges related to 

heterogeneity and implementation in clinical practice. The future of sepsis management lies in the 

continued development and validation of phenotypical classifications, supported by advanced 

technologies and comprehensive data analysis, to ultimately achieve the goal of personalized 

medicine and improved patient outcomes. 

Author Contributions: Conceptualization, A.T. and S.I.; methodology, T.I., and C.M.; software, G.-D.T., and L.J.; 

validation, C.C., L.M., and M.D.T.; B.P, and G.D.; formal analysis, S.I., T.I.; investigation, A.T., and C.M.; 

resources, L.J., and G.-D.T; data curation, C.C., and L.M; writing—original draft preparation, A.T., S.I.; writing—

review and editing, B.P., S.I.; visualization, M.D.T., and G.D.; supervision, G.D.; project administration, A.T.; 

funding acquisition, G.D. All authors have read and agreed to the published version of the manuscript. 

Funding: The APC was supported by Carol Davila University of Medicine and Pharmacy, Bucharest, Romania. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is not applicable 

to this article. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; 

Bernard, G.R.; Chiche, J.-D.; Coopersmith, C.M.; et al. The Third International Consensus Definitions for 

Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315, 801, doi:10.1001/jama.2016.0287. 

2. Isac, S.; Isac, T.; Tanasescu, M.D.; Pavel, B.; Andreescu, C.V.; Badea, A.-G.; Ojog, D.; Teodorescu, G.-D.; 

Laceanu, A.; Trifan, C.-B.; et al. The Omics Complexity in Sepsis: The Limits of the Personalized Medicine 

Approach. J. Pers. Med. 2024, 14, 225, doi:10.3390/jpm14030225. 

3. Cotorogea-Simion, M.; Pavel, B.; Isac, S.; Telecan, T.; Matache, I.-M.; Bobirca, A.; Bobirca, F.-T.; Rababoc, R.; 

Droc, G. What Is Different in Acute Hematologic Malignancy-Associated ARDS? An Overview of the 

Literature. Medicina (Mex.) 2022, 58, 1215, doi:10.3390/medicina58091215. 

4. Seymour, C.W.; Kennedy, J.N.; Wang, S.; Chang, C.-C.H.; Elliott, C.F.; Xu, Z.; Berry, S.; Clermont, G.; 

Cooper, G.; Gomez, H.; et al. Derivation, Validation, and Potential Treatment Implications of Novel Clinical 

Phenotypes for Sepsis. JAMA 2019, 321, 2003, doi:10.1001/jama.2019.5791. 

5. Ding, M.; Luo, Y. Unsupervised Phenotyping of Sepsis Using Nonnegative Matrix Factorization of 

Temporal Trends from a Multivariate Panel of Physiological Measurements. BMC Med. Inform. Decis. Mak. 

2021, 21, 95, doi:10.1186/s12911-021-01460-7. 

6. Taylor, S.P.; Bray, B.C.; Chou, S.-H.; Burns, R.; Kowalkowski, M.A. Clinical Subtypes of Sepsis Survivors 

Predict Readmission and Mortality after Hospital Discharge. Ann. Am. Thorac. Soc. 2022, 19, 1355–1363, 

doi:10.1513/AnnalsATS.202109-1088OC. 

7. Kudo, D.; Goto, T.; Uchimido, R.; Hayakawa, M.; Yamakawa, K.; Abe, T.; Shiraishi, A.; Kushimoto, S. 

Coagulation Phenotypes in Sepsis and Effects of Recombinant Human Thrombomodulin: An Analysis of 

Three Multicentre Observational Studies. Crit. Care 2021, 25, 114, doi:10.1186/s13054-021-03541-5. 

8. Honore, P.M.; Barreto Gutierrez, L.; Kugener, L.; Redant, S.; Attou, R.; Gallerani, A.; De Bels, D. Mortality 

in Non-Elderly Septic Patients Was Increased with Hypothermia and Decreased with Fever While 

Mortality in Elderly Patients Was Not Associated with Body Temperature: Beware of Some Confounders! 

Crit. Care 2020, 24, 606, doi:10.1186/s13054-020-03316-4. 

9. Shimazui, T.; Nakada, T.; Walley, K.R.; Oshima, T.; Abe, T.; Ogura, H.; Shiraishi, A.; Kushimoto, S.; Saitoh, 

D.; Fujishima, S.; et al. Significance of Body Temperature in Elderly Patients with Sepsis. Crit. Care 2020, 24, 

387, doi:10.1186/s13054-020-02976-6. 

