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INVITED REVIEW

Introduction

Preoperative assessment is a critical step in 

managing patients before major surgery, especially 

for complex surgical patients with multiple 

comorbidities or high-risk factors. Such complicated 

patients often face elevated risks of postoperative 

complications, prolonged hospital stays, or intensive 

care unit (ICU) admissions. Traditional preoperative 

evaluation relies on clinical judgment, risk scores 

(like ASA classification or NSQIP calculators), and 

multidisciplinary optimization (e.g., controlling chronic 

diseases, nutritional support, prehabilitation). In recent 

years, artificial intelligence (AI), particularly machine 

learning (ML) algorithms, has emerged as a promising 

tool to enhance preoperative risk stratification and 

patient optimization. By analyzing large volumes of 

health data, AI can uncover complex patterns not 

easily accessible to clinicians, potentially improving 

prediction of adverse outcomes and guiding tailored 

interventions. 

This narrative review examines the role of AI in 

the preoperative assessment and optimization 

Artificial intelligence in preoperative assessment and optimization: 
a narrative review

Yoann Elmaleh1 , Yassine Moussali1,2 , Richard Boyer2

1Quincy Anaesthesia, Ramsay Santé, Claude Galien Private Hospital, Quincy-sous-Sénart, France 
2HoopCare US

ABSTRACT

Background: Preoperative assessment and optimization are pivotal for complex surgical patients, yet traditional scores and clinician-driven 
workflows may miss subtle risk interactions and modifiable factors. Artificial intelligence (AI), especially machine learning (ML), can leverage 
large-scale electronic health record (EHR) data to improve risk stratification and support targeted optimization strategies. 

Methods: We conducted a narrative review focusing on practical, clinically actionable AI applications in preoperative assessment and 
optimization, emphasizing recent advances and implementation considerations for high-risk surgical patients. 

Results: ML-based preoperative risk models can outperform conventional calculators, exemplified by a gradient-boosted decision-tree 
model trained on >1.4 million surgical cases that achieved an AUROC of 0.95 for 30-day mortality and exceeded NSQIP performance, with 
prospective real-world deployment. Automated frailty phenotyping from structured preoperative EHR data (demographics, ASA/acuity, ICD-
10/CCS diagnoses, and routine labs) has also been externally validated in older adults and shows strong stepwise associations with adverse 
outcomes. AI additionally supports preoperative optimization by identifying actionable targets such as anemia risk (supporting early iron/EPO 
pathways), penicillin allergy delabeling opportunities, and improved detection of risky alcohol use via natural language processing of clinical 
notes. Successful clinical impact depends on workflow integration, interpretability, and attention to privacy, bias, regulation, and prospective 
evidence. 

Conclusions: AI-enabled preoperative assessment can enhance identification of high-risk patients and systematically surface modifiable 
factors for optimization, with early evidence of improved predictive performance and feasible integration into point-of-care workflows. Future 
work should prioritize robust external validation across diverse populations, implementation studies demonstrating patient-centered benefit, 
and governance frameworks ensuring safety, fairness, and clinician trust.

Keywords: Artificial intelligence, management, optimization, preoperative assessment, prediction
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of high-risk surgical patients, aimes to highlight 

recent advances within the last 7 years, practical 

applications, and future directions. We focus on how 

AI-driven approaches may augment the preoperative 

clinic functions in identifying patient risk profiles, 

recommending optimization strategies, and ultimately 

improving surgical and operational outcomes.

Traditional challenges in identifying high-risk 
preoperative assessment

Complex surgical patients (such as elderly, frail and 

individuals with significant comorbid conditions) pose 

challenges in preoperative evaluation. These patients 

are more likely to suffer from complications like cardiac, 

respiratory events, delirium, or infections after surgery. 

Conventional risk assessment tools exist, for example, 

the ASA score, American College of Surgeons NSQIP 

risk calculator and various organ-specific risk indices, 

but they have limitations in accuracy for individual 

patients. They often use a limited number of variables 

and may not capture subtle interactions between 

patient factors. Moreover, identifying all modifiable risk 

factors (including unoptimized medical conditions and 

factors like substance use) can be time-consuming. 

Preoperative optimization clinics have been 

established in many centers to address these 

issues, providing comprehensive assessment and 

interventions before surgery (e.g., anemia correction, 

smoking cessation, medication adjustments). These 

clinics have shown improved surgical outcomes by 

optimizing patients’ conditions, reducing unnecessary 

tests, and minimizing last-minute cancellations (1). 

However, they require significant resources and 

rely on clinicians to accurately identify high-risk 

patients and intervention targets. This is where AI can 

contribute, by automating and refining risk detection 

and ensuring that no important detail is overlooked in 

complex patients.

AI for preoperative risk stratification

One of the more advanced applications of AI in 

perioperative medicine is predictive modeling for 

surgical risk. Machine learning algorithms can 

analyze extensive electronic health record (EHR) 

data to predict which patients are at high risk for 

adverse postoperative outcomes. These models may 

often outperform traditional risk prediction tools in 

accuracy. For example, Mahajan et al. (2) developed 

a preoperative ML model using gradient-boosted 

decision trees on data from over 1.4 million surgical 

cases. This model achieved an area under the ROC 

curve (AUROC) of 0.95 for 30-day mortality prediction 

and significantly outperformed the standard NSQIP 

surgical risk calculator (AUROC margin of 0.048) in 

identifying high-risk patients (2,3) using exclusively 

preoperative data. Notably, the ML model used 

only preoperative variables readily available in the 

EHR and was validated prospectively in clinical 

practice, suggesting it could integrate into real-world 

preoperative workflows to flag patients at risk. The 

authors concluded that such an AI tool may allow 

targeted perioperative interventions and resource 

allocation (e.g., ICU bed planning) to those who need 

it most (2). Similarly, an earlier study by Corey et al. (4) 

termed “Pythia” demonstrated that ML models could 

automatically curate EHR data and identify high-risk 

surgical patients, laying groundwork for subsequent 

AI risk predictors (4,5).

Cardiac & respiratory risk prediction

Specific risk predictions have also been enhanced 

through AI. Cardiac complications and pulmonary 

complications are two major concerns in high-risk 

patients. Modern ML models can incorporate granular 

patient data to predict these events more precisely than 

older scoring systems. For instance, researchers have 

applied ML to forecast postoperative major cardiac 

events (e.g. myocardial infarction) or cerebrovascular 

events, as part of composite risk modeling (2). For 

postoperative pulmonary complications (PPCs), 

numerous AI-driven models have been developed in 

recent years. These include models for general surgery 

patients and specialty-specific ones (such as for lung 

surgery) that use features like patient demographics, 

lung function, imaging results, and even intraoperative 
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data to predict risks of pneumonia, respiratory failure, 

or need for ventilation. Many show high accuracy in 

identifying patients likely to develop PPCs, although 

some still require external validation. 

Shelley et al. (6) note that while machine learning can 

produce powerful risk prediction models, it is crucial to 

choose appropriate endpoints and timing, predicting 

the right complication at a time when an intervention 

is possible, to make these models clinically useful 

(6). In practice, an AI model that flags a patient as 

high-risk for, say, respiratory failure could prompt 

preoperative pulmonary optimization (like inspiratory 

muscle training, bronchodilator therapy) or a decision 

to postoperatively monitor in ICU, thereby preventing 

or better managing the complication.

Frailty assessment

Another particularly important domain for risk 

stratification in complex patients is frailty. Frailty, often 

defined as an age-related decline in physiological 

reserves, is a strong predictor of poor surgical outcomes 

(e.g., mortality, delirium, loss of independence) in 

older adults. Traditional frailty assessments (like 

questionnaires or walking tests) can be subjective 

or time-consuming. AI offers a way to quantify frailty 

from routine data. Bai et al. (7) externally validated an 

AI-based preoperative frailty index derived from EHR 

data on over 150,000 surgical patients ≥65 years old. 

They used structured preoperative EHR data from the 

months before surgery, including demographics (e.g., 

age/sex), clinical acuity/history variables (e.g., ASA 

class, cancer history), and diagnosis information from 

ICD-10 codes grouped into CCS categories. They 

also included commonly available pre-op laboratory 

measurements (e.g., hemoglobin/hematocrit and 

related routine biochemistry). Patients classified in the 

highest frailty tier by the AI had dramatically higher 

odds of 30-day mortality (over 4-fold increase), longer 

hospital stays, and greater chances of discharge to 

nursing facilities compared to the least frail, confirming 

a strong, stepwise association between the AI frailty 

score and outcomes (7). Interestingly, this AI frailty 

index, which compiles dozens of deficit variables 

from the health record, performed as well as or better 

than procedure-specific frailty models, suggesting 

a generalizable tool. This kind of automated frailty 

assessment could alert clinicians to an at-risk elderly 

patient during preoperative clinic visits, prompting 

geriatric co-management or prehabilitation referrals. 

Incorporating frailty via AI thus refines risk stratification 

beyond what age and comorbidities alone convey.

Overall, machine-learning risk models have shown 

impressive capability in predicting a range of 

postoperative adverse events, from mortality to major 

complications. In fact, recent narrative analyses assert 

that ML algorithms are “superior to traditional models for 

predicting postoperative anemia, opioid dependence, 

diabetes complications, and mortality risks,” thereby 

providing more precise risk stratifications which may 

elevate perioperative resource optimization plans 

(1,8). These algorithms can take into account complex 

interactions of variables (laboratory tests, vital trends, 

comorbid conditions, medications, etc.) that static risk 

scores cannot, and lead to more individualized risk 

profiles. The improved accuracy means fewer high-risk 

patients “fly under the radar” and fewer low-risk patients 

are subjected to unnecessary costly interventions, 

a better alignment of perioperative resources with 

patient needs. Importantly, many ML models now 

also incorporate techniques for interpretability (such 

as SHAP - Shapley Additive exPlanations (SHAP) 

is a model-agnostic interpretability framework that 

enables the explanation of predictions from any 

machine learning model, including complex “black-

box” models such as neural networks. values or other 

explainable AI methods) to identify which factors are 

driving a given patient’s risk score. This is critical for 

clinician acceptance: for example, AI might reveal that 

a patient’s poorly controlled COPD, low albumin, and 

high ASA status are the top contributors to predicted 

risk, which aligns with clinical intuition and directs 

what needs to be optimized.

AI applications in preoperative anemia

Preoperative anemia is highly prevalent among 

surgical patients and is consistently associated 
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with increased rates of perioperative transfusion, 

postoperative complications, prolonged hospital 

stay, and mortality. Artificial intelligence–based 

models have recently been developed to improve 

the identification of patients at risk for significant 

postoperative anemia or transfusion requirements, 

enabling earlier and more targeted preoperative 

interventions. Kolin et al. developed machine learning 

predictive models for postoperative anemia and 

blood transfusion in patients undergoing orthopedic 

surgery, using routinely available clinical variables 

such as age, sex, baseline hemoglobin concentration, 

and comorbidities. Their models demonstrated 

strong discriminative performance, with area under 

the receiver operating characteristic curves ranging 

from 0.88 to 0.90 for both postoperative anemia and 

transfusion outcomes (9). Importantly, the identification 

of patients with a predicted probability greater than 

5% for severe postoperative anemia allowed clinicians 

to individualize preoperative management strategies. 

High-risk patients could be directed toward iron 

supplementation, erythropoietin therapy, or proactive 

blood cross-matching, whereas patients classified as 

low risk could safely avoid unnecessary laboratory 

testing or iron treatment. Beyond single-outcome 

prediction, AI-driven decision support systems are 

increasingly capable of integrating longitudinal 

laboratory trends and patient-level clinical data 

to recommend standardized anemia optimization 

pathways within preoperative clinics (1). This approach 

facilitates early detection and treatment of anemia, a 

critical step given that untreated preoperative anemia 

substantially increases exposure to allogeneic blood 

transfusion and its associated risks.

AI application in medication management 

It represents another important domain of preoperative 

optimization where AI has demonstrated significant 

potential. A particularly illustrative example is the 

problem of inaccurate penicillin allergy labeling. A 

substantial proportion of surgical patients carry a 

documented penicillin allergy, which frequently leads 

to the use of second-line perioperative antibiotic 

prophylaxis, such as vancomycin or clindamycin, 

instead of first-line beta-lactams like cefazolin. This 

practice has been associated with higher rates of 

surgical site infections and antimicrobial resistance. 

However, many penicillin allergy labels are outdated, 

imprecise, or reflect non-allergic adverse reactions 

rather than true immunoglobulin E–mediated 

hypersensitivity (10). Artificial intelligence can assist in 

identifying patients suitable for allergy reassessment 

or delabeling. Jiang et al. applied a machine 

learning algorithm to neurosurgical inpatients and 

demonstrated that approximately 22% of recorded 

penicillin allergies were inconsistent with true allergy 

criteria. Their model accurately differentiated allergy 

from intolerance with a reported accuracy of 98%, 

effectively flagging patients eligible for penicillin 

allergy testing and potential delabeling (11,12). When 

integrated into the preoperative workflow, such AI 

systems could automatically

AI applications in preoperative patient optimization 

(Table 1).

Beyond risk prediction, AI is increasingly being used 

to guide and enhance preoperative optimization 

strategies, that is, the process of improving a patient’s 

condition prior to surgery. Once high-risk patients are 

identified, the next step is to mitigate those risks. AI 

tools can assist in several domains.

a) Screen patient histories and prompt clinicians 

with alerts suggesting allergy consultation. This 

would allow a greater proportion of patients to 

receive optimal perioperative antibiotics, thereby 

reducing infection risk and improving antimicrobial 

stewardship. This example highlights how AI can 

systematically interrogate complex electronic health 

records to uncover optimization opportunities that 

might otherwise be overlooked in routine clinical 

practice.

b) Postoperative Analgesia - Artificial intelligence 

has also been widely applied to the prediction and 
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prevention of other postoperative complications 

amenable to preoperative intervention. One important 

area is postoperative opioid use and the risk of 

prolonged opioid dependence. Nair et al. developed 

a machine learning model to predict postoperative 

opioid requirements in patients undergoing ambulatory 

surgery, demonstrating that algorithms such as 

random forest classifiers could reliably identify patients 

likely to require higher analgesic doses (13). Beyond 

immediate postoperative needs, multiple studies have 

shown that preoperative factors—including chronic 

pain syndromes, preoperative opioid exposure, and 

certain psychosocial variables—are strong predictors 

of persistent opioid use after surgery (3). AI-based 

clinical decision support tools could integrate these 

variables and provide automated alerts identifying 

patients at high risk for prolonged opioid use, 

thereby prompting early referral to pain specialists, 

implementation of multimodal analgesia strategies, or 

greater reliance on regional anesthesia techniques. 

c) Diabetic Patient Optimization - Similar approaches 

have been explored for metabolic optimization, 

particularly in patients with diabetes mellitus. Machine 

learning models have demonstrated the ability to 

predict which diabetic patients are at highest risk for 

postoperative complications related to poor glycemic 

Table 1. Representative AI applications in preoperative assessment and optimization

Study / domain Population / 
setting

Data inputs (preop unless 
stated) Model / approach Outcome(s) Performance / key 

result
Validation / 
implementation

Preop clinic 
“actionability”

Mahajan et 
al – global risk 
stratification

>1.4M surgical 
cases

“Only preoperative variables 
readily available in the EHR”

Gradient-boosted 
decision trees

30-day mortality AUROC 0.95; 
outperformed NSQIP 
(ΔAUROC 0.048)

Prospective, 
point-of-care 
deployment

Earlier flagging for ICU 
planning, monitoring, 
specialty consults

Corey et al 
(“Pythia”) – 
automated risk 
identification

Surgical 
patients (EHR-
curated)

Automatically curated EHR 
features

ML risk models 
(“Pythia”)

High-risk patient 
identification

Foundational 
demonstration of 
automated EHR 
curation for risk 
prediction

Validated 
models; informs 
later tools

Automated preop 
triage; reduces manual 
data extraction burden

Bai et al – frailty 
phenotyping

≥65 years; 
>150k surgical 
patients

Demographics; ASA/acuity 
& history (e.g., cancer); ICD-
10→CCS; routine labs (Hb/Ht, 
biochem)

AI-based frailty 
index

Mortality, LOS, 
discharge 
disposition

Highest frailty tier: 
>4× odds of 30-day 
mortality; stepwise 
worse outcomes

External 
validation

Routes frail patients 
to geriatric co-
management / prehab

Shelley et al – 
clinical utility 
framing

Commentary / 
periop risk

Emphasizes endpoint choice 
and timing

— — Predict the “right” 
endpoint when 
intervention is possible

— Helps select 
deployable preop 
targets (e.g., PPC 
prevention)

Kolin et al 
– anemia / 
transfusion risk

Orthopedic 
surgery (TKA)

Routine clinical variables 
(age/sex, baseline Hb, 
comorbidities)

ML predictive 
models

Postop anemia; 
transfusion

AUROC 

 0.88–0.90

Retrospective 
modeling

Triggers iron/EPO, 
crossmatch planning; 
avoids low-yield 
testing

Jiang et al – 
penicillin allergy 
delabeling

Neurosurgical 
inpatients

EHR allergy history patterns ML classifier True allergy vs 
intolerance

22% labels 
inconsistent; reported 
accuracy 98%

Feasibility study Prompts allergy 
consult/testing → 
better prophylaxis 
choices

Vydiswaran et 
al – risky alcohol 
detection

Preop patients 
(notes-based)

Unstructured preop clinical 
notes

NLP Risky alcohol 
use

Detected 87% vs 29% 
with ICD codes

Retrospective 
NLP study

Earlier counseling, 
prophylaxis for 
withdrawal/delirium

Bishara et 
al – delirium 
prediction

Surgical 
patients

Preop EHR data ML Postop delirium (Performance not 
detailed in current 
draft excerpt)

Published 
model

Preop geriatric 
pathway, medication 
review, non-pharm 
bundles

Nair et al – opioid 
needs prediction

Ambulatory 
surgery

Preop factors ML (e.g., RF 
classifiers)

Postop opioid 
requirement

(Performance not 
detailed in current 
draft excerpt)

Published 
model

Guides multimodal 
analgesia, RA strategy, 
pain referral

Workflow 
integration 
(implementation 
principle)

Preop clinic 
/ EHR

Risk scores + interpretability 
+ prompts

Decision support 
integration

Action uptake Needs seamless 
EHR integration + 
interpretable outputs

Real-world 
integration 
described for 
Mahajan model

Turns predictions into 
consults, optimization 
checklists, scheduling
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control, such as surgical site infections or delayed 

wound healing. These predictions can guide intensified 

preoperative glycemic optimization, endocrine 

consultation, and individualized perioperative glucose 

management strategies (1).

d) Smoking Cessation & Life-style Optimization - 

Lifestyle-related risk factors represent another critical 

but frequently under-recognized component of 

preoperative assessment. Smoking and hazardous 

alcohol consumption are both independently 

associated with increased perioperative morbidity, 

including pulmonary complications, wound infections, 

delirium, and prolonged hospitalization. Artificial 

intelligence applications in this domain increasingly 

rely on conversational agents and natural language 

processing. Emerging evidence suggests that AI-

powered chatbots or automated messaging platforms 

can engage patients in smoking cessation counseling 

tailored to the preoperative timeline, reinforcing 

behavioral change during a period when patients 

may be particularly receptive to intervention (1). Large 

language models, including tools such as ChatGPT, 

have also been explored as adjuncts for answering 

patient questions and providing personalized health 

education prior to surgery. With respect to alcohol use, 

Vinod Vydiswaran et al. demonstrated the power of 

natural language processing applied to preoperative 

clinical notes to detect risky alcohol consumption. In 

their study, NLP algorithms identified 87% of patients 

consuming more than two alcoholic drinks per day, 

compared with only 29% identified using conventional 

ICD diagnostic codes, effectively tripling detection 

rates (14,15). This finding underscores the ability of 

AI to extract clinically meaningful information from 

unstructured text that is often missed by structured 

data fields. Early identification of hazardous alcohol use 

allows clinicians to initiate preoperative interventions 

such as counseling, vitamin supplementation, or 

withdrawal prophylaxis, thereby reducing the risk of 

postoperative delirium, withdrawal syndromes, and 

ICU admission.

e) Perioperative Patient Education - Finally, artificial 

intelligence is beginning to play a role in patient 

education and engagement during the preoperative 

period. Adequate preparation of patients—both 

physically and psychologically—is essential for 

optimizing surgical outcomes. Conversational AI 

platforms can provide individualized education about 

planned procedures, perioperative expectations, 

and recovery pathways, while also reinforcing key 

instructions such as fasting requirements, medication 

adjustments, and prehabilitation exercises. Early 

reports suggest that these tools may improve patient 

comprehension, satisfaction, and anxiety levels. 

Jones et al. describe how AI systems, including large 

language models, have been piloted to enhance 

preoperative education and support behavioral 

interventions such as smoking cessation (1). 

Although these applications remain in early stages 

of implementation, they hold promise for extending 

the reach of preoperative optimization beyond the 

clinic visit and providing continuous, scalable patient 

support.