10. Ito, Y.; Kudo, D.; Kushimoto, S. Association between Low Body Temperature on Admission and In-

Hospital Mortality According to Body Mass Index Categories of Patients with Sepsis. Medicine (Baltimore) 

2022, 101, e31657, doi:10.1097/MD.0000000000031657. 

11. Bhavani, S.V.; Carey, K.A.; Gilbert, E.R.; Afshar, M.; Verhoef, P.A.; Churpek, M.M. Identifying Novel Sepsis 

Subphenotypes Using Temperature Trajectories. Am. J. Respir. Crit. Care Med. 2019, 200, 327–335, 

doi:10.1164/rccm.201806-1197OC. 

12. Baek, M.S.; Kim, J.H.; Kwon, Y.S. Cluster Analysis Integrating Age and Body Temperature for Mortality in 

Patients with Sepsis: A Multicenter Retrospective Study. Sci. Rep. 2022, 12, 1090, doi:10.1038/s41598-022-

05088-z. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2197.v1

https://doi.org/10.20944/preprints202409.2197.v1


 17 

 

13. Hu, J.; Gan, Q.; Zhou, D.; Xia, X.; Xiang, W.; Xiao, R.; Tang, J.; Li, J. Evaluating the Risk of Sepsis Attributing 

to Obesity: A Two-Sample Mendelian Randomization Study. Postgrad. Med. J. 2023, 99, 1266–1271, 

doi:10.1093/postmj/qgad072. 

14. Bai, L.; Huang, J.; Wang, D.; Zhu, D.; Zhao, Q.; Li, T.; Zhou, X.; Xu, Y. Association of Body Mass Index with 

Mortality of Sepsis or Septic Shock: An Updated Meta-Analysis. J. Intensive Care 2023, 11, 27, 

doi:10.1186/s40560-023-00677-0. 

15. Sato, T.; Kudo, D.; Kushimoto, S.; Hasegawa, M.; Ito, F.; Yamanouchi, S.; Honda, H.; Andoh, K.; Furukawa, 

H.; Yamada, Y.; et al. Associations between Low Body Mass Index and Mortality in Patients with Sepsis: A 

Retrospective Analysis of a Cohort Study in Japan. PLOS ONE 2021, 16, e0252955, 

doi:10.1371/journal.pone.0252955. 

16. Jeganathan, N.; Yau, S.; Ahuja, N.; Otu, D.; Stein, B.; Fogg, L.; Balk, R. The Characteristics and Impact of 

Source of Infection on Sepsis-Related ICU Outcomes. J. Crit. Care 2017, 41, 170–176, 

doi:10.1016/j.jcrc.2017.05.019. 

17. Chen, Y.-S.; Liao, T.-Y.; Hsu, T.-C.; Hsu, W.-T.; Lee, M.-T.G.; Lee, C.-C. Temporal Trend and Survival 

Impact of Infection Source among Patients with Sepsis: A Nationwide Study. Crit. Care Resusc. 2020, 22, 

126–132, doi:10.51893/2020.2.oa2. 

18. He, X.-L.; Liao, X.-L.; Xie, Z.-C.; Han, L.; Yang, X.-L.; Kang, Y. Pulmonary Infection Is an Independent Risk 

Factor for Long-Term Mortality and Quality of Life for Sepsis Patients. BioMed Res. Int. 2016, 2016, 1–10, 

doi:10.1155/2016/4213712. 

19. Jeganathan, N. Burden of Sepsis in India. Chest 2022, 161, 1438–1439, doi:10.1016/j.chest.2022.02.008. 

20. Chou, E.H.; Mann, S.; Hsu, T.-C.; Hsu, W.-T.; Liu, C.C.-Y.; Bhakta, T.; Hassani, D.M.; Lee, C.-C. Incidence, 

Trends, and Outcomes of Infection Sites among Hospitalizations of Sepsis: A Nationwide Study. PLOS 

ONE 2020, 15, e0227752, doi:10.1371/journal.pone.0227752. 

21. Papin, G.; Bailly, S.; Dupuis, C.; Ruckly, S.; Gainnier, M.; Argaud, L.; Azoulay, E.; Adrie, C.; Souweine, B.; 

Goldgran-Toledano, D.; et al. Clinical and Biological Clusters of Sepsis Patients Using Hierarchical 

Clustering. PLOS ONE 2021, 16, e0252793, doi:10.1371/journal.pone.0252793. 