Integration into clinical workflow

For AI to truly improve preoperative care of 

complicated patients, it must integrate seamlessly 

into existing workflows. This means turning predictive 

insights into actionable clinical steps. Some leading 

medical centers have begun integrating ML risk scores 

into preoperative clinic software or the electronic 

record. For instance, the model by Mahajan et al. was 

deployed at the point of care in a prospective trial, 

meaning that when a patient was seen preoperatively, 

the system generated a risk score in the background 

and identified high-risk patients to clinicians (2). 

Such integration allowed the care team to “optimize 

perioperative care” by, for example, scheduling a 

high-risk patient for closer intraoperative monitoring, 

ICU admission post-op, or preemptive specialist 

consultations. Another domain of integration is 

scheduling and resource allocation: AI algorithms 

can help prioritize which patients should be seen in 

specialized pre-op clinics (e.g., a frail patient flagged 
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by an EHR-based frailty index might be routed to a 

multidisciplinary geriatric optimization program pre-

surgery).

To facilitate adoption, AI outputs should be presented 

in a user-friendly, interpretable manner. Clinicians are 

more likely to trust and use an AI risk tool if it explains 

its reasoning (e.g., listing key risk factors contributing 

to a high risk score) and if it links to suggested actions 

(like “consider cardiology evaluation” or “optimize 

nutrition”). There are also efforts to incorporate AI-

based checklists that automatically pull patient data 

and highlight gaps in optimization (for example: 

“Patient has Hgb 10 g/dL, anemia protocol 

recommended” or “BMI > 40, evaluate for weight 

loss program prior to elective bariatric surgery”). By 

acting as an ever-vigilant assistant, AI can ensure 

complex patients receive thorough evaluation and 

that modifiable issues are addressed systematically.

It’s worth noting that AI doesn’t act alone, but 

rather augments the clinician. The perioperative 

team (surgeons, anesthesiologists, internists) still 

makes the final decisions and engages patients in 

optimization strategies. AI’s role is to provide a more 

informed foundation: identifying the silent risk factors, 

quantifying risk severity, and even predicting which 

interventions might yield the most benefit. In complex 

patients who often have numerous issues, this helps 

prioritize efforts on what will most improve surgical 

readiness and outcomes (16,17).

Challenges and future perspectives

While the promise of AI in preoperative assessment is 

great, there are important challenges and limitations 

to acknowledge.

Despite the growing enthusiasm surrounding artificial 

intelligence in perioperative medicine, several 

important challenges must be addressed before 

widespread clinical implementation in preoperative 

assessment and optimization can be achieved. 

Data privacy and security - One of the foremost 

concerns relates to data privacy and security. Most 

AI models rely on large-scale datasets extracted 

from electronic health records, which contain highly 

sensitive personal and medical information. Ensuring 

patient privacy is therefore paramount, and AI 

systems must be developed and deployed in strict 

compliance with data protection regulations. Beyond 

regulatory compliance, the use of personal health 

data for algorithm training raises broader ethical 

concerns, particularly regarding secondary data use 

and long-term data storage. Robust anonymization 

techniques, secure data infrastructures, and advanced 

cybersecurity measures are essential to maintain 

institutional and patient trust in AI-driven clinical tools.

Amplification of Bias - Another major challenge is 

algorithmic bias and fairness. Machine learning 

models are inherently dependent on the data used 

for their training and may inadvertently reproduce or 

amplify existing biases present in historical healthcare 

data. For instance, if certain patient populations—such 

as women, ethnic minorities, or socioeconomically 

disadvantaged groups—have historically experienced 

poorer outcomes due to unequal access to care or 

systemic disparities, a naïvely trained algorithm 

may incorrectly assign higher risk to these groups 

and perpetuate inequities. This underscores the 

necessity of validating AI models across diverse 

populations and healthcare settings. Risk prediction 

tools must be carefully audited to ensure that they 

do not disproportionately penalize patients based 

on non-modifiable characteristics such as race or 

socioeconomic status. Ongoing efforts to improve 

fairness through bias detection, model recalibration, 

and transparent reporting are critical to the ethical 

adoption of AI in perioperative care.

Clinical skepticism and concerns about workflow 

disruption also represent significant barriers to 

adoption. Many clinicians remain cautious about 

integrating AI into routine practice, particularly when 

algorithms function as “black boxes” with limited 

interpretability. Fear of over-reliance on automated 

systems and erosion of clinical judgment is common. 

To address these concerns, developers increasingly 
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emphasize explainable AI approaches that provide 

clinicians with insight into how predictions are 

generated and which variables contribute most 

strongly to risk estimates. User-centered design and 

seamless integration into existing electronic health 

record workflows are equally important. Early success 

stories, such as AI tools that demonstrably prevent 

complications or reduce healthcare costs, may help 

build confidence among clinicians. Equally crucial is 

structured training for perioperative teams, enabling 

them to interpret AI outputs appropriately and to 

view these tools as decision-support systems rather 

than decision-makers. Demonstrating that AI can 

reduce cognitive burden and save time by automating 

repetitive aspects of risk assessment will likely be key 

to broader acceptance among busy clinicians.

Regulatory and legal considerations further 

complicate the implementation of AI in preoperative 

medicine. When AI systems provide patient-specific 

recommendations, questions inevitably arise 

regarding responsibility and liability in the event of 

an adverse outcome. Regulatory agencies, including 

the U.S. Food and Drug Administration and their 

international counterparts, are beginning to develop 

frameworks for evaluating and approving clinical AI 

tools. At present, most AI applications in preoperative 

assessment are positioned as advisory systems, 

with ultimate responsibility remaining firmly with the 

clinician. However, as models become increasingly 

autonomous and adaptive, clearer regulatory oversight 

and legal frameworks will be required. Establishing 

transparent standards for validation, monitoring, and 

accountability will be essential to ensure patient safety 

and clinician protection.

Finally, there remains a substantial need for prospective 

evidence. Although many AI models in perioperative 

medicine have demonstrated impressive performance 

in retrospective and observational studies, relatively 

few have been evaluated in prospective trials or real-

world implementation studies. Future research should 

prioritize assessing whether AI-driven preoperative 

assessment and optimization strategies translate 

into meaningful improvements in patient-centered 

outcomes, such as reduced complication rates, shorter 

hospital stays, or decreased ICU utilization, as well as 

demonstrating cost-effectiveness. Encouraging early 

data exist, including the prospective validation of 

large-scale risk prediction models such as the UPMC 

preoperative risk model described by Mahajan et al., 

but broader evidence is needed to firmly establish the 

clinical value of these tools. Ongoing research should 

also focus on continuous model refinement using 

updated data and on defining optimal strategies for 

integrating AI recommendations into standardized 

preoperative clinical pathways, potentially through 

guidelines that incorporate AI-based risk stratification.

Despite these challenges, the trajectory is clearly 

toward greater AI involvement. The future likely 

holds increasingly sophisticated AI systems that can 

aggregate data from multiple sources (EHR, wearable 

devices, genomics, etc.) for a 360-degree preoperative 

assessment. These might even simulate outcomes 

under different scenarios, for example, predicting “if 

we improve this patient’s pulmonary function by X, the 

risk of complication drops by Y%,” thus guiding specific 

optimization interventions quantitatively. Furthermore, 

AI might help in surgical decision-making, identifying 

patients who are at the highest risk for a procedure 

and therefore alternatives to be made available. By 

continuously learning from each surgical outcome, AI 

systems can become smarter and more personalized 

over time (18).

Conclusion

Artificial intelligence is poised to become an invaluable 

ally in the preoperative assessment and optimization 

of complicated surgical patients. By leveraging vast 

datasets and advanced algorithms, AI can enhance 

risk stratification, identify high-risk patients with 

greater accuracy and granularity than traditional 

methods. It can also aid in focusing and addressing 

modifiable risk factors through innovative applications 

like NLP-driven substance use detection, predictive 

models for complications, and decision support for 
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optimization interventions (anemia management, 

allergy delabeling, etc.). For intensive care and 

perioperative professionals, these technologies offer 

the potential to improve patient outcomes: fewer 

complications, more efficient use of ICU resources, 

and tailored perioperative care plans. Early studies 

and implementations have shown promising results, 

such as improved predictive performance (2) and 

successful identification of hidden risk factors 

(14,19,20). Nevertheless, integrating AI into routine 

practice requires careful attention to ethics, bias, 

and user adoption. As we continue to validate 

these tools in diverse patient populations and refine 

their integration into clinical workflows, AI-driven 

preoperative assessment could markedly enhance 

the safety and effectiveness of surgery for our most 

vulnerable patients. 

In summary, the collaboration of human clinical 

expertise with machine intelligence stands to optimize 

perioperative care, enabling precision medicine 

in surgical risk assessment and preparation. With 

ongoing research and responsible implementation, 

AI’s full potential in perioperative medicine may 

transform how we evaluate and optimize complex 

surgical patients for the better.
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Introduction

Paroxysmal sympathetic hyperactivity (PSH) is a 

syndrome first identified in 1954 and characterized 

by episodes of sympathetic discharges, after an 

acute brain injury either traumatic or non-traumatic 

(1-4). During this sympathetic discharge episodes; 

tachycardia, transient fever (hyperthermia), arterial 

hypertension, tachypnea, diaphoresis, dystonia and 

posturing (extensor or flexor) may occur spontaneously 

or after a non-painful stimulus (such as endo-tracheal 

tube suctioning or passive body positioning) (1,3). PSH 

is frequently seen in critically ill patients on intensive 

care units (ICU), with acquired brain injury including 

traumatic brain injury (80%), hypoxic- ischemic 

encephalopathy (10%), autoimmune encephalitis 

associated with N-methyl-D-aspartate receptor 

antibodies, stroke (mainly hemorrhagic), tumors, 

cerebrovascular accidents, cerebral fat embolism and 

infectious diseases such as tuberculous meningitis 

and usually observed when the patient is started 

neurological rehabilitation (1-3,5-8).

PSH has been well known for many decades 

and recognizing this syndrome is very important 

due to its clinical burden such as longer stay 

in the ICU, infections, increased morbidity and 

lengthening of the rehabilitation process (1,9). Even 

though PSH is clinically very important; there were 

misunderstandings regarding the nomenclature, 

definition and the diagnostic criteria of this syndrome 

(1,9,10). Therefore, a committee came together in 2014 
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ABSTRACT

Paroxysmal sympathetic hyperactivity syndrome (PSH) is a rarely diagnosed syndrome associated with acute brain injury which 
involves traumatic brain injury, stroke, infectious diseases, and encephalopathy, and results in cyclic episodes of sympathetic and motor 
hyperactivity (hypertension, tachypnea, hyperthermia, diaphoresis, dystonic posturing). Even though there are some theories regarding the 
pathophysiology of PSH, the main mechanism still remains unclear. However, it is mostly agreed upon that PSH is caused by an unbalanced 
activation of the autonomic nervous system caused by the loss of inhibition of excitation in the sympathetic nervous system. Although PSH 
has been well known for many decades there were misunderstandings regarding the nomenclature and the definition of this syndrome. The 
term “Paroxysmal Sympathetic Hyperactivity and a diagnostic tool consisted of two different components and named PSH-Assessment 
Measure (PSH-AM),” was developed to help guiding clinical management in 2014. These components are the diagnostic likelihood tool 
and the clinical features scale. To diagnose this syndrome first other neurological issues should be ruled out. Once diagnosed in order to 
treat and avoid secondary brain damage and other adverse outcomes of this syndrome an approach of both pharmacological (such as 
opioids, B-blockers, alfa2 agonists, benzodiazepines, gabapentin and muscle relaxants) and nonpharmacological should be combined. 
Pharmacological approach focuses on symptom abortion, prevention and refractory treatment.
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in order to develop a definition and set the diagnostic 

criteria for the syndrome. So the term “Paroxysmal 

Sympathetic Hyperactivity” was developed to identify 

the clinical state seen after severe acquired brain 

injury of any cause, and resulted in simultaneous 

paroxysmal transient increases in sympathetic and 

motor activity (1,3,9,10). 

Epidemiology and Risk Factors of PSH

The worldwide yearly incidence of  traumatic 

brain injury (TBI) is 69 million cases (11). While the 

prevalence of PSH after non-traumatic brain injuries 

is only 6%; the prevalence of PSH is shown to be 

between 7,7%- 33% of patients after severe traumatic 

brain injury, although the real incidence is thought to 

be much higher (2,4-6,10). Some of the risk factors 

for PSH include; male gender, young age, early 

onset of hyperthermia, GCS score, tracheostomy, the 

degree of diffuse axonal injury, mid-brain and pontine 

lesions, the cause and the severity of the brain injury 

(mostly after traumatic brain injury(79,4%), hypoxic 

encephalopathy and stroke (3-5,12-14).

Pathophysiology of PSH

Basically PSH is thought to be caused by the 

imbalance of the autonomic nervous system (ANS) 

(4). After damage to the brain ANS activation leads to 

immediate inflammation and metabolic response. This 

response results in the core sympathetic symptoms 

of PSH if the parasympathetic mechanisms cannot 

compensate (6). However, the main pathophysiologic 

mechanisms behind PSH, even though there are some 

theories, still remains unclear. These theories are the 

disconnection theory, excitatory/inhibitory ratio (EIR) 

model, the neuroendocrine dysregulation theory and 

the neutrophil extracellular traps theory (2,12). 

Disconnection theory (Figure 1) supports a 

disconnection related to focal or diffuse brain damage, 

either anatomical or functional, between cortical 

inhibitory centers; which are the hippocampus, 

insular cortex, cingulate cortex, middle temporal 

cortex, amygdala, basal ganglia and the dorsolateral 

prefrontal cortex and the sympathetic centers which 

are; the hypothalamus, brain stem and mesencephalon 

(2,3,6,10,12). When there is a disconnection, losing the 

cortical inhibition results in an inflated sympathetic 

response to normally non-painful stimuli. However the 

problem with this model is that it does not explain the 

episodic nature of this syndrome (2). 

Excitatory/inhibitory ratio model (Figure 2) helps 

explain the hypersensitivity of the reactions and the 

episodic nature of PSH (5,12). This theory, being 

the mostly agreed upon, supports an unbalanced 

relationship between inhibitory (brainstem and 

diencephalon) and the excitatory (spinal cord) 

pathways. In first place we witness the loss of 

descending inhibition which leads to excitation of the 

spinal circuits against non-painful stimuli resulting 

in hyperactive sympathetic responses (2,6,10,12). 

Other mechanisms try to compensate for the loss of 

inhibitory control, but they contain partial recovery of 

the descending pathways, and an increase in gamma-

aminobutyric acid levels. Because these mechanisms 

are episodic in nature we can explain the paroxysmal 

characteristic of PSH (2). 

Figure 1. Schematic representation of disconnection theory
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Neuroendocrine dysregulation theory refers to a 

dysfunction in the hypothalamic–pituitary–adrenal 

(HPA) axis. PSH causes overactivation of HPA axis 

resulting in an uncontrolled adrenergic outflow which in 

turn leads to an increased amount of catecholamines in 

the circulation (2,3). During the sympathetic discharge 

episodes blood levels of epinephrine, norepinephrine, 

dopamine and adrenocorticotropic hormone (nearly 

40%) rises significantly, favoring the involvement of 

neuroendocrine system in the pathophysiology of 

PSH (2,12). 

Neutrophil extracellular traps (NETs) theory explains 

the infiltration of paraventricular nucleus with 

neutrophils after TBI. The release of NETs leads 

to microglial activation and interleukin 1 B release 

resulting in sympathetic activation and a change 

in neurotransmitter levels (15). Cerebral contusion, 

brain edema, cerebral ischemia may also result in the 

release of excitatory amino acids at a cellular level 

intensifying the development of PSH (12).

Diagnosing PSH

In order to diagnose PSH, like all other syndromes, 

first one must have a strong degree of suspicion. 

First step of diagnosing PSH is excluding all the 

other causes of the symptoms such as sepsis, 

pulmonary embolism, epilepsy or hypoxic brain 

(1,2,6,10). As mentioned above these findings of 

sympathetic hyperactivity episodes are tachycardia, 

hypertension, hyperthermia, sweating, tachypnea, 

posturing (2,5,6,9,10). Moreover some of the less 

frequent symptoms are mydriatic pupils, altered 

consciousness, bowel disorders, alterations in blood 

glucose levels, increased bronchial secretions 

and hypersalivation, desynchrony with mechanical 

ventilator, excitation and horripilation (2,5,6). The 

duration of these episodes may vary between minutes, 

hours, and in severe cases it may occur a few times 

in a day. They may even become continuous in 

refractory cases (4). Because these symptoms may 

overlap with other TBI related pathological outcomes 

such as; seizures, sepsis, embolism, neuroleptic 

malignant syndrome, central fever, traumatic pain, 

different brain injuries, sedation withdrawal, hypoxia, 

rhabdomyolysis, and dehydration diagnosing 

PSH is often delayed or misdiagnosed resulting in 

complications in the management of the case (1,3,4). 

There is also another entity resembling paroxysmal 

sympathetic hyperactivity in nomenclature and that 

is autonomic dysreflexia. Autonomic dysreflexia 

patients have episodes of hypertension  after a high 

spinal cord (above the level of thoracal 6 vertebra) 

injury, however they are usually bradycardic as a 

reflex response to hypertension, and they often have 

debilitating headaches; differentiating this syndrome 

from PSH (16-20).

Diagnosing PSH as early as possible has great 

importance because delayed recognition may 

result in unnecessary work-up and inappropriate 

use of medications may prolong hospitalization. 

Uncontrolled symptoms can lead to secondary brain 

injury caused by hypertension, hyperthermia and 

cardiac damage. It should also be kept in mind that 

Figure 2. Schematic representation of excitatory / inhibitory 
ratio theory
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these other pathologies may coexist and even trigger 

episodes of PSH (4).

Therefore the intensivist should keep the possibility of 

PSH in mind, especially when the patient is coming 

out of a coma or when the patient is weaned from 

sedatives (4,10).

Neuro-imaging techniques like computerized 

tomography (for acute phase) and magnetic resonance 

images (in stable patients) are helpful to identify the 

anatomical place and the morphological structure of 

the injury and as in a case report from the literature, 

they often show diffuse axonal injury (3,6,10,12,21). 

Aside from these techniques, dysconnectivity in 

white matter; especially on the right posterior internal 

capsule, corpus callosum and the splenium shown 

on diffusion tensor imagings are associated with the 

early stages of PSH (2).

Even though there is no specific biomarker for PSH 

a study by Fernandez et al showed that plasma 

catecholamine (and to a lesser extend adrenocortical 

hormone) levels increased during the episodes 

of PSH (22). Moreover another study showed that 

procalcitonin levels can be used to differentiate 

between infectious pathologies and PSH (23).

A diagnostic tool named Paroxysmal Sympathetic 

Hyperactivity - Assessment Measure which consisted 

of two different components, was developed in 

order to help guiding the clinical management 

and to standardize the diagnostic criteria. One of 

the components, referring to the possibility of the 

diagnosis, is a diagnosis likelihood tool (DLT) (Table 1) 

derived from 11 characteristics of this syndrome, and 

the other one, evaluating the severity and intensity 

of the symptoms in each hyperactivity episode, is a 

clinical feature scale (CFS) (Table 2) (1,3,9). The DLT 

evaluates 11 main items with the presence of each 

scored as one point and absences are scored as zero. 

If the symptoms persist for three consecutive days, the 

diagnosis of PSH is more probable. Data to evaluate 

six main symptoms CFS is used. CFS has a value 

range between zero and three.  A combined score of 

DLT and CFS gives us the Paroxysmal Sympathetic 

Hyperactivity Assessment Measure (PSH-AM) 

(Table 3). If the score is < 8 points the diagnosis is 

unlikely, if it is between 8-16 points the diagnosis is 

possible and if the score is > 17 points the diagnosis 

is probable (1,2,9).

Treatment Modalities in PSH

Treating PSH is challenging due to the lack of 

guidelines and the complicated etiology of the 

syndrome. That is why the treatment modalities mostly 

focus on controlling the symptoms and the episodes 

(2,4).

Treatment approach should include adequate 

sedation, analgesia and muscle relaxation. However, 

the clinician must be ready to treatment related 

scenarios like prolonged mechanical ventilation 

support and a delay in neurological rehabilitation 

Table 1. Diagnostic likelihood tool (1 point for each feature)
Clinical features occur simultaneously 1 point
Episodes are paroxysmal in nature 1 point
Sympathetic over – reactivity to normally non-painful stimuli 1 point
Features persist > 3 consecutive days 1 point
Features persist > 2 weeks post brain injury 1 point
Features persist despite treatment of alternative differential diagnosis 1 point
Medication administered to decrease sympathetic features 1 point
> 2 episodes daily 1 point
Absence of parasympathetic features during episodes 1 point
Absence of other presumed cause of features 1 point
Antecedent acquired brain injury 1 point
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of the patient (3). Moreover, while treating PSH the 

possibility of multisystem organ dysfunction must 

also be considered and possible adverse events like 

cardiac hypertrophy, muscle wasting and dehydration 

must also be treated. We must also make sure that 

the patient is receiving enough calories and water- 

electrolyte levels are balanced (6,10). In order to treat 

this syndrome, an approach of both pharmacological 

and nonpharmacological should be combined (4).

Pharmacological Treatment 

Medical treatments include a diversity of drug groups, 

each affecting or preventing different symptoms. 

Opioids, beta-blockers, dopamine agonists, alfa2 

agonists (clonidine, dexmedetomidine), GABAergic 

agents, benzodiazepines, gabapentin, baclofen 

(can be given either enterally or intrathecal) and 

muscle relaxants are mostly used (1,3,4,10).  

Pharmacological approach focuses on three steps: 

symptom avoidance, prevention and refractory 

treatment. Symptom abortive medications should be 

administered as soon as the episodes are identified 

they focus on stopping the paroxysmal episodes (2). 

They have a rapid onset of action and a short half-life; 

for example, use of antipyretics to treat hyperthermia, 

sedatives for agitation, muscle relaxants to relieve 

spasticity and postures, and antihypertensive 

agents for hypertension. Morphine and short acting 

benzodiazepines are considered first line treatment 

(2,4).

Preventive medications aim to control the episodes 

and to reduce their frequency as well as severity, 

in order to avoid any arrhythmia, cardiac overload, 

dehydration, and loss of muscle mass. This approach 

includes the usage of non-selective beta-blockers, alfa 

2 agonists bromocriptine, baclofen, gabapentin and 

long-acting benzodiazepines. Among these drugs, 

Propranolol a non-selective B-blocker has shown to 

reduce mortality rates when given 20-60mg doses in 

every 4-6 hours. Besides its cardiovascular effects, 

propranolol also helps lower the body temperature. 

Furthermore, dexmedetomidine, an alpha-2 agonist, 

can be administered as an intravenous infusion 

at a rate of 0.2–0.7 mcg/kg/h to provide sedation 

and analgesia, regardless of whether the patient is 

receiving ventilatory support or not. It is also preferred 

on TBI patients to prevent PSH (2,4). 

Refractory treatment modalities aim to avoid 

secondary brain damage from hypertension, 

hyperthermia and cardiac damage. During the 

refractory period continues or bolus intravenous 

medications likes propofol, benzodiazepines, opioids 

or dexmedetomidine can be used. Also, intrathecal 

baclofen use may also be considered in some 

refractory cases in which posturing episodes persist. 

Dantrolene, a ryanodine receptor antagonist may also 

be used for posturing during the refractory period, but 

with close monitorization of liver function tests (3,4,6).

Because there is no treatment guideline, centers can 

prepare their own PSH treatment protocols according 

to clinical presentations of PSH (3,4). Besides, we can 

Table 3. Paroxysmal sympathetic hyperactivity – assessment 
measure (PSH-AM)
Unlikely <8 points
Possible 8-16 points
Probable >17 points

Table 2. Clinical feature scale
0 1 2 3

Heart Rate <100/per minute 100-119/per minute 120-139/per minute >140/per minute
Respiratory Rate <18/ per minute 18-23/per minute 24-29/per minute >30/per minute
Systolic Blood Pressure <140 mmHg 140-159 mmHg 160-179 mmHg >180 mmHg
Temperature <37oC 37oC-37.9oC 38oC-38.9oC >39oC
Sweating Nil Mild Moderate Severe
Posturing During Episodes Nil Mild Moderate Severe 
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also use the PSH-AM scores to combine treatment 

modalities. For patients with a score of <8 points 

only the dominant symptoms might be targeted, 

whereas for patients with a score of 8-16 points 

both symptomatic and preventive modalities might 

be used. Patients with a score of >17 points might 

need symptomatic, preventive treatment as well as 

baclofen, gabapentin and even dantrolene (6).

Non-pharmacological treatment

As mentioned above, the treatment of PSH 

should include both pharmacological and non-

pharmacological approaches. Non-pharmacological 

approach aims to prevent any sympathetic 

hyperactivity episode triggering events, reduce 

sympathetic nervous activity and lighten any adverse 

effects (3).

Avoidance of excessive external stimuli while giving 

daily care, and controlling room temperature are of 

major importance (3,5).

During ICU management of patients with PSH it must 

be taken into account that energy consumption of 

these patients are increased during the episodes, 

therefore their caloric requirements are also increased 

because of a hyperfunctioning brain (24,25). Close 

monitorization of nutrition and hydration status as 

well as early initiation of enteral nutrition is of crucial 

importance (26).

Physiotherapy must also keep in mind in order to 

extend the motion range and prevent contractile 

postures (3).

Family support and their education are also very 

important for the management of these patients 

because the road to recovery is hard and long. Also, 

Salmani et al showed that family related stimulations 

are more effective than sensory stimulations in order 

to improve consciousness (24,27). 

The relationship of PSH with cerebral hypoxia might 

bring hyperbaric oxygen therapy (HBOT) to mind. 

It was shown in a case series HBOT controlled 

autonomic discharges and posturing episodes in the 

subacute phase of TBI and is a good treatment option 

in refractory PSH with pharmacological therapy (28). 

Moreover, in a study conducted by Wang et al, two 

groups of PSH patients, one received HBOT, and 

the other group did not, were compared. The study 

revealed that the group which had HBOT had lower 

PSH-AM scores, more clear relief of PSH symptoms, 

more awake patients, higher Glasgow Coma Scale 

scores and shorter ICU stay (29).

Clinical Features and Intensive Care Management of 
PSH

Paroxysmal Sympathetic Hyperactivity syndrome is a 

complex disease in which the main symptoms consist 

of paroxysmal episodes of sympathetic and motor 

hyperactivity. Although these main symptoms are 

tachycardia, tachypnea, hypertension, hyperthermia, 

sweating and posturing, it should also be expected 

to see different symptoms in each patient (3). During 

the ICU stay these hyperactivity episodes occur in a 

cyclic pattern. Even though the episodes may occur 

spontaneously, they may also occur after non-painful 

stimuli such as endotracheal tube aspirating, exposure 

to touch or light or physiotherapy (6). 

Another important approach is to remember that 

some of the symptoms might be masked by the 

therapeutic processes of TBI or may overlap with 

other neurological issues related to TBI (3,4). Number 

of symptoms rather than the duration of episodes are 

more indicative as to the severity of the disease. Non-

adequate controlling of these symptoms may result in 

secondary brain damage and therefore leading to a 

poor prognosis (4,6).

The episodes may last a few minutes or as long as 

two hours, and they can even occur several times in 

a day or they may occur continuously in refractory 

cases (3,4). On the other hand the duration of PSH 

may also change between a few weeks and more than 

a year (3).
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PSH occurs in three stages. First one, the hyperacute 

phase usually refers to the first week of admission 

in which the damage to the brain is maximum but 

the patient is usually asymptomatic due to heavy 

sedation, analgesia and neuromuscular blockers (if 

needed) in order to treat TBI and other related injuries. 

This results in a delay in diagnosis unless the patient 

awakens for some reason. The second phase is the 

one in which the patient shows paroxysmal episodes 

of sympathetic and motor discharges. The last phase 

starts when hyperhidrosis ends. During this stage 

declines in posturing episodes are seen. Furthermore, 

this stage represents the rehabilitation phase which 

can last for years but with less frequent and severe 

episodes (6,10).

Figure 3. Diffusion tensor imaging (DTI) and tractography magnetic resonance imaging (MRI) findings of diffuse axonal injury

Axial FLAIR imaging (A) reveals a subtle hyperintense signal in the posterior limb of the right internal capsule (yellow arrow), consistent with chronic changes 
due to diffuse axonal injury. The color-coded fractional anisotropy (FA) map (B) demonstrates focal disruption, reflecting underlying microstructural damage and 
reduced white matter integrity. Tractography (C) reveals a noticeable reduction in the density and continuity of fibers passing through the affected region of the 
internal capsule. The background axial (D) and coronal (E) FLAIR images, combined with corticospinal tract (CST) visualization, confirm that the lesion spatially 
overlaps with the right CST, indicating trauma related degeneration or partial disruption along its trajectory.
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It should also keep in mind that other medical 

conditions related to trauma and intensive care 

treatments may also cause delays in diagnosing PSH, 

as in a case reported by ourselves (21). In this case 

report it was stated that a 26-year-old female suffering 

from TBI was admitted to the ICU with diffuse axonal 

injury and deep coma. Even though she had episodes 

of sympathetic activities at early admission she also 

had other medical problems like sepsis and acute 

hypoxemic respiratory failure at the same time. During 

her stay in the ICU her magnetic resonance images 

showed diffuse axonal injury (Figure 3) and the 

sympathetic symptoms re-occurred while there were 

no other contemporaneous medical problems. Since 

PSH-AM was applied. Her CFS was 13, DLT was 9 and 

she had a total PSH-AM score of 22 and diagnosed 

with PSH. The diagnostic tool PSH-AM can help the 

clinician diagnose and treat PSH at early stages, if it 

begins to be used from the admission of the patient 

unless there are no other concurrent pathologies.

PSH is often recognized once the intravenous 

sedation infusions are stopped and the patient begins 

to awaken. In the case report mentioned above the 

patient was given metoprolol, gabapentin, tramadol, 

dexmedetomidine, amantadine sulfate, melatonin and 

modafinil as pharmacological treatment to control the 

symptoms (21).

Paroxysmal Sympathetic Hyperactivity syndrome 

is usually associated with poor long-term outcomes 

such as, low level of consciousness and low Glasgow 

Coma Scale scores, longer hospital stays, higher 

dependance to mechanical ventilation, tracheostomy 

indication, and more infectious complications (3,5,30). 

While managing these patients in the ICU it must be 

kept in mind that PSH results in a hypermetabolic 

state which leads to weight loss and dehydration as 

a result of hypercatabolism, heterotopic ossifications, 

inflammation, immunosuppression and infections, all 

of which resulting in excessive interventions, delayed 

rehabilitation, increase in morbidity, longer hospital 

and ICU stays (1-3,6,30). Even though there is no 

consensus on the relationship of PSH and weaning 

from mechanical ventilation, the intensivist should 

also evaluate the effects of PSH on the weaning 

process (2).

Conclusion

Prompt recognition of PSH is essential, because 

delayed diagnosis may result in unnecessary work-

up,  inappropriate use of medications, excessive 

interventions, and prolonged hospitalization. The 

occurrence of PSH after TBI should always be 

suspected especially if the patient is showing episodes 

of sympathetic hyperactivity while being weaned from 

sedative agents. Because PSH is often recognized 

once the intravenous sedation infusions are stopped 

and the patient begins to awaken. In order to treat this 

syndrome an approach of both pharmacological and 

nonpharmacological should be combined. It must be 

kept in mind that uncontrolled symptoms may also 

lead to secondary brain injury caused by hypertension, 

hyperthermia, cardiac damage and even death.
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Introduction

Optic nerve sheath diameter (ONSD) has emerged 

as a promising non-invasive indicator of increased 

intracranial pressure (ICP) in critically ill patients. 

Ultrasonographic assessment of ONSD allows for 

rapid and reliable detection of ICP changes, providing 

an alternative to invasive intracranial monitoring 

techniques. Recent studies have demonstrated that 

ultrasonographic ONSD measurements correlate with 

direct ICP measurements, making it a valuable tool for 

clinical decision-making in neurocritical care settings 

(1-3).

The Glasgow Coma Scale (GCS) is a widely used 

clinical scoring system for assessing consciousness 

and neurological function in patients with brain 

injuries or altered mental status. Several studies have 

reported a significant association between ONSD 

and GCS scores in traumatic brain injury, suggesting 

that patients with lower GCS scores tend to have 

increased ONSD, which may reflect elevated ICP 

(4,5). This relationship highlights the potential utility of 

ONSD measurements as a bedside tool for evaluating 

neurological deterioration in ICU patients.
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ABSTRACT

Objective: Optic nerve sheath diameter (ONSD) has been increasingly recognized as a non-invasive surrogate marker for intracranial 
pressure (ICP) in critically ill patients. The Glasgow Coma Scale (GCS) is a widely used tool for assessing neurological status. However, 
the relationship between GCS and ONSD in intensive care unit (ICU) patients remains underexplored. This study aimed to investigate the 
association between ONSD and GCS scores in ICU patients, while also evaluating the impact of positive end-expiratory pressure (PEEP) on 
ONSD measurements.

Methods: This prospective observational study included 66 ICU patients. ONSD measurements were obtained using ultrasonography at 24 
and 48–72 hours after ICU admission. Patients were categorized into three groups based on GCS scores (3–7, 8–11, 12–15). The effect of 
PEEP and other clinical parameters on ONSD was analyzed using linear mixed models, with a significance level of p < 0.05.

Results: ONSD was significantly higher in patients with lower GCS scores (p < 0.001). Additionally, PEEP application was strongly associated 
with increased ONSD (p < 0.001), whereas other factors such as mean arterial pressure, heart rate, and sepsis status did not show significant 
effects.

Conclusion: ONSD is significantly associated with GCS scores, supporting its role as a non-invasive marker of neurological deterioration. 
The influence of PEEP on ONSD suggests a potential impact of mechanical ventilation on ICP dynamics, warranting further investigation.
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Despite the growing body of literature on ONSD and 

its clinical implications, further research is needed 

to explore its correlation with various physiological 

parameters in critically ill patients. In particular, 

factors such as mechanical ventilation, sepsis, and 

comorbidities may influence ONSD measurements, 

warranting a more comprehensive analysis of its 

diagnostic value (3).

This study aims to investigate the relationship between 

ONSD and GCS scores in ICU patients while also 

assessing the impact of key clinical factors, including 

mechanical ventilation settings, hemodynamic 

parameters, and comorbidities. By examining these 

associations, we aim to determine the potential role 

of ONSD as a non-invasive biomarker for neurological 

monitoring and patient prognosis in intensive care 

settings.

Methodology

Ethical considerations

The study was conducted in accordance with the 

Declaration of Helsinki and ethical approval was 

obtained from the institutional ethics committee 

(IRB Number: 2020.12.208). Informed consent was 

obtained from all patients or their legal representatives 

before participation.

Study design and patient selection

This prospective observational study included adult 

patients (≥18 years old) who were admitted to the 

intensive care unit (ICU) for various reasons and 

received treatment between January 2021 and April 

2021.

Inclusion and exclusion criteria

Patients were included if they were ≥18 years old and 

had a hospital stay of at least 24 hours. The exclusion 

criteria were:

•	Age <18 or >75 years,

•	Hospital stay <24 hours,

•	Presence of conditions that could increase 
intracranial pressure, such as intracranial mass 
lesions or intracranial hemorrhage, (Patients 
with acute intracranial hemorrhage requiring 
neurosurgical intervention were excluded. 
However, patients with stable or chronic 
intracranial hemorrhage were included if no active 
ICP elevation was present.)

•	History of ocular disease, including orbital tumors, 
optic neuritis, glaucoma, hyperthyroidism, or any 
condition affecting optic nerve sheath integrity.

Study hypothesis

The primary hypothesis of this study was that lower 

GCS scores would be associated with higher ONSD 

values in critically ill patients.

Collected data and study parameters

The study recorded the following parameters for each 

patient:

•	Demographic characteristics (age, gender),

•	Body mass index (BMI, kg/m²),

•	 ICU admission indication,

•	Comorbid conditions,

•	Vital parameters,

•	GCS score,

•	Endotracheal intubation status,

•	Ventilation mode and ventilation parameters,

•	ONSD measurements (mm) at 24 hours and 48-
72 hours.
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ONSD measurement procedure

ONSD measurements were performed twice for each 

patient:

1.	Within the first 24 hours of ICU admission,

2.	Between 48-72 hours after admission.

Measurements were obtained using ultrasonography 

by an experienced researcher utilizing a MyLab™Six 

ultrasound system (Esaote SpA, Genoa, Italy) with a 

4–15 MHz linear probe in B-mode. The patient was 

positioned supine with the head elevated at a 20–30° 

angle. A gel was applied to the temporal region of 

the closed eyelid to avoid direct pressure on the eye, 

and the ultrasound probe was gently placed over the 

eyelid (Figure 1a).

ONSD was measured 3 mm posterior to the retina 

along the perpendicular axis of the optic nerve using 

an electronic caliper (Figure 1b). Each measurement 

was performed twice, and the average value was 

recorded. All measurements were performed by the 

same investigator to ensure consistency and reduce 

interobserver variability.

All intubated patients were ventilated in SIMV mode 

with a standardized PEEP of 5 cmH2O during ONSD 

measurements. The No-PEEP group consisted of non-

intubated patients who were spontaneously breathing 

on room air or with supplemental oxygen via face 

mask without PEEP. All intubated patients received 

continuous sedation with midazolam (0.02–0.1 mg/

kg/h) and remifentanil (0.05–0.2 µg/kg/min) infusions 

during measurements.

For intubated patients, the verbal component of the 

Glasgow Coma Scale was recorded as “1T” (for tube), 

while the eye-opening and motor responses were 

assessed based on the patient’s reaction to verbal or 

painful stimuli.

We acknowledge that GCS assessment under 

sedation provides a suboptimal reflection of 

neurological status; therefore, to minimize potential 

bias, patients were analyzed using grouped GCS 

categories (3–7, 8–11, and 12–15) rather than relying 

on precise numeric scores. This approach allowed 

for more consistent interpretation across patients with 

varying sedation depths and ventilatory condition.

Figure 1. (a) Ultrasound measurement of the optic nerve 
sheath diameter (ONSD) was performed with the patient’s head 
positioned at a 20-30° angle in the supine position, ensuring no 
pressure was applied to the eye. (b) ONSD measured at 3 mm 
in a patient.



Göncü Mİ, et al. ONSD and Level of Consciousness in Critical Illness

Turk J Intensive Care 2026;24(1)﻿:21-29

24

Statistical analysis

The normality of the data was assessed using the 

Shapiro-Wilk test. We analyzed the relationship 

between ONSD and gender BMI and Sepsis 

using independent sample t test. We analyzed the 

relationship between ONSD and GCS, MAP, Heart 

Rate, SpO2, PEEP using a linear mixed-effects model 

with a random intercept for subjects and a compound 

symmetry covariance structure to account for repeated 

measurements at 24 and 72 hours. A p-value <0.05 

was considered statistically significant.

Sample size calculation

This study aims to compare measurements across 

three groups based on the GCS levels. A preliminary 

study with 15 patients was conducted, and the mean 

values with standard deviations in each group were 

as follows:

•	GCS 3-7 group: 4.1 mm (SD: 0.4)

•	GCS 8-11 group: 3.8 mm (SD: 0.4)

•	GCS 12-15 group: 3.5 mm (SD: 0.4)

Based on these values, the effect size was calculated 

as 0.61. To achieve 95% statistical power while 

maintaining a Type I error rate of 5% (α = 0.05), a 

power analysis using G*Power determined that at 

least 45 patients should be included in the study.

However, considering potential patient losses and 

missing data during follow-up, the study is planned 

to be conducted with a total of 66 patients to ensure 

sufficient statistical power and reliability.

Results

Totally 66 patients were included in this study 

(Figure 2). In our cohort, the most common 

indication for intensive care admission was sepsis 

(n=19), followed by respiratory causes (n=18), 

including pneumonia, COPD exacerbations, and 

asthma attacks. Other frequent indications were 

postoperative close monitoring (n=12), multitrauma 

(n=8), cerebrovascular events (n=4), and intracranial 

hemorrhage (n=4). Less frequent causes included 

status epilepticus (n=1) and intoxication (n=1).

Table 1 presents demographic and clinical 

characteristics of the study population. Among the 

66 patients, 60.6% were male and 39.4% were female. 

The mean age was 58.67 ± 18.84 years, while the 

mean BMI was 27.13 ± 5.74. Sepsis was present in 

47% of the patients, while 53% had no sepsis.

Regarding comorbidities, 24.2% of patients had 

diabetes mellitus (DM), 31.8% had hypertension 

(HT), and 12.1% had a history of malignancy. Chronic 

obstructive pulmonary disease (COPD) was observed 

in 6.1% of patients, while 13.6% had chronic kidney 

disease (CKD). Parkinson’s disease and Alzheimer’s 

disease were present in 3% and 7.6% of patients, 

respectively. Additionally, 12.1% had a cardiac 

Table 1. Demographical data of the patients

Count
Percentage (%)/ 

Mean ± Std
Male 40 60,6
Female 26 39,4
Age (years) 66 58,67 ± 18,84
BMI (kg/m²) 66 27,13 ± 5,74
No Sepsis 35 53
Sepsis 31 47
Diabetes Mellitus (DM) 16 24,2
Hypertension (HT) 21 31,8
Any Malignancy History 8 12,1
COPD 4 6,1
Chronic Kidney Disease (CKD) 9 13,6
Parkinson’s Disease 2 3
Alzheimer’s Disease 5 7,6
Any Cardiac Condition 8 12,1
Patients with No Comorbidities 17 25,8
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condition. Notably, 25.8% of the patients had no 

comorbidities (Table 1).