22. Schertz, A.R.; Eisner, A.E.; Smith, S.A.; Lenoir, K.M.; Thomas, K.W. Clinical Phenotypes of Sepsis in a 

Cohort of Hospitalized Patients According to Infection Site. Crit. Care Explor. 2023, 5, e0955, 

doi:10.1097/CCE.0000000000000955. 

23. IOANA MARINA GRINȚESCU, L.M. EFFICACY OF TIGECYCLINE TREATMENT IN SEVERE AND 

COMPLICATED CLOSTRIDIUM DIFFICILE INFECTION. 2017 65,4, 600–604. 

24. Falcone, M.; Tiseo, G.; Carbonara, S.; Marino, A.; Di Caprio, G.; Carretta, A.; Mularoni, A.; Mariani, M.F.; 

Maraolo, A.E.; Scotto, R.; et al. Mortality Attributable to Bloodstream Infections Caused by Different 

Carbapenem-Resistant Gram-Negative Bacilli: Results From a Nationwide Study in Italy (ALARICO 

Network). Clin. Infect. Dis. 2023, 76, 2059–2069, doi:10.1093/cid/ciad100. 

25. Maraolo, A.E.; Corcione, S.; Grossi, A.; Signori, A.; Alicino, C.; Hussein, K.; Trecarichi, E.M.; Viale, P.; Timsit, 

J.-F.; Veeraraghavan, B.; et al. The Impact of Carbapenem Resistance on Mortality in Patients With 

Klebsiella Pneumoniae Bloodstream Infection: An Individual Patient Data Meta-Analysis of 1952 Patients. 

Infect. Dis. Ther. 2021, 10, 541–558, doi:10.1007/s40121-021-00408-8. 

26. Verstraete, E.; Boelens, J.; Coen, K.D.; Claeys, G.; Vogelaers, D.; Vanhaesebrouck, P.; Blot, S. Healthcare-

Associated Bloodstream Infections in a Neonatal Intensive Care Unit over a 20-Year Period (1992–2011): 

Trends in Incidence, Pathogens, and Mortality. Infect. Control Hosp. Epidemiol. 2014, 35, 511–518, 

doi:10.1086/675836. 

27. Arvaniti, K.; Dimopoulos, G.; Antonelli, M.; Blot, K.; Creagh-Brown, B.; Deschepper, M.; De Lange, D.; De 

Waele, J.; Dikmen, Y.; Eckmann, C.; et al. Epidemiology and Age-Related Mortality in Critically Ill Patients 

with Intra-Abdominal Infection or Sepsis: An International Cohort Study. Int. J. Antimicrob. Agents 2022, 60, 

106591, doi:10.1016/j.ijantimicag.2022.106591. 

28. Knox, D.B.; Lanspa, M.J.; Kuttler, K.G.; Brewer, S.C.; Brown, S.M. Phenotypic Clusters within Sepsis-

Associated Multiple Organ Dysfunction Syndrome. Intensive Care Med. 2015, 41, 814–822, 

doi:10.1007/s00134-015-3764-7. 

29. Ibrahim, Z.M.; Wu, H.; Hamoud, A.; Stappen, L.; Dobson, R.J.B.; Agarossi, A. On Classifying Sepsis 

Heterogeneity in the ICU: Insight Using Machine Learning. J. Am. Med. Inform. Assoc. 2020, 27, 437–443, 

doi:10.1093/jamia/ocz211. 

30. Zhang, Z.; Zhang, G.; Goyal, H.; Mo, L.; Hong, Y. Identification of Subclasses of Sepsis That Showed 

Different Clinical Outcomes and Responses to Amount of Fluid Resuscitation: A Latent Profile Analysis. 

Crit. Care 2018, 22, 347, doi:10.1186/s13054-018-2279-3. 

31. Xu, Z.; Mao, C.; Su, C.; Zhang, H.; Siempos, I.; Torres, L.K.; Pan, D.; Luo, Y.; Schenck, E.J.; Wang, F. Sepsis 

Subphenotyping Based on Organ Dysfunction Trajectory. Crit. Care 2022, 26, 197, doi:10.1186/s13054-022-

04071-4. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2197.v1

https://doi.org/10.20944/preprints202409.2197.v1


 18 

 

32. Aldewereld, Z.T.; Zhang, L.A.; Urbano, A.; Parker, R.S.; Swigon, D.; Banerjee, I.; Gómez, H.; Clermont, G. 

Identification of Clinical Phenotypes in Septic Patients Presenting With Hypotension or Elevated Lactate. 