Table 2 presents the comparison of optic nerve 

sheath diameter (ONSD) across selected patient 

characteristics. No statistically significant differences 

in ONSD were observed between male and female 

patients (p = 0.655), between patients with BMI < 30 

and BMI ≥ 30 (p = 0.191), or between patients with 

and without sepsis (p = 0.914).

Table 3 summarizes the results of the linear mixed 

model analysis examining factors associated with 

ONSD. PEEP application was strongly associated 

with higher ONSD values (F = 74.534, p < 0.001). In 

contrast, mean arterial pressure (MAP), heart rate (HR), 

Figure 2. Flow diagram of patient population
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and peripheral oxygen saturation (SpO2) categories 

did not show statistically significant associations with 

ONSD (all p > 0.05). Timepoint of measurement (24h 

vs 72h) also had no significant effect on ONSD (F = 

0.52, p = 0.472). Importantly, lower Glasgow Coma 

Scale (GCS) scores were significantly associated with 

higher ONSD values (F = 54.4, p < 0.001), supporting 

the primary study hypothesis.

Discussion

This study aimed to explore the relationship between 

ONSD and GCS scores in intensive care unit 

(ICU) patients, while also evaluating the impact of 

positive end-expiratory pressure (PEEP) on ONSD 

measurements. Our study demonstrated a significant 

association between ONSD and Glasgow Coma Scale 

GCS scores, with lower GCS scores corresponding 

to higher ONSD values, suggesting a potential role 

of ONSD as a non-invasive marker of intracranial 

pressure (ICP) changes in critically ill patients. 

Patients in the GCS 3–7 group had significantly higher 

ONSD measurements compared to the GCS 8–11 

and GCS 12–15 groups, while the GCS 8–11 group 

also had significantly higher ONSD values than the 

GCS 12–15 group (all p < 0.01). Additionally, PEEP 

application was associated with significantly higher 

ONSD values compared to patients without PEEP (p < 

0.001), supporting previous findings that mechanical 

ventilation settings may influence ICP dynamics by 

reducing cerebral venous outflow. In contrast, no 

significant associations were found between ONSD 

and MAP, heart rate (HR), SpO2, gender, BMI, or 

sepsis status, suggesting that these factors do not 

substantially affect ONSD measurements in ICU 

patients.

Multiple studies have demonstrated a significant 

correlation between ONSD and intracranial pressure 

(ICP), supporting the use of ONSD as a reliable, 

noninvasive surrogate marker for ICP elevation (7-9). 

Research has consistently shown that increased ICP 

leads to ONSD distension due to the continuity of the 

subarachnoid space around the optic nerve (10,11). 

A study by Kshirsagar et al. (2024) demonstrated a 

significant association between lower GCS scores 

and increased ONSD in traumatic brain injury (TBI) 

patients (12). Their findings showed that patients with 

severe TBI (GCS 2–8) had significantly higher mean 

ONSD values (6.4 ± 1.0 mm) compared to those with 

moderate TBI (GCS 9–12, 4.7 ± 0.4 mm), reinforcing 

the role of ONSD as a potential surrogate marker for 

elevated intracranial pressure (ICP). Similar to their 

findings, our study also found a significant correlation 

between GCS and ONSD, with lower GCS scores being 

associated with increased ONSD values. These results 

support the growing body of evidence that ONSD 

measurement via bedside ultrasonography may serve 

as a valuable, non-invasive tool for assessing ICP, 

particularly in critically ill and mechanically ventilated 

patients. However, while their study included only 

TBI patients, our study expands this association to a 

broader ICU population, suggesting that ONSD may 

be a useful indicator of neurological status beyond 

the trauma setting.

Table 2. Comparison of optic nerve sheath diameter between 
patients characteristics

ONSD (mm) (Mean ± Std) p-value1

Male (n=40) 3.72 ± 0.36 0.655
Female (n=26) 3.76 ± 0.37
BMI<30 (n=51) 3.71 ± 0.36 0.191
BMI>30 (n=15) 3.85 ± 0.36
No-Sepsis (n=35) 3.74 ± 0.32 0.914
Sepsis (n=31) 3.73 ± 0.41

1 Independent Sample t Test has been applied.

Table 3. Comparison of optic nerve sheath diameter between 
variables
Fixed Effect F (df) p-value1

GCS (per 1-point change) 54.4 <0.001
Timepoint (24h vs 72h) 0.52 0.472
HR (beats/min) (<100 vs ≥100) 3.560 0.061
MAP (mmHg) (<65 vs ≥65) 0.929 0.337
SpO₂ (%) (≤97 vs >97) 1.092 0.298
PEEP (cmH₂O) (No vs Yes) 74.534 <0.001

1 Linear Mixed Model has been applied.
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A study by Wang et al. (2019) demonstrated a 

strong correlation between ONSD and intracranial 

pressure (ICP) in traumatic brain injury (TBI) patients 

undergoing decompressive craniotomy (DC). The 

study found a significant linear relationship between 

ONSD and ICP values (r = 0.771, p < 0.0001), with 

ONSD progressively increasing as ICP rose. The 

authors identified ONSD cutoff values of 5.48 mm for 

detecting ICP >13 mmHg and 5.83 mm for ICP >22 

mmHg, with high sensitivity and specificity. These 

findings highlight the utility of ONSD measurement as 

a noninvasive surrogate for ICP monitoring, offering a 

reliable alternative to invasive ICP monitoring methods. 

In line with these findings, our study also observed a 

significant association between ONSD and markers 

of neurological status, reinforcing the potential of 

bedside ultrasonographic ONSD measurement as an 

adjunctive tool for ICU patients at risk of intracranial 

hypertension, even in non-TBI populations (13).

A randomized trial by Yanatma et al. (2021) found that 

PEEP application at 10 cmH2O did not significantly 

alter ONSD in laparoscopic cholecystectomy patients 

(14), contrasting with our findings where PEEP was 

associated with increased ONSD. This discrepancy 

may be due to differences in patient populations, 

surgical settings, and baseline intracranial 

compliance, as their study included healthy ASA I-II 

patients, whereas our cohort consisted of critically 

ill ICU patients who may have been more vulnerable 

to PEEP-induced changes in intracranial pressure. 

These findings highlight the need for further research 

in different clinical contexts to clarify the effects of 

PEEP on ICP.

A study by Fenerci et al. (2024) found that increasing 

PEEP levels led to a significant rise in ONSD, 

suggesting an increase in intracranial pressure (ICP), 

particularly at 10 cmH2O PEEP in patients with midline 

shift, while PEEP up to 5 cmH2O had no effect (15). 

Similarly, Balakrishnan et al. (2020) demonstrated that 

increasing PEEP from 5 to 10 cmH2O and reducing 

ETCO2 significantly altered ONSD and regional 

cerebral oxygen saturation (rScO2) in patients with 

acute traumatic brain injury (TBI), with the highest 

ONSD observed at 10 cmH2O PEEP and ETCO2 at 40 

mmHg (16). While both studies highlight the impact 

of ventilatory settings on ONSD, our findings suggest 

that even moderate PEEP levels (not exceeding 8 

cmH2O) were associated with increased ONSD in 

critically ill ICU patients without TBI or midline shift, 

indicating that ICP changes may not be limited to high 

PEEP levels or specific neurological conditions. These 

results emphasize the importance of individualized 

PEEP management in ICU patients at risk of 

intracranial hypertension and the need for further 

research to determine optimal ventilatory strategies 

across different patient populations.

The generalizability of our findings depends on 

several factors. First, our study suggests that even 

moderate levels of PEEP (≤8 cmH2O) can influence 

ONSD, indicating potential intracranial pressure (ICP) 

changes in critically ill patients. This finding may be 

applicable to ICU patients receiving mechanical 

ventilation, particularly those with impaired cerebral 

autoregulation. However, our results should be 

cautiously interpreted in patients with pre-existing 

neurological conditions, such as traumatic brain 

injury or intracranial pathology, as their baseline 

ICP dynamics may differ. Additionally, our study’s 

methodology, including standardized ultrasound-

based ONSD measurements performed by a single 

investigator, supports reproducibility in similar 

ICU settings with trained personnel. Given that no 

significant associations were found between ONSD 

and other hemodynamic parameters such as MAP, 

HR, and SpO2, our findings suggest that PEEP-related 

ONSD changes may be independent of systemic 

hemodynamics, making them more likely to be 

generalizable across mechanically ventilated ICU 

populations. Nonetheless, external validation in larger, 

multi-center studies with direct ICP measurements is 

necessary to confirm the broader applicability of our 

findings across different patient groups and ventilatory 

conditions.
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Our study has several limitations that should be 

acknowledged. First, the relatively small sample size 

may limit the generalizability of our findings, and 

larger studies are needed to confirm our results in a 

broader population of critically ill patients. Second, 

the observational nature of our study prevents us 

from establishing a causal relationship between PEEP 

application and changes in ONSD, as unmeasured 

confounding factors may have influenced our results. 

Third, ONSD measurements were not validated with 

direct intracranial pressure (ICP) monitoring, such as 

invasive intraparenchymal or intraventricular pressure 

measurements, which are considered the gold 

standard for ICP assessment. While ultrasonographic 

ONSD measurement is a well-established, non-

invasive surrogate for ICP estimation, the lack of direct 

ICP validation may limit the accuracy of our findings. 

Fourth, we did not assess the potential impact of 

other ventilatory parameters, such as driving pressure 

or tidal volume, which may also influence cerebral 

hemodynamics and ONSD. Lastly, our study focused 

on ICU patients, and the applicability of our results 

to other clinical settings, such as the operating room 

or emergency department, remains uncertain. Future 

research should aim to address these limitations 

by conducting larger, multicenter, randomized 

controlled trials incorporating direct ICP monitoring 

and a comprehensive analysis of ventilatory and 

hemodynamic factors to further elucidate the 

relationship between PEEP, ONSD, and ICP dynamics.

Conclusion

In conclusion, our findings suggest that increased 

ONSD is associated with lower GCS scores in 

ICU patients, indicating a potential role for ONSD 

measurement in non-invasive ICP assessment. 

The influence of PEEP on ONSD warrants cautious 

interpretation, and clinicians should consider 

individual patient factors when managing ventilatory 

settings to mitigate potential impacts on intracranial 

dynamics.
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ABSTRACT

Objective: During the pandemic, molnupiravir and favipiravir treatments have been applied at different stages of the treatment of COVID-19 
patients. However, their effectiveness in COVID-19 patients admitted to the ICU is not clear.

Methods: Patients who were admitted to the ICU between March 1, 2022, and December 31, 2023 and managed according to the guidelines 
of the Scientific Committee of the Turkish Ministry of Health were included. 

Results: Data of 152 patients who met the inclusion criteria for the study were evaluated. Patients were divided into two groups according to 
the treatment modality applied. When both groups were compared in terms of median hospital stay; It was found to be statistically significant 
(p=0.025) in Group F and 16 (11) days in Group M. When respiratory support was examined in the entire cohort; the percentage of invasive 
mechanical ventilation application was found to be significant as 40 (60.5) in Group F and 61 (80.3) in Group M (p=0.008). Similarly, the 
number of days of invasive mechanical ventilation was found to be significant as 9 (14) in Group F and 12 (8) in Group M (p=0.010). On the 
other hand, when evaluated in terms of hospital mortality percentage; it was found to be 42 (55.3) in Group F and 39 (51.3) in Group M and 
no statistically significant difference was found (p=0.626).

Conclusion: In our study, no difference was found in terms of mortality rate between molnupiravir and favipiravir, two antiviral drugs used in 
COVID-19 treatment. However, further studies are needed to clarify this issue.

Keywords: intensive care unit, COVID-19, anti-viral drugs, mortality rate
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Introduction

Coronavirus (CoV) is a member of a large family of 
viruses that can cause a wide range of illnesses, from 
mild, self-limiting infections like the common cold to 
more severe conditions such as Middle East Respiratory 
Syndrome (MERS) and Severe Acute Respiratory 
Syndrome (SARS) (1). The novel coronavirus 2019 
(COVID-19) was declared a “Pandemic” by the World 

Health Organization (WHO) on March 9, 2020 (2). 
Unfortunately, since then, the COVID-19 outbreak has 
continued to cause significant morbidity and mortality 
both in our country and worldwide. According to 
WHO data as of January 19, 2025, there have been 
777,335,228 confirmed cases globally, with 7,084,023 
deaths (3). In our country, according to the Ministry 
of Health’s data as of April 7, 2023, the total number 
of COVID-19 cases is reported to be 17,232,066, with 
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102,174 deaths (4). Approximately 20% of patients 
diagnosed with COVID-19 require hospitalization, and 
about 10% of these patients need intensive care (5). 
Intensive care units (ICUs) play a critical role in the 
treatment of COVID-19 patients, with mortality rates 
among critically ill COVID-19 patients in ICUs being as 
high as 43% (5).

To combat this deadly situation, the medical 
community continues to develop and use effective 
antiviral agents, as has been done in other viral 
outbreaks. Among the most well-known antiviral agents 
are remdesivir, favipiravir, lopinavir, and oseltamivir 
(6). Favipiravir, an oral antiviral drug, gained popularity 
during the first wave of COVID-19 (7). However, this 
drug had to enter clinical use without approval from 
the U.S. Food and Drug Administration (6). In our 
country, favipiravir has been included in the Ministry of 
Health’s COVID-19 treatment guidelines (8). Favipiravir 
is an RNA polymerase inhibitor with activity against a 
range of RNA viruses (9). It was initially licensed for 
the treatment of influenza viruses. Later, its inhibitory 
effects against COVID-19 were first identified in in vitro 
studies (10).

Subsequently, molnupiravir was added to these 
antiviral agents (11). Due to its significant inhibitory 
effects against Venezuelan, Eastern, and Western 
equine encephalitis viruses in cell cultures, it has 
been used for the treatment of influenza viruses and 
encephalitic alphaviruses. Initially developed for the 
treatment of influenza viral infections, this drug was 
later found to exhibit strong antiviral activity against 
SARS-CoV-2, leading to further research in this 
area (12). A reduction in viral RNA load has been 
demonstrated in in vivo studies, and the drug has been 
included in WHO treatment guidelines for COVID-19 
(6). In our country, the Ministry of Health updated the 
COVID-19 adult patient guidelines on February 12, 
2022, adding molnupiravir to the treatment protocols 
for patients over 65 years of age, those in risk groups, 
and hospitalized patients (8).

Both molnupiravir and favipiravir may reduce disease 
transmission and progression to severe illness (9). 
However, the safety and efficacy of these drugs 

in critically ill COVID-19 patients monitored in the 
ICU remain unclear (13). The aim of this study is to 
investigate the impact of molnupiravir and favipiravir 
use on treatment processes, clinical characteristics, 
and mortality rates in critically ill COVID-19 patients 

monitored in the ICU.

Materials and Methods

Study design and participants

This study was conducted as a retrospective analysis 
after obtaining approval from the University Ethics 
Committee (Approval ID: 2022/38-11). It involved a 
cohort of patients monitored in a tertiary intensive care 
unit (ICU) designated for COVID-19 patients between 
March 1, 2022, and December 31, 2023. Electronic 
medical records and laboratory data were obtained 
from the hospital database. Due to the retrospective 
nature of the study, written informed consent was 
waived.

Inclusion criteria

Patients admitted to the ICU who tested positive for 
COVID-19 via polymerase chain reaction (PCR), were 
over 18 years of age, and received either favipiravir or 
molnupiravir treatment were included in the study.

Exclusion criteria

Patients with negative PCR test results, those under 
18 years of age, pregnant or lactating women, patients 
with incomplete health records, and those who did 
not receive favipiravir or molnupiravir treatment were 
excluded from the study.

Treatment protocol

In the tertiary ICU where the study was conducted, the 
treatment of COVID-19 patients followed the antiviral 
drug protocols outlined in the treatment guidelines of 
the Ministry of Health. According to these guidelines, 
favipiravir was the primary antiviral treatment used for 
COVID-19 in our country. Subsequently, the Ministry of 
Health updated the COVID-19 adult patient guidelines 
on February 12, 2022, adding molnupiravir to the 
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treatment protocol for patients over 65 years of age, 
those in risk groups, hospitalized patients, and those 
monitored in the ICU (8).

In the ICU, treatment dosages were administered 
according to the doses specified in the Ministry 
of Health guidelines. Favipiravir treatment was 
administered at 1600 mg twice daily on the first day, 
followed by 600 mg twice daily for the next 4 days. 
In rare cases, the treatment duration was extended to 
10 days. Similarly, after the addition of molnupiravir 
to the guidelines, the drug was administered at 800 
mg twice daily for a total of 5 days. Patients who 
completed both treatment protocols at the specified 
doses and durations were included in our study. Below 
is a chronological summary of the Ministry of Health 
COVID-19 treatment guidelines and the sequence of 

drug administration (14) (Figure 1).

Patient characteristics

We evaluated 205 patients (the total number of patients 

before matching) with critical illness due to COVID-19 

and who were monitored in the intensive care unit 

during the specified period. Of these patients, 177 

patients (the number of patients in both groups before 

matching) received either Favipiravir or Molnupiravir 

treatment. When these patients were examined, it 

was determined that 96 patients in the Favipiravir 

group and 81 patients (the number of patients in both 

groups before matching) met the study inclusion 

criteria. Patients receiving molnupiravir and favipiravir 

were matched according to baseline characteristics 

such as age, gender, body mass index, smoking 

status, hospitalization duration, laboratory values, 

respiratory support therapies (such as non-invasive 

or invasive mechanical ventilation), comorbidities, 

and intensive care unit scores. Patients with dissimilar 

characteristics were excluded from the analysis. 

Unmatched patients were not analyzed separately. 

Propensity Score Matching (PSM) was used to create 

balanced groups, and this matching was performed 

using a 1:1 nearest neighbor matching algorithm. Of 

these patients, 76 (50%) received favipiravir, and 76 

(50%) received molnupiravir. Patients were divided 

into two groups according to the treatment modality: 

Favipiravir Group (Group-F) and Molnupiravir Group 

(Group-M).

Data collection

The following data were scanned from the electronic 

hospital database for each patient: age, gender, body 

mass index, Charlson comorbidity index (CCI), Acute 

Physiology and Chronic Health Evaluation (APACHE) 

Figure 1. The timeline for the treatment protocols applied by the guidelines by the Scientific Board of the Ministry of Health (SBMH) of 
Türkiye (14).
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II, and SOFA scores at ICU admission. CT-SS, 

arterial blood gas analysis (arterial partial pressure 

of oxygen (PaO2); arterial partial pressure of carbon 

dioxide (PaCO2); FiO2; PaO2/FiO2 ratio; bicarbonate; 

SpO2 (peripheral oxygen saturation)), laboratory 

data including hemogram parameters, C-reactive 

protein (CRP), procalcitonin, lactate dehydrogenase 

(LDH), alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), D-dimer, serum creatinine 

(sCr), total bilirubin, ferritin, high-sensitive (HS) 

troponin I, length of hospital stay, length of intensive 

care unit stay, and intensive care unit and hospital 

mortality (Table 1).

Statistical analysis

All analyses were performed using the Statistical 

Package for Social Sciences (SPSS) version 24.0. 

Propensity score matching (PSM) was employed 

to create balanced groups by matching patients 

receiving molnupiravir and favipiravir based on 

baseline characteristics, including age, gender, and 

comorbidities, using a nearest-neighbor matching 

algorithm with a 1:1 ratio. The Kolmogorov-Smirnov 

and Shapiro-Wilk tests were used to assess normality. 

Parametric continuous variables were compared using 

Student’s t-test, while non-parametric continuous 

variables were compared using the Mann-Whitney 

U test. Results are presented as mean ± standard 

deviation (SD) and median (interquartile range). 

Categorical variables were compared using the Chi-

square test or Fisher’s exact test, with results presented 

as frequencies (%). Variables were first evaluated 

using univariate analysis, followed by multivariate Cox 

regression analysis to predict in-hospital mortality. 

The Kaplan-Meier test was used to evaluate factors 

related to survival. Statistical significance was defined 

as p < 0.05.

Results

Patients characteristics

We evaluated 177 patients with critical illness due to 
COVID-19 being followed up in the intensive care unit. 

Data of 152 patients who met the inclusion criteria for 
the study were evaluated. Of these patients, 76 (50%) 
were found to have received favipiravir and 76 (50%) 
were found to have received molnupiravir treatment. 
Patients were divided into two groups according to 
the treatment modality applied: Group Favipiravir 
(Group-F) and Group Molnupiravir (Group-M). No 
statistically significant difference was found between 
the two groups in terms of demographic data, 
laboratory results and clinical results of the patients 
(Table 1).

Mean age was 69.9±12.6 in Group F and 66.1±11.4 in 
Group M, and no statistically significant difference was 
found between the two groups (p=0.051). The number 
of female patients in Group-F was 40 (52.3%) and the 
number of female patients in Group-M was 38 (50%), 
and no statistical difference was found between them 
(p=0.067). When the two groups were compared in 
terms of the time from diagnosis to hospitalization, 
the median was 4 (5) days in Group F and 3 (4) days 
in Group M, with no statistically significant difference 
between the two groups (p=0.743). When both groups 
were compared in terms of pre-ICU stay (pre-ICU 
days), the median was 6 (7) days in Group F and 5 (6) 
in Group M, and no statistically significant difference 
was found between the two groups (p=0.897). The 
most common comorbidities were hypertension 
(65.1%), diabetes mellitus (35.5%) and coronary artery 
disease (29.6%), respectively. The APACHE II score 
was 20 (15.5) in the entire cohort, 22 (15) in Group F 
and 19 (13) in Group M (p=0.093). Median hemoglobin 
values were 12.9 (12) g/dl in Group F and 12.8 (12.7) g/
dl in Group M, with a p-value of 0.935 (Table 1).

Treatments and outcomes

When both groups were compared in terms of median 
hospital stay, it was found to be statistically significant 
(p=0.025) in Group F and 16(11) days in Group M. 
When respiratory support was examined in the 
entire cohort, the percentage of invasive mechanical 
ventilation application was found to be significant 
as 40 (60.5) in Group F and 61 (80.3) in Group M 
(p=0.008). Similarly, the number of days of invasive 
mechanical ventilation was found to be significant as 
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Table 1. Characteristics of patients who received molnupiravir versus favipiravir

Total  
(n: 152) 

Favipiravir  
(n: 76)

Molnupiravir  
(n: 76)

p-value

Age mean±sd 68.1±12.1 69.9±12.6 66.1±11.4 0.051
Gender (female) n (%) 76 (50) 40 (52.3) 38 (50) 0.067
BMI median (IQR) 26.2 (5.7) 26.0 (7.9) 26.3 (5.2) 0.935
Ex-Smoker* n (%) 29 (19.1) 10 (13.2) 19 (25.0) 0.063
Smoker 2* n (%) 15 (9.9) 8 (10.5) 7 (9.2) 0.786
Hospitalization duration days median (IQR) 14 (11) 13 (10) 16 (11) 0.025
Comorbidities, n (%)
HT 99 (65.1) 51 (67.1) 48 (63.2) 0.610
DM 54 (35.5) 28 (36.8) 26 (34.2) 0.735
CAD 45 (29.6) 27 (35.5) 18 (23.7) 0.110
COPD  24 (15.8) 10 (13.2) 14 (18.4) 0.374
CKD (*) 18 (11.8) 11 (14.5) 7 (9.2) 0.315
RRT (*) 24 (15.8) 14 (18.4) 10 (13.2) 0.374
AFIB 9 (5.9) 4 (5.3) 5 (6.6) N/A
Liver Cirrhosis 2 (1.3) 1 (1.3) 1 (1.3) N/A
Dyslipidemia 45 (29.6) 19 (25.0) 26 (34.2) 0.214
DVT 1 (0.7)  (1.3) 0 (0) N/A
PTE 3 (2.0) 2 (2.6) 1 (1.3) N/A
CVD (*) 8 (5.3) 4 (5.3) 4 (5.3) N/A
Neurodegenerative Disorder 13 (8.6) 6 (7.9) 7 (9.2) 0.772
Parkinson Disease 8 (5.3) 7 (9.2) 1 (1.3) 0.063*
Malignancy (*) 13 (8.6) 7 (9.2) 6 (7.9) 0.772
Scores median (IQR) 
APACHE II 20 (15.5) 22 (15) 19 (13) 0.093
SOFA 5 (4) 5 (4) 5 (4) 0.505
CCI 4 (4) 5 (4) 4 (4) 0.366
Laboratory findings median (IQR)
Creatinine (mg/dl) 1.00 (0.71) 1.12 (0.78) 0.99 (0.69) 0.371
BUN (mg/dl) 30 (27) 32 (27) 28 (24) 0.071
AST U/L 52 (53) 55 (52) 51 (48) 0.170
ALT U/L 37 (39) 35 (44) 38 (37) 0.645
LDH U/L 575 (305) 565 (244) 576 (333) 0.922
CRP mg/L 150 (149) 140 (164) 162 (141) 0.264
Ferritine µg/L 614 (775) 579 (788) 635 (767) 0.863
D-Dimer μ/mL 1.50 (3.35) 1.45 (4.83) 1.50 (2.75) 0.630
BLB* 0.9 (0.5) 0.9 (0.5) 0.9 (0.5) 0.463
WBC 10*3/uL 11.1 (7.0) 11.5 (6.4) 10.3 (8.3) 0.580

BMI: Body Mass index, ABG: Arterial blood gas, ACI: Acute cardiac injury, ARDS: Acute respiratory distress syndrome, AFIB: Atrial fibrillation, AKI: Acute kidney injury, 
ALT: Alanine transferase, AST: Aspartate transferase, BUN: Blood urea nitrogen, CAD: Coronary artery disease, CCI: Charlson comorbidity index, CKD: Chronic kidney 
disease, CRP: C-reactive protein, COPD: Chronic obstructive pulmonary disease, CVD: Cerebrovascular disease; DM: Diabetes mellitus, DVT: Deep vein thrombosis, 
ECMO: Extracorporeal membrane oxygenation, HT: hypertension, IQR: Interquartile range, LDH: Lactate dehydrogenase, MV: Mechanical  ventilation, N/A: Not applicable, 
PTE: Pulmonary thromboembolism, SOFA: Sequential organ failure assessment, RRT: Renal replacement therapy, VAP: Ventilator-associated pneumonia, WBC: White 
blood cell.
*Fisher-exact test was used.
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Table 1. Continued

Total  
(n: 152) 

Favipiravir  
(n: 76)

Molnupiravir  
(n: 76)

p-value

Lymphocyte 10*3/uL 0.5 (0.6) 0.5 (0.6) 0.5 (0.6) 0.833
Hemoglobin g/dl 12.9 (2.3) 12.9 (2.0) 12.8 (2.7) 0.935
Platelet 10*3/uL 255 (190) 296 (196) 242 (166) 0.098
Platokrit % 0.32 (0.97) 0.31 (0.89) 0.33 (1.37) 0.346
ABG analysis median (IQR)
pH 7.42 (0.14) 7.43 (0.17) 7.42 (0.13) 0.744
Lactate mmol/L 1.9 (1.6) 1.8 (1.4) 2.7±1.7 0.370
pCO2 mmHg 34 (10) 34 (9) 34 (12) 0.335
pO2 mmHg 64 (25) 65 (25) 64 (23) 0.421
Bicarbonate mmol/L 22.9 (5.0) 22.0 (5.0) 23.3 (5.0) 0.348
FiO2 median (IQR) 0.6 (0.1) 0.6 (0.1) 0.6 (0.1) 0.685
ICUP/F* median (IQR) 112 (52) 111 (47) 115 (54) 0.892
ICUvasopressor* median (IQR) 9900 (7000) 10350 (6325) 9250 (8325) 0.636
Airway access, n (%)
Tracheostomy 3 (2) 0 (0) 3 (3.9) 0.254*
Respiratory Support, n (%)
High-Flow Nasal Cannula 124 (81.6) 65 (85.5) 59 (77.6) 0.209
Noninvasive MV 121 (79.6) 61 (80.3) 60 (78.9) 0.840
Invasive MV 107 (70.4) 46 (60.5) 61 (80.3) 0.008
Respiratory Support duration by modalities (day) median (IQR)
High-Flow Nasal Cannula 4 (5) 4 (4) 4 (5) 0.562
Noninvasive MV 3 (5) 3 (3) 3 (5) 0.939
Invasive MV 11 (15) 9 (14) 12 (8) 0.010
ECMO Treatment, n (%) 1 (0.7) 1 (1.3) 0 (0) N/A
Positive Inotropic Therapy, n (%) 99 (65.1) 49 (64.5) 50 (65.8) 0.865
The time diagnosis in hospital (days median) (IQR) 4 (5) 3 (4) 4 (4) 0.743
Pre-ICU Stay Duration (days median) (IQR)  6 (7) 5 (6) 5 (6) 0.897
Complication, n (%)
VAP 76 (50) 36 (47.4) 40 (52.6) 0.516
ARDS 75 (49.3) 38 (50.0) 37 (48.7) 0.871
AKI 82 (53.9) 47 (61.8) 35 (46.1) 0.051
ACI 44 (28.9) 23 (30.3) 21 (27.6) 0.721
Septic Shock 97 (63.8) 49 (64.5) 48 (63.2) 0.866
Mortality, n (%) 81 (53.3) 42 (55.3) 39 (51.3) 0.626

BMI: Body Mass index, ABG: Arterial blood gas, ACI: Acute cardiac injury, ARDS: Acute respiratory distress syndrome, AFIB: Atrial fibrillation, AKI: Acute kidney injury, 
ALT: Alanine transferase, AST: Aspartate transferase, BUN: Blood urea nitrogen, CAD: Coronary artery disease, CCI: Charlson comorbidity index, CKD: Chronic kidney 
disease, CRP: C-reactive protein, COPD: Chronic obstructive pulmonary disease, CVD: Cerebrovascular disease; DM: Diabetes mellitus, DVT: Deep vein thrombosis, 
ECMO: Extracorporeal membrane oxygenation, HT: hypertension, IQR: Interquartile range, LDH: Lactate dehydrogenase, MV: Mechanical  ventilation, N/A: Not applicable, 
PTE: Pulmonary thromboembolism, SOFA: Sequential organ failure assessment, RRT: Renal replacement therapy, VAP: Ventilator-associated pneumonia, WBC: White 
blood cell.
*Fisher-exact test was used.
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9 (14) in Group F and 12 (8) in Group M (p=0.010). On 
the other hand, when evaluated in terms of hospital 
mortality percentage, it was found to be 42 (55.3) in 
Group F and 39 (51.3) in Group M, and no statistically 
significant difference was found (p=0.626) (Table 1).

Risk factors for hospital mortality

When Cox regression univariate analysis was 
performed on risk factors affecting hospital mortality, 
for age: HR: 1.032, 95%CI: 1.011-1.054 and p=0.003; 
for Charlson comorbidity index: HR: 1.149, 95%CI: 
1.060-1.247 and p=0.001; for APACHE II: HR: 1.096, 
95%CI: 1.065-1.127 and p<0.001; for SOFA score: 
HR: 1.131, 95%CI: 1.061-1.1205 and p<0.001. When 
multivariate analysis was performed for favipiravir, one 
of the antiviral agents: HR: 1.161, 95%CI: 1.018-2.517 
and p=0.041; for hemoglobin: HR: 0.882, 95%CI: 
0.788-0.987 and p=0.029; for D-Dimer: HR: 1.028, 
95%CI: 1.008-1.048 and p=0.005; for acute kidney 
injury: HR: 2.420, 95%CI: 1.458-4.015 and p=0.001; 
for septic shock: HR: 3.410, 95%CI: 1.700-6.842 and 

p=0.001 (Table 2).

Discussion

In this study, we investigated clinical outcomes, 
including mechanical ventilation duration, ICU length 
of stay, and mortality rates, in COVID-19 patients 
admitted to the ICU and treated with either favipiravir 
or molnupiravir. We found that patients treated with 
molnupiravir had significantly longer ICU stays, higher 
rates of invasive mechanical ventilation, and longer 
durations of mechanical ventilation compared to 
those treated with favipiravir. However, there were no 
statistically significant differences in ICU mortality or 
other clinical outcomes between the two treatment 

groups.

The need for safe and effective treatment options 

for COVID-19 patients has kept antiviral drugs at the 

forefront of clinical research. Antiviral agents can 

be used to minimize transmission and suppress the 

development of more virulent strains by reducing 

viral load (15). Molnupiravir, which acts by inhibiting 

RNA replicase, has been approved by infectious 

disease committees in many countries, including 

Table 2. Evaluation of factors related to in hospital mortality by Cox Regression analysis
Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
Age 1.032 1.011-1.054 0.003 1.006 0.977-1.035 0.697
Female sex 0.966 0.621-1.503 0.879 1.032 0.660-1.613 0.891
Smoking 1.214 0.605-2.437 0.585
CCI 1.149 1.060-1.247 0.001 1.098 0.988-1.222 0.083
APACHE II 1.096 1.065-1.127 <0.001
SOFA 1.131 1.061-1.205 <0.001
Antiviral medicine (Favipiravir) 1.559 0.998-2.436 0.051 1.601 1.018-2.517 0.041
pH 0.246 0.053-1.140 0.073
Lactate 1.097 0.991-1.215 0.074
Hemoglobin 0.882 0.788-0.987 0.029
D-Dimer 1.028 1.008-1.048 0.005
AKI 2.420 1.458-4.015 0.001 1.575 0.871-2.850 0.133
VAP 1.233 0.768-1.977 0.386
ARDS 1.061 0.677-1.664 0.797
ACI 1.119 0.705-1.777 0.633
Septic shock 3.410 1.700-6.842 0.001 1.996 0.861-4.625 0.107

CCI: Charlson comorbidity index, AKI: Acute kidney injury; HR: Hazard ratio; CI: Confidence interval, ACI: Acute cardiac injury, ARDS: Acute respiratory distress syndrome, 
AKI: Acute kidney injury, VAP: Ventilator-associated pneumonia, SOFA: Sequential organ failure assessment.
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ours, for use in adults at high risk of progressing to 

severe COVID-19, which is associated with significant 

morbidity and mortality (16). Favipiravir, a purine 

nucleic acid analog that inhibits RNA-dependent RNA 

polymerase, was initially used as an anti-influenza 

drug in Japan and was later approved in China for the 

treatment of COVID-19 patients in March 2020 after 

Wang et al. demonstrated its in vitro efficacy against 

SARS-CoV-2 (17,18).

The efficacy of both drugs in COVID-19 patients 

remains unclear (19). In a study by Babayiğit et al. (14), 

no improvement in clinical parameters was observed 

in patients treated with favipiravir. These findings are 

consistent with other research indicating that the 

clinical recovery of patients receiving favipiravir was 

not superior to those receiving lopinavir/ritonavir in 

terms of hospital length of stay, ICU admission, or 

intubation rates (20). A meta-analysis on this topic also 

found no significant difference in mortality rates or the 

need for mechanical ventilation between favipiravir 

treatment and standard care (21). However, Guner 

et al. (22) reported that the addition of favipiravir to 

the treatment regimen reduced ICU admission and 

intubation rates in COVID-19 patients.

Similarly, there are various studies in the literature on 

patients treated with molnupiravir. In the MOVe-OUT 

study, molnupiravir treatment was associated with an 

8% lower hospitalization rate in COVID-19 patients at 

high risk of progressing to severe disease (23). Another 

study also found that molnupiravir demonstrated 

favorable outcomes by reducing hospitalizations 

(24). A meta-analysis by Kamal et al. (25) confirmed 

the efficacy and safety of molnupiravir as an antiviral 

treatment for mild to moderate COVID-19 infections in 

high-risk patients.

Based on the available evidence from these clinical 

studies, it can be concluded that Molnupiravir is safe 

and effective in high-risk patients with mild to moderate 

COVID-19 infection when administered within the first 

five days of symptom onset. It is considered to delay 

disease progression by reducing hospitalization and/

or mortality. Conversely, in the PANORAMIC study 

conducted in the United Kingdom (Adaptive Trial 

of Novel Antivirals for Early Treatment of COVID-19 

in the Community), the lack of clinical benefits of 

Molnupiravir compared to standard care in non-

hospitalized patients raised concerns. Furthermore, 

although the MOVe-OUT study demonstrated that 

Molnupiravir reduced hospitalization and mortality 

rates in non-hospitalized patients, the MOVe-IN study 

failed to show a survival advantage in the inpatient 

setting. However, another study found a lower risk 

of death among hospitalized patients treated with 

Molnupiravir, attributing the difference in findings 

between the MOVe-IN study and the present study to 

the inclusion of patients who initiated treatment more 

than five days after symptom onset.

In our study, we observed that in patients treated 

with Molnupiravir, the intensive care unit (ICU) length 

of stay, the percentage of patients requiring invasive 

mechanical ventilation, and the duration of ventilation 

were significantly higher compared to those treated 

with Favipiravir. However, no significant difference 

was detected between the two drug groups regarding 

ICU mortality rates. This finding may be explained by 

the initiation of both drugs only after hospitalization 

and/or ICU admission. Unfortunately, COVID-19 is 

a disease with a high potential for both vertical and 

horizontal transmission. Asymptomatic individuals 

play a crucial role in ongoing transmission, accounting 

for 25% to 50% of all new infections, which supports 

the recommendation for universal masking. Viral 

shedding begins one to two days before symptom 

onset, with viral titers in respiratory secretions 

reaching peak levels in the early stages of infection 

and decreasing over time. Consequently, in our study, 

the inability to administer the drugs during the early 

pre-symptomatic phase may have resulted in the loss 

of this critical therapeutic window. In alignment with 

our findings, a randomized controlled trial comparing 

these two drugs in COVID-19 patients also failed to 

demonstrate an improvement in clinical outcomes.
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Limitations

Our study has inherent limitations due to its 

retrospective nature. Additionally, there are other 

constraints. Firstly, this is a single-center study with 

a relatively small patient population. Secondly, the 

exact timing of symptom onset was not clearly 

documented for each patient. Thus, the treatment 

doses and durations analyzed in this study reflect 

those administered at the hospital or ICU level. As 

a result, evaluating the clinical recovery process 

in cases where Favipiravir or Molnupiravir was 

administered during the early symptomatic phase 

remains insufficient. On the other hand, we think that 

our study is important in that it reflects the treatment 

processes of COVID-19 patients treated with antiviral 

drugs in the COVID intensive care unit of a university 

hospital during the pandemic.

Conclusion

In our study, no difference in mortality rates was 

found between the two antiviral drugs, Molnupiravir 

and Favipiravir, used for COVID-19 treatment. 

However, compared to Favipiravir-treated patients, 

those treated with Molnupiravir had significantly 

longer ICU stays, higher rates of invasive mechanical 

ventilation, and prolonged ventilation duration. We 

hypothesize that this finding may be related to the 

delayed administration of these drugs rather than their 

early use in the disease course. Nevertheless, further 

studies are needed to validate this observation.
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The prognostic value of the early brain edema score (SEBES) in traumatic 
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ABSTRACT

Background: Subarachnoid hemorrhage (SAH) is a life-threatening cerebrovascular event with high morbidity and mortality. Early brain 
edema is a key determinant of prognosis and can be quantified using the Subarachnoid Hemorrhage Early Brain Edema Score (SEBES). 
Although SEBES has demonstrated prognostic value in spontaneous SAH, its utility in traumatic SAH remains underexplored. This study 
aimed to evaluate the relationship between SEBES and clinical outcomes in both traumatic and non-traumatic SAH patients.

Methods: In this retrospective cohort study, 50 SAH patients (30 traumatic, 20 non-traumatic) admitted to the intensive care unit (ICU) 
between January 2023 and May 2024 were analyzed. SEBES scores were calculated from brain CT scans obtained within 24 hours of SAH 
onset. Patients were classified by etiology and SEBES grade (≤2 vs. >2). Demographic data, clinical scores, laboratory parameters, and 
mortality at 1 and 3 months were compared. A subgroup analysis was performed to assess SEBES-associated outcomes within each SAH 
etiology.

Results: SEBES scores were markedly higher in non-traumatic SAH patients. Higher SEBES (>2) was associated with lower admission and 
discharge neurological scores (GCS, FOUR), longer ICU and ventilator duration, and higher 1- and 3-month mortality (all p < 0.05). Subgroup 
analysis revealed that the negative prognostic impact of elevated SEBES was evident in both traumatic and non-traumatic SAH groups, 
particularly regarding mortality and ICU burden.

Conclusion: SEBES is a valuable and simple radiological prognostic tool applicable to both traumatic and non-traumatic SAH. A SEBES 
score >2 may predict worse neurological outcomes, higher mortality, and increased ICU resource utilization. Its early application may aid in 
risk stratification and critical care planning.

Keywords: subarachnoid hemorrhage, early brain edema score, prognosis, SEBES, traumatic SAH, non-traumatic SAH, neurocritical care
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Introduction

Subarachnoid hemorrhage (SAH) is a severe 
cerebrovascular condition that accounts for 
approximately 5% of all strokes and is associated with 
high rates of mortality and morbidity. The majority of 
SAH cases result from trauma, while in 80–85% of 
non-traumatic cases, aneurysmal rupture is identified 
as the underlying cause (1). SAH patients frequently 
require intensive care and constitute a significant 
proportion of the patient population in intensive care 
units (ICUs). Common complications occurring within 

the first 72 hours after SAH include early brain injury, 
early brain edema, and symptomatic vasospasm (2). 
Intracranial edema increases intracranial pressure, 
further impairing cerebral perfusion and increasing 
the risk of neuronal ischemia, ultimately leading to 
poor neurological outcomes.

Early brain edema refers to the immediate 
pathophysiological processes that occur following 
aneurysmal rupture. The extravasation of blood 
into the subarachnoid space leads to increased 
intracranial pressure, followed by a reduction in 
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cerebral perfusion pressure, disruption of cerebral 
autoregulation, and transient or permanent ischemia 
(3,4,5). The persistence of brain edema after 
aneurysmal SAH, also referred to as persistent edema 
(PE), is considered an indicator of early brain injury 
(EBI) (6).