Front. Med. 2022, 9, 794423, doi:10.3389/fmed.2022.794423. 

33. Sharafoddini, A.; Dubin, J.A.; Lee, J. Identifying Subpopulations of Septic Patients: A Temporal Data-

Driven Approach. Comput. Biol. Med. 2021, 130, 104182, doi:10.1016/j.compbiomed.2020.104182. 

34. McLymont, N.; Glover, G.W. Scoring Systems for the Characterization of Sepsis and Associated Outcomes. 

Ann. Transl. Med. 2016, 4, 527, doi:10.21037/atm.2016.12.53. 

35. Zhang, Z.; Ho, K.M.; Gu, H.; Hong, Y.; Yu, Y. Defining Persistent Critical Illness Based on Growth 

Trajectories in Patients with Sepsis. Crit. Care 2020, 24, 57, doi:10.1186/s13054-020-2768-z. 

36. Yang, R.; Han, D.; Zhang, L.; Huang, T.; Xu, F.; Zheng, S.; Yin, H.; Lyu, J. Analysis of the Correlation 

between the Longitudinal Trajectory of SOFA Scores and Prognosis in Patients with Sepsis at 72 Hour after 

Admission Based on Group Trajectory Modeling. J. Intensive Med. 2022, 2, 39–49, 

doi:10.1016/j.jointm.2021.11.001. 

37. Geri, G.; Vignon, P.; Aubry, A.; Fedou, A.-L.; Charron, C.; Silva, S.; Repessé, X.; Vieillard-Baron, A. 

Cardiovascular Clusters in Septic Shock Combining Clinical and Echocardiographic Parameters: A Post 

Hoc Analysis. Intensive Care Med. 2019, 45, 657–667, doi:10.1007/s00134-019-05596-z. 

38. Zhang, H.; Wang, X.; Yin, W.; Zhang, H.; Liu, L.; Pan, P.; Zhu, Y.; Huang, W.; Xing, Z.; Yao, B.; et al. A 

Multicenter Prospective Cohort Study of Cardiac Ultrasound Phenotypes in Patients with Sepsis: Study 

Protocol for a Multicenter Prospective Cohort Trial. Front. Med. 2022, 9, 938536, 

doi:10.3389/fmed.2022.938536. 

39. Kattan, E.; Bakker, J.; Estenssoro, E.; Ospina-Tascón, G.A.; Cavalcanti, A.B.; Backer, D.D.; Vieillard-Baron, 

A.; Teboul, J.-L.; Castro, R.; Hernández, G. Hemodynamic Phenotype-Based, Capillary Refill Time-

Targeted Resuscitation in Early Septic Shock: The ANDROMEDA-SHOCK-2 Randomized Clinical Trial 

Study Protocol. Rev. Bras. Ter. Intensiva 2022, 34, doi:10.5935/0103-507X.20220004-en. 

40. Zhu, J.-L.; Yuan, S.-Q.; Huang, T.; Zhang, L.-M.; Xu, X.-M.; Yin, H.-Y.; Wei, J.-R.; Lyu, J. Influence of Systolic 

Blood Pressure Trajectory on In-Hospital Mortality in Patients with Sepsis. BMC Infect. Dis. 2023, 23, 90, 

doi:10.1186/s12879-023-08054-w. 

41. Kenny, J.-E.S. Assessing Fluid Intolerance with Doppler Ultrasonography: A Physiological Framework. 

Med. Sci. 2022, 10, 12, doi:10.3390/medsci10010012. 

42. Shald, E.A.; Erdman, M.J.; Ferreira, J.A. Impact of Clinical Sepsis Phenotypes on Mortality and Fluid Status 

in Critically Ill Patients. Shock 2022, 57, 57–62, doi:10.1097/SHK.0000000000001864. 

43. Ma, P.; Liu, J.; Shen, F.; Liao, X.; Xiu, M.; Zhao, H.; Zhao, M.; Xie, J.; Wang, P.; Huang, M.; et al. 

Individualized Resuscitation Strategy for Septic Shock Formalized by Finite Mixture Modeling and 

Dynamic Treatment Regimen. Crit. Care 2021, 25, 243, doi:10.1186/s13054-021-03682-7. 