The Subarachnoid Hemorrhage Early Brain Edema 
Score (SEBES) is a radiographic assessment tool 
used to evaluate early brain edema in patients with 
spontaneous SAH (3,7). Studies have demonstrated 
that patients with high SEBES scores have an 
increased likelihood of delayed cerebral ischemia and 
poor clinical outcomes. Furthermore, SEBES has been 
shown to be a stronger prognostic indicator compared 
to other scoring systems (3,5). The SEBES system 
has been proposed as a reliable prognostic factor for 
both clinical outcomes and mortality in spontaneous 
SAH patients (1,3,7). Early application of SEBES may 
be beneficial in identifying high-risk patients and 
optimizing treatment strategies accordingly (7).

This study aimed to evaluate all SAH patients (both 
traumatic and non-traumatic) admitted to the ICU 
using the SEBES scoring system to predict those at 
risk of poor neurological outcomes. Additionally, we 
aim to investigate the prognostic relationship between 
SEBES and traumatic SAH in comparison with other 

commonly used scoring methods.

Materials and Methods

Ethical approval

This study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki and 
was approved by the Institutional Review Board of the 
Local University (Decision No: 1670 / 03.07.2024). Due 
to its retrospective design and the use of anonymized 
clinical data, the requirement for written informed 
consent was waived by the ethics committee.

Study population

This study included all patients over the age of 18 
who were diagnosed with subarachnoid hemorrhage 
(SAH), regardless of etiology, and were monitored and 
treated in the general intensive care unit (ICU) of our 

hospital between January 2023 and May 2024. The 
study was designed as a retrospective observational 
cohort study.

Inclusion criteria: Patients who underwent brain 
computed tomography (CT) within the first 24 
hours after SAH onset, had a brain CT angiography 
performed for the detection of aneurysms or other 
vascular anomalies, and were assessed using all 
scoring systems specified in our study were included. 
Additionally, patients with follow-up data available for 
the first and third months were included in the study.

Exclusion criteria: Patients with multiorgan failure, 
multiple trauma, pregnancy, sepsis, or severe 
infections, as well as those with concurrent subdural 
and/or epidural hematomas or ischemic stroke 
at the time of SAH diagnosis, and patients with 
perimesencephalic subarachnoid hemorrhage were 
also excluded.

A total of 50 patients who met the specified criteria 
were included in the study. Among them, 20 had 
non-traumatic SAH (aneurysm detected in 9 patients, 
spontaneous SAH in 8 patients, and hypertension-
related SAH in 3 patients), while 30 had traumatic SAH.

Patients were divided into two groups: non-traumatic 
SAH and traumatic SAH, and statistical comparisons 
were made. Additionally, patients were classified 
into two subgroups based on SEBES scores: those 
with SEBES >2 and those with SEBES ≤2, and 
their prognosis and other clinical parameters were 
compared.

Scoring systems

The following scoring systems were recorded for all 
patients at the time of ICU admission and discharge 
using hospital records and patient files: Glasgow 
Coma Scale (GCS), Full Outline of UnResponsiveness 
(FOUR), modified Fisher scale, World Federation of 
Neurosurgical Societies (WFNS) scale, Hunt and Hess 
scale, and modified Rankin Scale (mRS). The SEBES 
was calculated by the investigators. Radiological 
imaging of the patients was evaluated according to 
the recommended two-section method for SEBES 
assessment. The SEBES score ranged from 0 to 4, 
with 4 indicating the most severe condition.
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Laboratory tests

Following an 8-hour fasting period, 5 mL of venous 
blood was drawn from the antecubital fossa for 
complete blood count (hemoglobin, hematocrit, 
leukocytes, lymphocytes, neutrophils, platelets). 
Routine biochemical blood tests (glucose, urea, 
creatinine, albumin), C-reactive protein (CRP), and 
procalcitonin levels were also measured. In addition, 
sodium levels were recorded on days 1, 3, and 7.

Statistical analysis

All values were expressed as mean ± standard 
deviation, mean (95% confidence interval), 
percentage (95% confidence interval), or median 
(interquartile range). The sample size of our study 
was determined based on a power analysis with 
a significance level of α=0.05 and a power (1–β) of 
0.95. Differences between groups were analyzed 
using the Student’s t-test, Mann–Whitney U test, chi-
square test, Fisher’s exact test, or analysis of variance 
(ANOVA). Statistical significance was defined as p 
< 0.05. Continuous variables were expressed as 
mean ± standard deviation and compared using the 
Student’s t-test, assuming approximate normality. 
Categorical variables were expressed as counts and 
percentages and compared using the chi-square 
test. No normality testing was required for categorical 
data. For all significant parameters, logistic regression 
analyses were performed. All statistical analyses 
were conducted using SPSS version 22.0. Multiple 
comparisons were adjusted using the Holm–

Bonferroni correction.

Results

In the non-traumatic SAH group (n=20), the mean age 
was 60.25 ±, whereas in the traumatic SAH group 
(n=30), it was 51.03 ±. In the non-traumatic group, 
14 patients were male, while in the traumatic group, 
27 patients were male. There was no statistically 
significant difference between the groups in terms of 
age and gender (p>0.05).

Among vascular risk factors, hypertension (HT) was 
more prevalent in the non-traumatic SAH group, 
showing borderline statistical significance (p=0.05). 
Other risk factors, including diabetes mellitus (DM), 
previous cerebrovascular disease (CVD), and coronary 
artery disease (CAD), did not show statistically 
significant differences between the groups.

The mortality rate at the first month was similar 
between the groups. However, by the third month, the 
mortality rate was higher in the non-traumatic group, 
though this difference was not statistically significant 
(p=0.07). The data presented above are summarized 
in Table 1.

When the groups were compared based on scoring 
systems, the SEBES score was markedly higher in 
the non-traumatic SAH group (p = 0.00). Although 
the FOUR scores at ICU admission were higher in 
the traumatic SAH group, the difference between the 
groups was not statistically significant (p = 0.07).

Additionally, no statistically significant differences 
were observed between the groups in terms of GCS, 
mRS, modified Fisher scale, WFNS, and Hunt-Hess 

Table 1. Comparison of demographic characteristics, vascular risk factors, and clinical outcome between non-traumatic and traumatic SAH 
groups
Variable Non-Traumatic SAH (n: 20) Traumatic SAH (n: 30) p-value
Age (years) 60.25 ± 14.46 51.03 ± 21.46 0.08
Gender (Male, n) 14 27 0.13
HT (n) 14 12 0.05
DM (n) 4 2 0.20
CVD (n) 0 2 0.51
CAD (n) 5 7 1.00
1st-Month Mortality (n) 9 8 0.23
3rd-Month Mortality (n) 11 8 0.07

HT: Hypertension, DM: Diabetes Mellitus, CVD: Cerebrovascular Disease, CAD: Coronary Artery Disease.
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scores at admission. Similarly, ICU length of stay and 
ventilator support duration did not differ markedly 
between the two groups. However, at discharge, the 
GCS and FOUR scores were markedly higher in the 
traumatic SAH group (p=0.03), whereas the mRS 
score was higher in the non-traumatic SAH group 
(p=0.03). These comparisons are summarized in 
Table 2.

No statistically significant differences were found 
between the traumatic and non-traumatic SAH groups 

regarding laboratory test results. The mean values 

and corresponding p-values for each parameter are 

presented in Table 3.

When patients were categorized based on SEBES 

scores, in the non-traumatic SAH group, 13 patients 

had a high SEBES score (SEBES >2), while 7 patients 

had a low SEBES score (SEBES ≤2). In the traumatic 

SAH group, 10 patients had a high SEBES score, 

whereas 20 patients had a low SEBES score.

Table 2. Comparison of admission and discharge clinical scores, ICU length of stay, and duration of ventilator support between non-traumatic 
and traumatic SAH groups
Variable Non-Traumatic SAH (n: 20) Traumatic SAH (n: 30) p-value
Admission GCS 8.70 ± 5.11 9.10 ± 4.80 0.78
Admission FOUR 8.25 ± 6.81 8.97 ± 6.79 0.72
Admission mFISHER 3.15 ± 0.87 2.70 ± 0.75 0.07
Admission mRS 3.40 ± 1.63 3.23 ± 1.48 0.72
Admission WFNS 3.50 ± 1.67 3.53 ± 1.36 0.94
Admission Hunt-Hess 3.45 ± 1.70 3.53 ± 1.41 0.86
SEBES 3.05 ± 1.10 2.10 ± 0.92 0.001
ICU Length of Stay (days) 18.25 ± 16.51 11.17 ± 11.02 0.10
Ventilator Support Duration (days) 11.50 ± 17.35 3.43 ± 5.54 0.06
Discharge GCS 8.15 ± 5.86 11.80 ± 5.02 0.03
Discharge FOUR 7.15 ± 8.11 12.20 ± 6.85 0.03
Discharge mRS 4.1 ± 2.24 2.73 ± 1.91 0.03

GCS: Glasgow Coma Scale, FOUR: Full Outline of UnResponsiveness, WFNS: World Federation of Neurosurgical Societies, mRS: Modified Rankin Scale, mFISHER: 
Modified Fisher Scale.

Table 3. Comparison of admission and follow-up laboratory findings between non-traumatic and traumatic SAH groups
Laboratory Parameter Non-Traumatic SAH (n: 20) Traumatic SAH (n: 30) p-value
Albumin (g/L) 38.40 ± 5.19 37.10 ± 7.05 0.46
Creatinine (mg/dL) 1.11 ± 0.87 1.00 ± 0.56 0.61
Hemoglobin (g/dL) 12.95 ± 2.17 11.84 ± 2.18 0.08
Platelet Count (10^9/L) 249.05 ± 79.12 214.10 ± 77.72 0.13
Leukocyte Count (10^9/L) 15.10 ± 5.35 15.63 ± 5.55 0.74
Neutrophil (%) 85.55 ± 13.07 87.65 ± 10.67 0.55
Lymphocyte (%) 7.88 ± 4.75 7.64 ± 9.76 0.91
Neutrophil/Lymphocyte Ratio 15.11 ± 9.32 21.36 ± 15.09 0.08
C-Reactive Protein (CRP, mg/L) 41.78 ± 71.17 53.25 ± 50.01 0.54
Procalcitonin (ng/mL) 6.53 ± 22.73 2.19 ± 6.08 0.41
Admission Sodium (mmol/L) 138.38 ± 3.92 139.95 ± 5.36 0.24
Day 3 Sodium (mmol/L) 142.91 ± 9.39 141.39 ± 7.99 0.55
Day 7 Sodium (mmol/L) 142.88 ± 8.32 140.63 ± 11.79 0.43
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Overall, 23 patients had high SEBES scores, while 27 
had low SEBES scores. A comparison of these groups 
based on demographic characteristics, vascular risk 
factors, and prognosis is summarized in Table 4. 
Among patients with low SEBES scores, none had a 
history of diabetes mellitus (DM), whereas 6 patients 
in the high SEBES group had DM, a difference that 
was statistically significant (p = 0.01). Furthermore, 
non-traumatic SAH was markedly more prevalent in 
the high SEBES group (p = 0.03). Mortality rates at 
both one and three months were also markedly higher 
in the SEBES >2 group.

The groups were also compared based on their 
scoring systems, with the results summarized in 

Table 5. In the SEBES >2 group, admission GCS and 
FOUR scores were markedly lower compared to the 
SEBES ≤2 group (p = 0.00). Conversely, m FISHER, 
WFNS, Hunt-Hess, and mRS scores were markedly 
higher in the SEBES >2 group (p = 0.00).

Regarding prognosis, discharge GCS and FOUR 
scores were lower in the SEBES >2 group, whereas 
the mRS score was higher (p = 0.00). Additionally, 
1st-month and 3rd-month mortality rates were 
markedly higher in the SEBES >2 group compared 
to the SEBES ≤2 group (p = 0.03 and p<0.001, 
respectively). Furthermore, the duration of ventilator 
support in the ICU was markedly longer in the high 
SEBES group (p = 0.01).

Table 4. Comparison of demographic characteristics, vascular risk factors, and mortality outcomes between patients with higher (SEBES >2) 
and lower (SEBES ≤2) subarachnoid early brain edema scores
Variables SEBES ≤2 (Group 1, n=27) SEBES >2 (Group 2, n=23) p-value
Age (years) 53.18 ± 22.05 56.52 ± 15.91 0.54
Gender (Male, n) 22 19 1.00
HT (n) 14 12 0.60
DM (n) 0 6 0.01
Previous CVD (n) 1 1 0.71
CAD (n) 8 4 0.25
Spontaneous SAH (n) 7 13 0.03
1st-Month Mortality (n) 3 14 0.001
3rd-Month Mortality (n) 3 16 0.001

HT: Hypertension, DM: Diabetes mellitus, CVD: Cerebrovascular disease, CAD: Coronary artery disease.

Table 5. Comparison of admission and discharge clinical scores, ICU length of stay, and duration of ventilator support between patients with 
higher (SEBES >2) and lower (SEBES ≤2) subarachnoid early brain edema scores
Variables SEBES ≤2 (Group 1, n=27) SEBES >2 (Group 2, n=23) p-value
Admission GCS 11.70 ± 3.91 5.69 ± 3.82 0.001
Admission FOUR 12.44 ± 5.06 4.26 ± 5.76 0.001
Admission FISHER 2.40 ± 0.69 3.43 ± 0.59 0.001
Admission mRS 2.44 ± 1.31 4.30 ± 1.105 0.001
Admission WFNS 2.74 ± 1.37 4.43 ± 0.99 0.001
Admission Hunt-Hess 2.70 ± 1.44 4.43 ± 0.99 0.001
ICU Length of Stay (days) 12.52 ± 12.57 15.74 ± 15.18 0.42
Ventilator Support Duration (days) 1.81 ± 3.96 12.35 ± 15.96 0.01
Discharge GCS 13.77 ± 3.24 6.30 ± 5.12 0.001
Discharge FOUR 14.74 ± 4.26 4.83 ± 7.46 0.001
Discharge mRS 2.07 ± 1.46 4.69 ± 1.94 0.001

GCS: Glasgow Coma Scale, FOUR: Full outline of UnResponsiveness, WFNS: World Federation of Neurosurgical Societies, mRS: Modified Rankin Scale, mFISHER: 
Modified Fisher Scale.
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Laboratory test results of the patients were compared. 
No significant difference was found between the 
groups in terms of admission sodium levels. However, 
serum sodium levels on days 3 and 7 were markedly 
higher in the SEBES >2 group (p<0.001). No other 
statistically significant differences were observed in 
the remaining laboratory parameters. The laboratory 
test values and corresponding p-values are presented 
in Table 6.

Multivariable logistic regression analysis for 3-month 
mortality showed that age demonstrated a trend 
toward higher risk (OR 0.75, 95% CI 0.55–1.01, 
p=0.057). None of the other variables, including 
gender, hypertension, subarachnoid hemorrhage 

type, SEBES score, GCS, Fisher score, ICU length of 
stay, or ventilator support duration, were significantly 
associated with mortality. Some variables showed 
very wide confidence intervals, reflecting limited 
event numbers or variable distribution, and should be 
interpreted with caution (Table 7).

Figure 1 illustrates the Exp(B) values and their 95% 
confidence intervals for each variable included in the 
regression analysis. A logarithmic scale was used to 
better visualize the large differences in Exp(B) values. 
The red dashed line represents the point of no effect 
(Exp(B) = 1); variables with values below this line 
indicate a negative association, while those above the 
line suggest a positive association.

Table 6. Comparison of admission and follow-up laboratory findings between patients with higher (SEBES >2) and lower (SEBES ≤2) 
subarachnoid early brain edema scores
Laboratory Parameter SEBES ≤2 (Group 1, n=27) SEBES >2 (Group 2, n=23) p-value
Albumin (g/L) 37.44 ± 5.52 37.82 ± 7.33 0.84
Creatinine (mg/dL) 0.92 ± 0.56 1.18 ± 0.81 0.20
Hemoglobin (g/dL) 11.88 ± 2.05 12.77 ± 2.36 0.16
Platelet Count (10^9/L) 223.22 ± 71.38 233.78 ± 89.17 0.65
Leukocyte Count (10^9/L) 14.26 ± 5.52 16.77 ± 5.09 0.10
Neutrophil (%) 88.09 ± 6.24 85.31 ± 15.80 0.43
Lymphocyte (%) 7.40 ± 4.75 8.14 ± 10.87 0.76
Neutrophil/Lymphocyte Ratio 18.09 ± 12.61 19.77 ± 14.39 0.66
C-Reactive Protein (CRP, mg/L) 39.73 ± 42.57 59.15 ± 73.40 0.27
Procalcitonin (ng/mL) 0.60 ± 0.87 7.83 ± 21.79 0.13
Admission Sodium (mmol/L) 138.74 ± 3.05 140.00 ± 6.37 0.39
Day 3 Sodium (mmol/L) 137.85 ± 4.26 146.87 ± 9.71 0.001
Day 7 Sodium (mmol/L) 136.82 ± 3.65 147.06 ± 13.07 0.001

Table 7. Multivariable logistic regression analysis for 3-month mortality
Variable B SE Wald p-value Exp (B) 95% CI for Exp (B)
Age –0.291 0.153 3.618 0.057 0.747 0.554 – 1.009
Gender –4.075 3.608 1.275 0.259 0.017 0.000 – 20.024
Hypertension (HT) 3.801 2.583 2.165 0.141 44.736 0.283 – 7068.294
Subarachnoid Hemorrhage (SAH) –2.810 2.784 1.019 0.313 0.060 0.000 – 14.105
SEBES –0.253 2.404 0.011 0.916 0.777 0.007 – 86.449
GCS 0.375 0.415 0.815 0.367 1.455 0.645 – 3.285
Fisher Score –1.541 1.783 0.747 0.388 0.214 0.007 – 7.058
ICU Length of Stay (days) 0.326 0.249 1.708 0.191 1.385 0.850 – 2.258
Ventilator Support Duration (days) –1.239 0.999 1.539 0.215 0.290 0.041 – 2.052
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To account for multiple testing, the Holm–Bonferroni 
correction was applied. After adjustment, only SEBES 
remained significantly different between groups in 
Table 2. In Table 4, 1- and 3-month mortality continued 
to show significant associations, whereas other 
variables lost significance. In Table 5, all admission 
and discharge clinical severity scores retained their 
significance after correction, while ventilator support 
duration did not. In Table 6, only Day 3 and Day 7 
sodium levels remained significantly different between 

SEBES groups following adjustment.

Discussion

Predicting the prognosis of patients with SAH remains 
a fundamental yet challenging aspect of clinical 
neurocritical care. Accurate and early prediction 
allows clinicians to tailor interventions, monitor 
complications effectively, and improve overall patient 
outcomes. Despite the existence of various clinical 

and radiological scoring systems, a universally 
accepted, highly predictive tool remains elusive 
(8,9). Among the established prognostic indicators, 
cerebral edema and initial neurological status stand 
out for their strong correlation with delayed cerebral 
ischemia and infarcts (7). EBI, encompassing the 
cascade of pathophysiological changes occurring 
immediately after aneurysmal rupture, including 
increased intracranial pressure (ICP), disruption of 
cerebral autoregulation, and ischemia—has gained 
prominence as a critical determinant of outcome (2,4).

The SEBES has emerged as a simple, reproducible 
radiological tool designed to assess early brain 
edema severity on initial CT imaging in spontaneous 
SAH patients (3,7). This scoring system evaluates two 
predefined CT slices for evidence of cerebral edema, 
producing an objective numerical value indicative 
of brain injury severity. While initially validated in 
aneurysmal SAH, recent studies have suggested 
SEBES’s applicability in non-aneurysmal and even 

Figure 1. Logistic regression analysis of variables
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traumatic SAH populations (1,8). Our study uniquely 
applies the original SEBES system across both 
traumatic and non-traumatic SAH cases, confirming 
its prognostic utility beyond its initial scope.

Our analysis revealed that non-traumatic SAH patients 
had markedly higher early SEBES scores compared 
to their traumatic counterparts, with a notable 
prevalence of hypertension in this group (p=0.05). 
This finding aligns with previous research emphasizing 
hypertension as a risk factor for worse outcomes in 
non-traumatic SAH (10). The non-traumatic group also 
demonstrated worse discharge neurological status 
(p=0.03) and markedly higher mortality rates at one 
and three months (p<0.001). These observations 
corroborate the prognostic significance of early brain 
edema quantified by SEBES, mirroring results from 
Ahn et al. and Said et al., who linked elevated SEBES 
with increased risk of delayed cerebral ischemia and 
unfavorable clinical outcomes (3,7).

In addition to mortality, our data highlighted 
that patients with SEBES scores greater than 2 
experienced prolonged mechanical ventilation and 
longer ICU stays, indicating more severe systemic and 
neurological compromise. This trend underscores 
SEBES’s role not only as a static prognostic marker 
but also as a dynamic indicator of disease severity 
influencing critical care resource utilization. Previous 
investigations, including those by Duan et al., have 
emphasized the utility of SEBES in guiding aggressive 
interventions such as decompressive craniectomy in 
poor-grade aneurysmal SAH, further supporting its 
clinical relevance (11).

Age-stratified analyses reinforce the higher prognostic 
accuracy of SEBES in patients under 60 years old, 
consistent with Eibach et al.’s findings that younger 
patients exhibit a stronger association between brain 
edema severity and outcome (12). This phenomenon 
may reflect age-dependent differences in cerebral 
plasticity and resilience, suggesting that SEBES 
could be particularly valuable in predicting outcomes 
among younger SAH populations.

Regarding the temporal profile of cerebral edema, 
our findings align with the limited but growing body of 
literature indicating edema resolution occurs around 

one week post-ictus (5,13). Patients with persistently 
high SEBES scores also exhibited markedly elevated 
serum sodium levels on days 3 and 7 (p<0.001), 
paralleling previous reports that hypernatremia serves 
as an early biochemical predictor of delayed cerebral 
edema and correlates with increased mortality 
(5,10,14). The mechanisms underlying hypernatremia 
post-SAH may involve osmotherapy administration, 
central diabetes insipidus, or disruption of sodium 
regulation due to hypothalamic injury (5). These 
findings highlight the importance of integrating 
biochemical markers with radiological scores to 
better predict patient trajectories and potentially guide 
tailored interventions.

From a practical standpoint, the ease of SEBES 
application using routine CT scans makes it a 
promising tool for widespread clinical adoption. 
Early identification of patients with severe brain 
edema could inform decisions regarding intensive 
monitoring modalities such as intracranial pressure 
measurement, cerebral oxygenation monitoring, or 
early consideration of surgical decompression (11). 
Additionally, consistent use of SEBES could improve 
interprofessional communication and standardize 
care protocols across neurocritical units, addressing 
a notable gap identified in prior SAH management 
guidelines (7,8).

This study has several limitations. Its retrospective 
design and small sample size limit the strength 
and generalizability of the results. The lack of serial 
imaging data prevented us from evaluating temporal 
resolution or progression of cerebral edema or 
to examine its relationship with delayed infarction 
and large-scale edema. These issues should be 
addressed in future prospective studies (13). Another 
limitation is not to include inflammatory markers and 
detailed hemodynamic vaiables, may have restricted 
the scope of prognostic modeling (2,6).

Despite these limitations, our logistic regression 
analysis confirms that SEBES> 2 is associated with 
poor outcomes in both traumatic and non-traumatic 
SAH. To our knowledge, this is among the first studies 
to extend the application of SEBES to traumatic SAH, 
supporting its broader prognostic utility. Nonetheless, 
before widespread routine use, further validation 
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through large-scale, multicenter prospective trials is 
warranted to refine cutoff values and adapt the scoring 
system for diverse SAH populations.

In conclusion, the SEBES scoring system is a valuable 
radiographic marker that correlates with mortality, 
neurological deterioration, and ICU burden in SAH 
patients. A score >2 is consistently associated with 
worse outcomes, regardless of etiology. These 
findings support the integration of SEBES into 
early neurocritical care decision-making. Future 
prospective multicenter studies with larger cohorts 
and longitudinal imaging follow-up are warranted 
to validate these findings and refine SEBES-based 

prognostic models.
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Introduction

As per the Sepsis-3 definition, sepsis is a life-

threatening organ dysfunction caused by dysregulated 

host response to infection (1). Sepsis represents 

a significant portion of all admissions in intensive 

care units (ICU) throughout the world. Septic shock, 

the most severe form of sepsis, is characterized by 

a need for vasopressors and elevated lactate levels 

and is associated with very high ICU mortality (1-5). 

Worldwide, sepsis is estimated to cause approximately 

20  million deaths annually and account for 31.5% 

of all deaths (6). Sepsis associates an uncontrolled 

inflammatory response, cytokine storm, endothelial 

dysfunction, coagulopathy, and impairment in 

microcirculation (3). Standard management 

includes source identification, rapid broad-spectrum 

antimicrobial therapy, appropriate fluid resuscitation, 

and organ support. However, despite these therapies, 

the observed mortality remains very high. Hence, 

adjunct treatment strategies are required (7).

In recent years, hemoadsorption based therapies 

have been proposed as an adjunct treatment to the 

Clinical efficacy of a protocol-based hemoadsorption therapy in patients with 
septic shock
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ABSTRACT

Introduction: Hemoadsorption (HA) removes circulating inflammatory mediators and is used as an adjunct in septic shock. We assessed 
whether a protocol-based HA330 strategy improved early organ dysfunctions and outcomes.

Materials and Methods: We performed an observational study of adults with septic shock admitted to a 59-bed mixed ICU (January 2023–
June 2024). We compared outcomes of patients who were treated with HA, to those who received standard of care alone.

Results: During the study period, 52 of 127 septic shock patients received hemoadsorption therapy (HA group), while 75 received standard 
care (control group). On ICU admission age, sex, comorbidity, APACHE II, and SOFA scores were similar. By day 3, SOFA score decreased 
with HA (8 [5–11] to 7 [5–9]; p<0.05) but was unchanged in controls. Vasoactive inotropic score declined in both groups, more prominently 
with HA. Mechanical ventilation requirement and ICU length of stay were comparable. AKI decreased from 71.2% to 46.2% in the HA but 
increased from 44.0% to 50.7% in the control group. Hospital stay was longer with HA (29,5 [18-47,75] vs 19 [12-30], p=0.009), whereas 28-
day mortality was lower (30.8% vs 49.8%, p<0.05).

Conclusions: Protocol-based early HA at high vasopressor requirements was associated with improved organ dysfunctions and reduced 
28-day mortality in septic shock patients. 

Keywords: hemoadsorption, septic shock, vasoactive inotropic score, acute kidney injury, intensive care unit, mortality
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standard of care for sepsis or sepsis-like syndrome (8). 

The rationale is to remove harmful substances, such 

as excess cytokines, bacterial endotoxins and toxins, 

selectively or non-selectively from the circulation. The 

goal is to improve hemodynamics, reduce the need for 

vasopressor, preserve organ function, and ultimately 

decrease mortality (3,9). However, the evidence 

supporting the utilization of hemoadsorption in sepsis 

remains scarce and controversial. While some studies 

have reported a faster reduction in vasopressor 

dose (10,11), a decrease in inflammatory markers, 

and clinical improvement with HA treatment, some 

have not (12-14). Therefore, international guidelines 

currently do not recommend the routine use of 

hemoadsorption but encourage further investigations 

in selected patient groups (7). 

Studies systematically examining the effect of 

hemoadsorption therapy on hemodynamic response, 

vasopressor requirement, lactate clearance, SOFA 

score, and organ functions are limited in number and 

have heterogeneous treatment protocols. Therefore, 

adequately designed clinical studies are needed to 

clarify the true clinical efficacy of hemoadsorption 

therapy, the patient groups likely to benefit from it, and 

the factors determining response to treatment.

In Türkiye, reimbursement for hemoadsorption (HA) 

by healthcare insurance was introduced in 2014. It 

was included in our institutions’ sepsis management 

protocol in 2021. However, due to budget restrictions, 

it was only available during certain periods of time. We 

sought to compare outcomes of patients with sepsis 

who received HA therapy (admitted during periods 

where the device was available) and controls (when it 

was not available at our center).

Materials and Methods

This observational cohort study was conducted in a 59-

bed mixed ICU. Our center is a closed-unit ICU where 

extracorporeal therapies (extracorporeal membrane 

oxygenation (ECMO), hemodialysis, hemoadsorption, 

plasmapheresis) can be provided 24/7 by intensive 

care specialists, intensive care subspecialty residents, 

and anesthesiology and reanimation residents.

Study population: All adult (≥18 years) patients who 

met Sepsis-3 diagnostic criteria for septic shock and 

were admitted to our ICU for a duration of more than 

24 hours were considered for inclusion in the study (1). 

We excluded pregnant or lactating women, patients 

with advanced malignancies and those with missing 

data. Patients who received hemoadsorption with the 

HA330 cartridge (HA group) were matched with septic 

patients who had similar APACHE II, SOFA, and age 

measurements at ICU admission but did not receive 

HA therapy (control group).

Standard of care

In our ICU, standard of care for sepsis corresponds 

to the Surviving Sepsis Campaign (SSC) international 

guidelines (7). Briefly, this includes, early recognition, 

identification and control of the source, obtaining 

appropriate cultures, initiation of broad-spectrum 

antibiotic therapy, fluid resuscitation with 30 mL/kg 

of crystalloid fluid and initiation of vasopressor (first 

choice norepinephrine) if mean arterial pressure (MAP) 

remained <65 mmHg despite fluid resuscitation. 

When norepinephrine dose exceeded 0.25 µg/kg/

min or hemodynamic instability persisted despite 

increasing vasopressor requirements, hydrocortisone 

(200 mg/day) was added, and a second vasopressor 

agent started. 

Hemoadsorption protocol

According to our protocol, hemoadsorption is 

considered in patients with sepsis, when despite 

all measures described above, the norepinephrine 

dose exceeds 0.20-0.25 µg/kg/min. This threshold 

is considered as indicative of refractory septic shock 

and of a high inflammatory response. When CRRT 

is applied, hemoadsorption therapy consists of the 

insertion of an HA 330 (Jafron Biomedical Co., Ltd., 

Zhuhai, China) cartridge within the CRRT device.When 

no CRRT is provided, similar cartridges are used but in 

hemoperfusion mode within a dedicated device. Once 
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initiated, hemoadsorption therapy is administered 

once daily for an aimed duration of 3 days. Consistent 

with reports in which hemoperfusion sessions were 

extended up to 8 hours in selected settings (15) we 

used a treatment duration of approximately 6–8 hours, 

with flow rates ranging between 150 and 250 mL/min.

Data Collection: Eligible patients were identified 

and data retrieved from their electronic medical 

records as well as from daily ICU observation charts. 

Patients’ age, gender, body mass index, comorbid 

diseases, and admission diagnoses were recorded 

as well as clinical parameters and laboratory results 

obtained during ICU admission. We assessed acute 

kidney injury (AKI) presence and stage according to 

kidney disease: improving global outcomes (KDIGO). 

Glasgow coma scale (GCS), acute physiology 

and chronic health evaluation II (APACHE II), and 

sequential organ failure assessment score (SOFA) 

were calculated upon ICU admission. Initial AKI and 

vasoactive inotropic score (VIS) were calculated 

at the time septic shock was diagnosed, and then 

recalculated daily for the first three days. In addition, we 

recorded administered treatments (vasoactive drugs, 

antibiotics), interventions (mechanical ventilation, 

hemodialysis, hemoadsorption, plasmapheresis, 

ECMO) and complications. Finally, 28-day mortality 

was recorded. 

Outcomes: Our primary outcome was 28-day 

mortality. Our secondary outcomes included ICU 

and hospital length of stay (LOS), duration of 

mechanical ventilation, changes in SOFA score, organ 

dysfunctions, as well as vasopressor and inotrope 

requirements.

Sample Size: Based on prior evidence, to detect a 

23.6% reduction in ICU mortality associated with the 

intervention with 80% statistical power, a two-sided 

95% confidence interval, and a 1:1 allocation ratio, a 

minimum of 48 patients per group was required (16).

Ethical Issues: The study was approved by Marmara 

University Medical Faculty Research and Ethics 

Committee (approval no: 09.2024.811). The research 

was conducted in conformity with the Declaration of 

Helsinki and Good Clinical Practice guidelines. As this 

study had a retrospective design and was based on 

the analysis of routinely collected, anonymized clinical 

data, informed consent from individual patients could 

not be obtained and the need for informed consent 

was therefore waived in accordance with current 

ethical guidelines.

Data evaluation and statistical analysis

Statistical analyses were performed using SPSS 

Statistics, version 22.0 (IBM Corp., Armonk, NY, 

USA). The Shapiro–Wilk test was used to assess the 

normality of distribution for continuous variables. 

Categorical variables are presented as counts and 

percentages. Continuous variables with a normal 

distribution are expressed as mean ± standard 

deviation, whereas non-normally distributed variables 

are expressed as median and interquartile range 

(IQR). Between-group comparisons of continuous 

variables were performed using the independent-

samples t test for normally distributed data and the 

Mann–Whitney U test for non-normally distributed 

data. Within-group comparisons of continuous 

variables were conducted using the Wilcoxon signed-

rank test. For the within-group analysis of more than 

two numerical variables, repeated-measures ANOVA 

was used; when the assumptions of this test were 

not met, the Friedman test was applied. Categorical 

variables were compared using the chi-square test or 

McNemar test, as appropriate; when the assumptions 

for the chi-square test were not met, Fisher’s exact 

test was applied. A two-sided p-value < 0.05 was 

considered statistically significant

Results

Patients: During the study period, 2533 patients were 

admitted to our unit. Of those, as shown in Figure 1, 

we excluded 1399 who had did not have sepsis, 32 

who were <18 yo and 272 who stayed less than 24 
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Figure 1. Flow diagram of patients selection

ICU, Intensive care unit.

hours in ICU, 46 who were pregnant or breastfeeding 

and 291 who missing data. In addition, another 366 

were excluded from the analysis as they died within 

the first 24 hours (129) or had advanced malignancies 

(237). Hence, 127 were eligible to enter the study. Of 

these, 52 received hemoadsorption (HA group), and 

75 did not (control group).

The two groups and their baseline characteristics are 

described in Table 1. Overall, there were no significant 

differences at baseline between the two groups sex, 

body mass index, Charlson comorbidity index. There 

were imbalances in the source of sepsis. Indeed, 

pulmonary infections were more frequent in the 

control group (58.7% vs. 23.1%, p<0.001), whereas 
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bloodstream infections were more common in the 

HA group (26.9% vs. 8.0%, p<0.05). Gram-negative 

organisms tended to be more frequent in the HA 

group, and gram-positive organisms in the control 

group (Table 2).

Primary outcome: 28-day mortality

Compared with patients in the control group, patients 

in the HA group had a lower 28-day mortality (30.8 

versus 49.3%, p = 0.037) (Table 3). 

Secondary outcomes

Clinical outcomes

Compared with the control group, patients in the HA 

group had similar ICU LOS but longer hospital LOS (21 

vs 13, p=0.079 and 29.5 vs 19, p=0.009, respectively). 

The duration of mechanical ventilation was determined 

to be 13 (5.5-31.5) days in the HA group and 10 (7-19) 

days in the control group (p>0.05) (Table 4).

Table 1. Demographic characteristics, ICU disease severity scores and VIS score

Parameters
Hemoadsorption group  

(52; 40,9%) Median (IQR)
Control group 

(75; 59,1%) Median (IQR)
P value

Age, mean±SD 51,73±18,97 57,88±20,80 0,075
Gender, n(%) 0,534

Male 32 (61,5) 42 (56,0)
Female 20 (38,5) 33 (44,0)

Body mass index,  mean±SD (kg/m2) 28,18±6,62 27,45±6,47 0,352
Height 168 (160-175) 169 (160-175) 0.308
Weight 80 (68,5-88.0) 78 (66-83) 0.272

Charlson comorbidty index 3 (1-4) 2 (4-6) 0,156
ICU Scores
APACHE II 22 (18-26) 20 (15-25) 0,102
GCS first day 7 (3-11) 7 (3-11) 0,678
GCS 2. day 8 (3-11) 7 (3-11) 0.739
GCS 3. day 9 (3-15) 8 (4-13) 0.698
SOFA first day 8 (5-11) 8 (5-11) 0,973
SOFA 2. day 8 (6-9) 9 (7-11) 0.073
SOFA 3. day 7 (5-9) 8 (6-11) 0.046
VIS first day 18.5 (5.5-33.5) 12 (5-24) 0.171
VIS 2. day 6 (0-30) 10 (4-20) 0.550
VIS 3. day 3 (0-24) 6.5 (0-18) 0.442
Noradrenaline first day (mg/day) 11,88 (5.26-28.60) 10.28 (4.60-19.04) 0.116
Noradrenaline 2. day (mg/day) 11.36 (2.0-28.76) 8.60 (3.98-16.72) 0.452
Noradrenaline 3. day (mg/day) 7.84 (3.32-24.56) 8.44 (3.80-14.57) 0.551
Adrenaline first day (mg/day) 9.40 (2.30-16.25) 6.65 (3.0-12.0) 0.507
Adrenaline 2. day (mg/day) 7.53 (1.61-19.31) 5.35 (1.29-13.99) 0.526
Adrenaline 3. day (mg/day) 6.77 (1.05-25.61) 3.05 (0.75-32.50) 0.604
Adrenaline, n (%) 25 (48.1) 31 (41.3) 0.452
Terlipressin, n (%) 9 (17.3) 14 (18.7) 0.845
Methylen blue, n (%) 2 (3.8) 2 (2.7) 0.543
Steroid, n (%) 25 (48.1) 34 (45.3) 0.760

ICU: intensive care unit; APACHE: acute physiology and chronic health evaluation; GCS: Glasgow coma scale; SOFA: sequential organ failure assessment; VIS: 
vasoactive-inotropic score; SD: standard deviation; IQR: inter quartile range.
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Table 2. Infection parameters

Enfection Parameters
Hemoadsorption Group 

(52; 40,9%) Median (IQR)
Control Group 

(75; 59,1%) Median (IQR)
P value

Procalcitonin first day 2.86 (0.80-11.91) 1.29 (0.25-5.0) 0.098
Procalcitonin 2. day 7.38 (2.65-24.86) 1.85 (0.29-6.16) <0.001
Procalcitonin 3. day 6.40 (2.98-25.54) 2.0 (0.28-7.76) <0.001
CRP first day 138 (49-237) 128 (59-213) 0.928
CRP 2. day 145 (89-272) 143 (71-225) 0.653
CRP 3. day 122 (69-203) 125 (72-200) 0.955
Enfection sources, n (%)
Lung 12 (23.1) 44 (58.7) <0.001
Blood circulation 14 (26.9) 6 (8.0) 0.004
Urinary system 3 (5.8) 3 (2.7) 0.399
Central catheter 3 (5.8) 2 (2.7) 0.399
Central nervous system 0 (0) 2 (2.7) 0.513
Intraabdominal 6 (11.5) 4 (5.3) 0.173
Surgical site 2 (3.8) 1 (1.3) 0.315
Culture negative 12 (23.1) 14 (18.7) 0.545
Pozitive culture, n (%)
Gram negative
Acinetobacter baumannii 11 (21.2) 27 (36.0) 0.072
Klebsiella Pneumonia 10 (19.2) 15 (20.0) 0.915
Pseudomonas Aeruginosa 9 (17.3) 9 (12.0) 0.399
Other Gram negative 18 (34.6) 7 (9.3) <0.001
Gram positive
Staph Aureus 2 (3.8) 10 (13.3) 0.064
Streptococus pneumoniae 2 (3.8) 3 (4.0) 0.669
Other Gram positive 2 (3.8) 2 (2.7) 0.543
Fungal
Candida albicans 5 (9.6) 0 (0) 0.010
Candida auris 4 (7.7) 1 (1.3) 0.090
Other fungal 1 (1.9) 2 (2.7) 0.635

CRP: C-reactive protein, IQR: inter quartile range.

Organ dysfunctions

As shown in Figure 2, SOFA scores were similar 

between the two groups on days 1 and 2, but lower 

on day 3 in the HA group (7 [5-9] versus 8 [6-11], 

(p<0.05). 

Within 72 hours of ICU admission, there was no 

difference between the two groups in terms of 

VIS Score, noradrenaline or adrenaline doses or 

the proportions of patients receiving adrenaline, 

methylene blue, terlipressin, and steroids (Table 1). 

Similarly, there was no difference in terms of MAP or 

heart rate (Table 5). 

The proportion of patients requiring mechanical 

ventilation was similar (94.2% vs 93.3%), in the two 

groups. There was no difference between the two 

groups in terms of FiO2, PEEP, pressure support 

values, PaO2/FiO2 ratios. Arterial blood gas analyses 

showed no between-group differences in pH, lactate, 
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or other parameters (p>0.05). In the within-group 

analysis, a significant decrease in lactate level was 

observed in the HA group on day 3 (1.5 [1.1–2.2]) 

compared with day 1 (1.9 [1.3–3.9]) and day 2 (2.2 

[1.2–4.1]), whereas no significant change in lactate 

was detected in the control group (Figure 2).

There was no difference in terms of GCS scores.