44. Bhavani, S.V.; Semler, M.; Qian, E.T.; Verhoef, P.A.; Robichaux, C.; Churpek, M.M.; Coopersmith, C.M. 

Development and Validation of Novel Sepsis Subphenotypes Using Trajectories of Vital Signs. Intensive 

Care Med. 2022, 48, 1582–1592, doi:10.1007/s00134-022-06890-z. 

45. Evans, L.; Rhodes, A.; Alhazzani, W.; Antonelli, M.; Coopersmith, C.M.; French, C.; Machado, F.R.; 

Mcintyre, L.; Ostermann, M.; Prescott, H.C.; et al. Surviving Sepsis Campaign: International Guidelines for 

Management of Sepsis and Septic Shock 2021. Crit. Care Med. 2021, 49, e1063–e1143, 

doi:10.1097/CCM.0000000000005337. 

46. Gordon, A.C.; Mason, A.J.; Thirunavukkarasu, N.; Perkins, G.D.; Cecconi, M.; Cepkova, M.; Pogson, D.G.; 

Aya, H.D.; Anjum, A.; Frazier, G.J.; et al. Effect of Early Vasopressin vs Norepinephrine on Kidney Failure 

in Patients With Septic Shock: The VANISH Randomized Clinical Trial. JAMA 2016, 316, 509, 

doi:10.1001/jama.2016.10485. 

47. Russell, J.A.; Wellman, H.; Walley, K.R. Vasopressin versus Norepinephrine in Septic Shock: A Propensity 

Score Matched Efficiency Retrospective Cohort Study in the VASST Coordinating Center Hospital. J. 

Intensive Care 2018, 6, 73, doi:10.1186/s40560-018-0344-2. 

48. Mazeraud, A.; Righy, C.; Bouchereau, E.; Benghanem, S.; Bozza, F.A.; Sharshar, T. Septic-Associated 

Encephalopathy: A Comprehensive Review. Neurotherapeutics 2020, 17, 392–403, doi:10.1007/s13311-020-

00862-1. 

49. Isac, S.; Panaitescu, A.M.; Iesanu, M.I.; Zeca, V.; Cucu, N.; Zagrean, L.; Peltecu, G.; Zagrean, A.-M. Maternal 

Citicoline-Supplemented Diet Improves the Response of the Immature Hippocampus to Perinatal 

Asphyxia in Rats. Neonatology 2020, 117, 729–735, doi:10.1159/000512145. 

50. Isac, S.; Pavel, B.; Dobre, M.; Milanesi, E.; Matache, I.-M.; Paun, R.-M.; Klimko, A.; Iesanu, M.I.; Droc, G.; 

Zagrean, A.-M. Does a Single Exposure to General Anesthesia Have a Cumulative Effect on the Developing 

Brain after Mild Perinatal Asphyxia? Life 2022, 12, 1568, doi:10.3390/life12101568. 

51. Sonneville, R.; Benghanem, S.; Jeantin, L.; De Montmollin, E.; Doman, M.; Gaudemer, A.; Thy, M.; Timsit, 

J.-F. The Spectrum of Sepsis-Associated Encephalopathy: A Clinical Perspective. Crit. Care 2023, 27, 386, 

doi:10.1186/s13054-023-04655-8. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2197.v1

https://doi.org/10.20944/preprints202409.2197.v1


 19 

 

52. Lu, X.; Qin, M.; Walline, J.H.; Gao, Y.; Yu, S.; Ge, Z.; Gong, C.; Zhu, H.; Annane, D.; Li, Y. CLINICAL 

PHENOTYPES OF SEPSIS-ASSOCIATED ENCEPHALOPATHY: A RETROSPECTIVE COHORT STUDY. 

Shock 2023, 59, 583–590, doi:10.1097/SHK.0000000000002092. 

53. Pandharipande, P.P.; Sanders, R.D.; Girard, T.D.; McGrane, S.; Thompson, J.L.; Shintani, A.K.; Herr, D.L.; 

Maze, M.; Ely, E.W.; MENDS investigators Effect of Dexmedetomidine versus Lorazepam on Outcome in 

Patients with Sepsis: An a Priori-Designed Analysis of the MENDS Randomized Controlled Trial. Crit. Care 

Lond. Engl. 2010, 14, R38, doi:10.1186/cc8916. 

54. Shehabi, Y.; Howe, B.D.; Bellomo, R.; Arabi, Y.M.; Bailey, M.; Bass, F.E.; Bin Kadiman, S.; McArthur, C.J.; 

Murray, L.; Reade, M.C.; et al. Early Sedation with Dexmedetomidine in Critically Ill Patients. N. Engl. J. 

Med. 2019, 380, 2506–2517, doi:10.1056/NEJMoa1904710. 

55. Shankar-Hari, M.; Santhakumaran, S.; Prevost, A.T.; Ward, J.K.; Marshall, T.; Bradley, C.; Calfee, C.S.; 

Delucchi, K.L.; Sinha, P.; Matthay, M.A.; et al. Defining Phenotypes and Treatment Effect Heterogeneity to 

Inform Acute Respiratory Distress Syndrome and Sepsis Trials: Secondary Analyses of Three RCTs. Effic. 

Mech. Eval. 2021, 8, 1–104, doi:10.3310/eme08100. 

56. Sinha, P.; Meyer, N.J.; Calfee, C.S. Biological Phenotyping in Sepsis and Acute Respiratory Distress 

Syndrome. Annu. Rev. Med. 2023, 74, 457–471, doi:10.1146/annurev-med-043021-014005. 

57. The Cooperative Antimicrobial Therapy of Septic Shock (CATSS) Database Research Group; Bagshaw, S.M.; 

Lapinsky, S.; Dial, S.; Arabi, Y.; Dodek, P.; Wood, G.; Ellis, P.; Guzman, J.; Marshall, J.; et al. Acute Kidney 

Injury in Septic Shock: Clinical Outcomes and Impact of Duration of Hypotension Prior to Initiation of 

Antimicrobial Therapy. Intensive Care Med. 2009, 35, 871–881, doi:10.1007/s00134-008-1367-2. 

58. Bouchard, J.; Acharya, A.; Cerda, J.; Maccariello, E.R.; Madarasu, R.C.; Tolwani, A.J.; Liang, X.; Fu, P.; Liu, 

Z.-H.; Mehta, R.L. A Prospective International Multicenter Study of AKI in the Intensive Care Unit. Clin. J. 

Am. Soc. Nephrol. 2015, 10, 1324–1331, doi:10.2215/CJN.04360514. 

59. Wiersema, R.; Jukarainen, S.; Vaara, S.T.; Poukkanen, M.; Lakkisto, P.; Wong, H.; Linder, A.; Van Der Horst, 

I.C.C.; Pettilä, V. Two Subphenotypes of Septic Acute Kidney Injury Are Associated with Different 90-Day 

Mortality and Renal Recovery. Crit. Care 2020, 24, 150, doi:10.1186/s13054-020-02866-x. 

60. Peerapornratana, S.; Priyanka, P.; Wang, S.; Smith, A.; Singbartl, K.; Palevsky, P.M.; Chawla, L.S.; Yealy, 

D.M.; Angus, D.C.; Kellum, J.A.; et al. Sepsis-Associated Acute Kidney Disease. Kidney Int. Rep. 2020, 5, 

839–850, doi:10.1016/j.ekir.2020.03.005. 

61. Williams, B.; Zou, L.; Pittet, J.-F.; Chao, W. Sepsis-Induced Coagulopathy: A Comprehensive Narrative 

Review of Pathophysiology, Clinical Presentation, Diagnosis, and Management Strategies. Anesth. Analg. 

2024, doi:10.1213/ANE.0000000000006888. 

62. Bernard, G.R.; Vincent, J.-L.; Laterre, P.-F.; LaRosa, S.P.; Dhainaut, J.-F.; Lopez-Rodriguez, A.; Steingrub, 

J.S.; Garber, G.E.; Helterbrand, J.D.; Ely, E.W.; et al. Efficacy and Safety of Recombinant Human Activated 

Protein C for Severe Sepsis. N. Engl. J. Med. 2001, 344, 699–709, doi:10.1056/NEJM200103083441001. 

63. Abraham, E.; Reinhart, K.; Opal, S.; Demeyer, I.; Doig, C.; Rodriguez, A.L.; Beale, R.; Svoboda, P.; Laterre, 

P.F.; Simon, S.; et al. Efficacy and Safety of Tifacogin (Recombinant Tissue Factor Pathway Inhibitor) in 

Severe Sepsis: A Randomized Controlled Trial. JAMA 2003, 290, 238, doi:10.1001/jama.290.2.238. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2197.v1

https://doi.org/10.20944/preprints202409.2197.v1