Acute kidney injury (AKI) was significantly more 

common in the HA group on day 1 (71.2% vs. 44.0%, 

p<0.05). However, the proportion was similar in 

the two groups on days 2 and 3 as well as on ICU 

discharge (46.2% vs. 50.7%, p>0.05) (Table 3). In 

the within-group analysis, AKI rates remained stable 

across day 1, day 2, day 3, and the last ICU day in 

the control group, whereas in the HA group the AKI 

Table 3. Acute kidney injury, CRRT rates, length of stay, and 28-day mortality

Parameters
Hemoadsorption Group 

(52; 40,9%) n (%)
Control Group 

(75; 59,1%) n (%)
P value

AKI first day 37 (71,2)a 33 (44.0) 0,002
AKI 2. day 31 (59.6)b 35 (46.7) 0.151
AKI 3. day 29 (56.9)c 36 (48.6) 0.366
AKI last day 24 (46,2) 38 (50.7) 0,617
AKI stage first day 0.010

Non-AKI 15 (28.8) 42 (56.0)
AKI stage 1 15 (28.8) 8 (10.7)
AKI stage 2 7 (13.5) 8 (10.7)
AKI stage 3 15 (28.8) 17 (22.7)

AKI stage 2. day 0.538
Non-AKI 21 (40.4) 40 (53.3)
AKI stage 1 8 (15.4) 10 (13.3)
AKI stage 2 8 (15.4) 8 (10.7)
AKI stage 3 15 (28.8) 17 (22.7)

AKI stage 3. day 0.631
Non-AKI 22 (43.1) 38 (51.4)
AKI stage 1 12 (23.5) 13 (17.6)
AKI stage 2 4 (7.8) 5 (6.8)
AKI stage 3 13 (25.5) 18 (24.3)

AKI lastday 0.948
Non-AKI 28 (53.8) 37 (49.3)
AKI stage 1 6 (11.5) 11 (14.7)
AKI stage 2 4 (7.7) 6 (8.0)
AKI stage 3 14 (26.9) 21 (28.0)

CRRT 37 (71,2) 20 (26,7) <0.001
CRRT total days, median (IQR) 10 (3-24) 5 (2-6) 0.016
Length of stay
ICU LOS, day median(IQR) 21 (10-36) 13 (8-23) 0,079
Hospital LOS, day median(IQR) 29,5 (18-47,75) 19 (12-30) 0,009
Mortality 
28 day mortality 16 (30,8) 37 (49,3) 0,037

AKI: acute kidney injury; LOS: Length of stay, CRRT: Continuous renal replacement therapy, IQR: inter quartile range.
a: 1. day versus lastday (p<0.05), b: 2. day versus lastday (p<0.05), c: 3. day versus lastday (p<0.05)
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Figure 2. VIS, SOFA, GCS, CRP, Pocalcitonin, lactate and vasopressors trend graphs
a: 1. day versus 2.day (p<0.05), b: 1. day versus 3.day (p<0.05), c: 2. day versus 3.day (p<0.05)
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rate on the last ICU day was significantly lower than 

on each of the first three days. No between-group 

differences in creatinine levels were observed. Fluid 

balance over the three-day period was similar in both 

groups (Table 4). CRRT use was significantly higher in 

the HA group (71.2% vs. 26.7%, p<0.001), and CRRT 

duration was longer in the HA group (p<0.05). 

Hemoglobin level on day 3 was significantly lower in 

the HA group (8.2 [7.8–9.6]) compared with the control 

group (9.0 [8.2–10.1]) (p<0.05). Platelet counts were 

lower in the HA group from day 1 onwards, and this 

difference was statistically significant on days 2 and 3 

(Figure 3). Within groups, platelet counts decreased 

significantly in both arms, with a more marked decline 

in the HA group (p<0.001).

Procalcitonin levels were significantly higher in the 

HA group on days 2 and 3 (day 2: 7.38 [2.65–24.86] 

vs. 1.85 [0.29–6.16]; day 3: 6.40 [2.98–25.54] vs. 2.0 

[0.28–7.76]; p<0.001 for both). No difference was 

observed between groups in CRP levels.

Table 4. Mechanical ventilation and blood gas parameters

Parameters
Hemoadsorption Group 

(52; 40,9%) Median (IQR)
Control Group 

(75; 59,1%) Median (IQR)
P value

Mechanical ventilation and blood gas parameters
Mechanical ventilation, n(%) 49 (94.2) 70 (93.3) 0.838
Mechanical ventilation duration (day) 13 (5.5-31.5) 10 (7-19) 0.462
FiO2 (%) first day 40 (30-50) 40 (30-60) 0.397
FiO2 (%) 2. day 35 (30-50) 40 (30-50) 0.605
FiO2 (%) 3. day 35 (30-50) 35 (30-50) 0.770
PEEP first day 6 (5-8) 6 (6-8) 0.902
PEEP 2. day 6 (5-8) 6 (6-8) 0.921
PEEP 3. day 6 (6-8) 6 (6-8) 0.861
PS first day 15 (13-18) 15 (12-18) 0.708
PS 2. day 15 (13-18) 15 (12-18) 0.477
PS 3. day 14 (12-18) 16 (12-18) 0.871
PaO2/FiO2 ratio first day 280 (189-371) 282 (163-376) 0.540
PaO2/FiO2 ratio 2. day 287 (211-396) 321 (208-408) 0.667
PaO2/FiO2 ratio 3. day 279 (161-407) 290 (179-393) 0.633
Ph first day 7.42 (7.33-7.47) 7.41 (7.34-7.48) 0.569
Ph 2. day 7.43 (7.38-7.46) 7.43 (7.37-7.48) 0.402
Ph 3. day 7.42 (7.35-7.47) 7.45 (7.38-7.49) 0.217
Lactate first day 1.9 (1.3-3.9) 1.7 (1.2-2.8) 0.251
Lactate 2. day 2.2 (1.2-4.1) 1.8 (1.2-2.6) 0.128
Lactate 3. day 1.5 (1.1-2.2) 1.8 (1.2-2.7) 0.115

FiO2: fraction of inspired oxygen; PEEP: positive end-expiratory pressure; PS: pressure support; PaO2/FiO2: partial pressure of oxygen/ fraction of inspired oxygen; IQR: 
inter quartile range.
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Table 5. Hemodynamic monitoring and laboratory parameters

Parameters
Hemoadsorption Group 

(52; 40,9%) Median (IQR)
Control Group 

(75; 59,1%) Median (IQR)
P value

MAP min first day 67 (61-71) 65 (61-71) 0.521
MAP min 2. day 70 (60-76) 67 (61-73) 0.413
MAP min 3. day 69 (64-74) 67 (60-75) 0.370
MAP max first day 92 (86-102) 94 (87-104) 0.576
MAP max 2. day 94 (87-104) 91 (82-104) 0.481
MAP max 3. day 99 (90-105) 94 (87-102) 0.077
Heart rate min first day, mean±SD 83±18 79±17 0.247
Heart rate min 2. day, mean±SD 73±24 79±18 0.101
Heart rate min 3. day, mean±SD 75±18 77±20 0.506
Heart rate max firstday, mean±SD 113±22 115±23 0.766
Heart rate max 2. day, mean±SD 111±23 116±23 0.245
Heart rate max 3. day, mean±SD 108±25 110±22 0.567
Hemoglobin first day 9,6 (8.3-11.2) 9.6 (8.5-10.7) 0.944
Hemoglobin 2. day 8.4 (7.9-9.9) 9.0 (8.0-10.2) 0.311
Hemoglobin 3. day 8.2 (7.8-9.6) 9.0 (8.2-10.1) 0.023
Platelet firstday 170 (85-246) 204 (115-293) 0.226
Platelet 2. day 92 (55-185) 182 (108-254) 0.001
Platelet 3. day 95 (54-144) 154 (102-231) <0.001
Leukocyte first day 11.5 (7.9-17.3) 12.1 (8.4-18.0) 0.799
Leukocyte 2. day 13.1 (8.8-17.0) 11.2 (7.3-16.3) 0.207
Leukocyte 3. day 11.3 (8.1-16.4) 9.9 (6.9-14.6) 0.173
Lymphocyte first day 1.1 (0.7-1.7) 1.1 (0.7-1.9) 0.858
Lymphocyte 2. day 0.8 (0.6-1.2) 1.2 (0.6-1.7) 0.095
Lymphocyte 3. day 1.0 (0.6-1.3) 1.1 (0.5-1.5) 0.572
Bilirubin firstday 1.0 (0.7-1.3) 1.1 (0.6-1.5) 0.774
Bilirubin 2. day 1.1 (0.8-2.1) 1.0 (0.6-1.2) 0.103
Bilirubin 3. day 1.1 (0.8-1.8) 1.0 (0.6-1.6) 0.116
Creatinine first day 1.22 (0.69-2.04) 0.93 (0.64-1.79) 0.189
Creatinine 2. day 1.40 (0.68-2.18) 0.93 (0.60-1.71) 0.149
Creatinine 3. day 1.19 (0.61-3.48) 1.02 (0.57-1.63) 0.179
Input firstday 4091 (3065-5064) 3790 (2697-5171) 0.667
Input 2. day 3959 (3161-5327) 3707 (2850-4720) 0.268
Input 3. day 3742 (2930-4228) 3368 (2553-4297) 0.411
p value (Input within-group analysis) 0.074 0.014b,c

Output firstday 1530 (1007-2626) 2090 (1265-2880) 0.169
Output 2. day 2070 (1080-3070) 2140 (1600-3070) 0.497
Output 3. day 2640 (2110-3640) 2491 (1692-3335) 0.292
p value (Output within-group analysis) 0.021b 0.015a,b

Balance first day 2162 (516-3699) 1588 (486-3516) 0.479
Balance 2. day 1817 (525-3212) 1200 (360-2372) 0.110
Balance 3. day 730 (11-2075) 778 (-150-1813) 0.927
p value (Balance within-group analysis) 0.002b,c 0.006a,b,c

MAP: mean arterial pressure; SD: standard deviation; IQR: inter quartile range.
a: 1. day versus 2.day (p<0.05), b: 1. day versus 3.day (p<0.05), c: 2. day versus 3.day (p<0.05)
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Discussion

We conducted a matched control study to evaluate the 

effect of hemoadsorption in patients with septic shock 

requiring more than 0.2 mcg/kg/min of noradrenaline. 

We found that, despite a higher infection burden 

and a greater frequency of AKI in patients receiving 

HA, the intervention was associated with a lower 28-

day mortality rate compared with patients receiving 

conventional therapy. The length of hospital stay was 

longer in the HA group, which may be explained by 

the lower mortality in this group compared with the 

control group. The intervention was associated with 

a lower SOFA score on day 3. There was no other 

difference in terms of physiological parameters except 

for a mild decrease in hemoglobin and a significant 

decrease in platelet count. 

The lower mortality observed in the HA group is 

particularly noteworthy given the conflicting results in 

the literature (14). Although randomized controlled trials 

have reported no significant effect of hemoadsorption 

on mortality (13,14), observational studies in septic 

shock patients with a high inflammatory burden have 

described improvements in survival (10,11,17,18). This 

variability may be related to differences in patient 

selection, sepsis severity, and timing of treatment 

initiation. In our cohort, the observation that treated 

patients had a lower mortality rate despite a more 

severe baseline profile suggests that the timing of 

hemoadsorption may play a critical role in clinical 

outcomes. Specifically, initiating treatment at the 

refractory shock stage, defined as a norepinephrine 

dose >0.20-0.25 µg/kg/min may partly explain the 

mortality difference observed in our study.

VIS has been validated as an independent predictor 

of mortality in adult patients with septic shock; higher 

mean and peak VIS values in the first 48 hours are 

strongly associated with non-survival (19). With 

regard to hemodynamic response, the absence 

of a significant difference between groups in VIS, 

norepinephrine, and adrenaline doses over the first 

three days is an expected finding and aligns with 

previous reports indicating that hemoadsorption 

may not lead to a dramatic reduction in vasopressor 

requirements within the first 24–72 hours (8,13). 

Hemoadsorption was associated with a decrease in 

SOFA scores by day 3. This is consistent with reports 

of improved organ function by reducing inflammatory 

load with hemoadsorption (3,9). In addition, the 

reduction in vasopressor requirement together with 

the decrease in inflammatory burden may have 

improved vascular tone and tissue perfusion, thereby 

supporting organ recovery. The significant decrease 

in lactate levels in the HA group, as an indicator of 

improved microcirculation and perfusion, further 

reinforces this interpretation.

A larger proportion of patients from the HA group had 

AKI on day 1 and ultimately required CRRT. However, 

this difference disappeared over the 3 days follow-

up suggesting a beneficial effect of hemoadsorption 

on renal dysfunction. This finding is consistent with 

studies indicating that hemoadsorption may help 

preserve renal perfusion by removing endotoxins 

and proinflammatory cytokines (3,9). Lower ICU or 

30-day mortality were also observed in cohorts of 

patients with septic shock and AKI requiring CRRT 

when hemoadsorption was administered. (20) Such 

improvements in organ function, including AKI and 

liver dysfunction, may translate into better long-term 

survival (13), although this remains to be demonstrated 

(21,22).

The higher procalcitonin levels in the HA group on 

days 2 and 3 is unexpected. It might potentially be 

explained by a different type of infection foci. Indeed, 

bloodstream infections were more frequent in the 

HA group, whereas pulmonary infections were more 

common in the control group.

Interpretation

Altogether, our findings indicate that hemoadsorption 

may be beneficial when applied to the appropriate 

patient population at an appropriate time point in the 
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Figure 3. Mechanical ventilation, vital signs and laboratory parameters
a: 1. day versus 2.day (p<0.05), b: 1. day versus 3.day (p<0.05), c: 2. day versus 3.day (p<0.05)
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disease course. The potential of hemoadsorption 

to improve survival appears particularly relevant in 

cases with a high infection load, refractory shock, and 

rapidly evolving organ dysfunction. 

The observed longer length of hospital stay in the HA 

group, may be explained by the lower mortality in this 

group compared with the control group. 

Strengths and limitations

One of the main strengths of this study is the evaluation 

of hemoadsorption therapy using a large, detailed 

dataset of critically ill patients with septic shock. 

A thorough analysis of hemodynamic, laboratory, 

and organ function parameters was performed. In 

addition, strict adherence to the Surviving Sepsis 

Campaign guidelines in both groups enabled a 

reliable evaluation of the incremental contribution 

of hemoadsorption within a standardized treatment 

framework. Importantly, the use of a protocol-based 

HA strategy in our unit strengthens the internal validity 

and interpretability of the findings.

However, the study also has limitations to be 

acknowledged. First, its retrospective design precludes 

definitive conclusions about causality and does not 

fully eliminate the risk of selection bias. However, we 

have performed careful matching to identify a control 

group with similar baseline characteristics. Second, 

the single-center setting may limit the generalizability 

of the findings, as patient characteristics and treatment 

protocols may reflect local practice patterns. Thirdly, 

residual confounding may be present, as suggested 

by the higher incidence of AKI on day 1 and higher 

procalcitonin levels in the HA group. However, this 

should bias our results against the intervention, 

overall strengthening our main result. Finally, the 

lack of long-term follow-up data, such as renal 

function, readmission rates, or health-related quality 

of life, limits our ability to evaluate the late effects of 

hemoadsorption therapy.

Conclusion

Early protocol based hemoadsorption was associated 

with an improved 28 days mortality, a decrease 

SOFA score in critically ill patients with septic shock. 

These results should be confirmed in prospective, 

randomized controlled trials.
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Introduction

Sepsis is life-threatening clinical syndrome 

characterized by organ dysfunction that is caused 

by the host’s exaggerated immune response to an 

infection (1). Acute kidney injury (AKI), one of the 

most common organ dysfunctions caused by sepsis, 

occurs in approximately 40–50% of septic patients, 

resulting in a 6–8-fold increase in mortality (2).

Sepsis induced-AKI (SI-AKI) differs from other 

etiologies in terms of its pathophysiological basis 

(2,3,4). The changes in kidney function occurring in 

the early periods of SI-AKI can be regarded as clinical 

and biochemical reflections of adaptive responses that 

arise as a survival response (2). For this reason, renal 

damage in the early periods of SI-AKI is functional 

rather than structural (2). The early detection of such 

damage and taking the necessary precautions may 
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diagnosis of sepsis-induced acute kidney injury in rats
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ABSTRACT

Objective: This study evaluates the diagnostic performance of renal resistive index (RRI) and urinary cell cycle arrest biomarkers for early 
detection of sepsis-induced acute kidney injury (AKI) in a rat model using cecal ligation and puncture (CLP).

Materials and Methods: Sixty female Wistar Albino rats were allocated into six groups (n=10): five CLP groups based on measurement 
timing (3, 6, 12, 24, and 48 hours post-procedure) and one sham group. Following CLP, RRI measurements were performed, and blood, 
urine, and tissue samples were collected before sacrifice. Urinary tissue inhibitor of metalloproteinase-2 (TIMP-2) and insulin-like growth 
factor binding protein-7 (IGFBP-7) were quantified via enzyme-linked immunosorbent assay (ELISA). Serum creatinine and lactate levels were 
measured, and histopathological kidney examination was conducted.

Results: RRI increased significantly at six hours (0.44±0.04), peaking at 24 hours (0.73±0.02) post-CLP. The [TIMP-2×IGFBP-7] combination 
elevated significantly at three hours (P<0.05) versus sham, reaching maximum levels at 48 hours. Strong positive correlations existed 
between histopathological injury severity and IGFBP-7 (p=0.764), TIMP-2 (p=0.779), [TIMP-2×IGFBP-7] (p=0.785), and RRI (p=0.837) (all 
P<0.0001). For predicting grade ≥3 tubular injury (>25% damage), cell cycle arrest biomarkers outperformed serum creatinine and lactate. 
RRI >0.45 demonstrated optimal diagnostic accuracy (sensitivity 89%, specificity 87%).

Conclusions: In this CLP-induced polymicrobial sepsis model, both RRI and urinary cell cycle arrest biomarkers predicted early AKI within 
similar timeframes, with RRI >0.45 showing superior predictive value.

Keywords: sepsis, acute kidney injury, cell cycle arrest biomarkers, renal resistive index, animal model
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reverse this damage before structural alterations 

can occur. Increased serum creatinine, which is in 

common use today in the diagnosis and classification 

of AKI, is affected by various extrarenal factors such 

as body weight, race, gender, body fluid volume, 

several medications, muscle metabolism and protein 

intake, and serves as a weak biomarker, sometimes 

causing a delay of 48–72 hours in the identification 

of an impairment in kidney function (5). Various 

biomarkers released from the kidney into the blood 

and urine after a kidney injury may define AKI in an 

early period before an increase in serum creatinine 

is observed. Although more than 20 biomarkers have 

been described to date for the early diagnosis of AKI, 

none can be defined as the optimum approach (6,7).

The tissue inhibitor of metalloproteinase-2 (TIMP-2) 

and the insulin-like growth factor binding protein-7 

(IGFBP-7) are promising stress biomarkers in the 

early detection of AKI that have been introduced in 

recent years, and may appear 24–48 hours earlier 

than an increase in serum creatinine, with values 

that can be measured in the urine (8). Previous 

studies involving intensive care unit patients have 

reported that a combined analysis of [TIMP-2]-

[IGFBP-7] is superior in performance than serum 

creatinine, urinary and plasma neutrophil gelatinase-

associated lipocalin (NGAL), cystatin-C and kidney 

injury molecule-1 (KIM-1) (6,8,9). Recent studies 

have validated the measurement of urinary cell-cycle 

arrest biomarkers (CCAB), particularly for the early 

diagnosis of postoperative AKI, and there are ongoing 

studies aimed at making definitive recommendations 

regarding the use of these molecules in SI-AKI.

The use of Doppler ultrasound (USG) as a screening 

tool in intensive care units has rapidly become a 

widespread practice. The lack of additional costs 

at each use, being non-invasive, the absence of 

ionizing radiation exposure, and being a dynamic and 

reproducible method are important factors underlying 

the increasingly widespread use of ultrasound in 

intensive care units. Color Doppler USG can non-

invasively visualize the effects of vasoconstriction, 

hypoxia, stress response and hemodynamic changes 

on the kidney (10,11). Changes in the blood flow 

in the intrarenal arch and interlobar arteries can be 

evaluated, while the renal resistive index (RRI) – a 

sonographic index reflecting the resistance to flow 

– can be measured by renal Doppler USG. RRI 

identifies resistance in the kidney vessel, in other 

words, renal vasoconstriction, which is an important 

physiopathological change that occurs in the early 

periods of AKI in patients with sepsis (12). RRI would 

seem to be a promising parameter in predicting 

the development and reversal of AKI in critically ill 

patients, although there have been few studies to date 

assessing the performance of RRI in predicting SI-AKI 

(13,14).

The present study compares the performances of 

RRI and urinary CCAB in the early detection of AKI 

resulting from sepsis in a rat model of polymicrobial 

sepsis induced by the cecal ligation and puncture 

(CLP) method. 

Materials and Method

Experimental study

The animals in this study were kept in accordance with 

the Guide for the Care and Use of Laboratory Animals 

of the National Institute of Health. The protocol for the 

model was reviewed and approved by the Necmettin 

Erbakan University KONÜDAM Experimental Medicine 

Application and Research Center Directorate Local 

Ethics Committee on Animal Experiments. Ethics 

committee meeting dated 18.05.2018 and protocol 

numbered 2018-18.

Acquired for the study were 60 female Wistar Albino 

rates aged five months or above, weighing 300–375 

gr. The rats were placed in cages in an environment 

at 22±1°C and 45–55% humidity, with free access 

to food and water, and were kept on 12 hours dark 

and 12 hours light cycle. The rats were divided into 

five groups of 10 rats based on the time between 

the CLP procedure and the time of measurement 

(3, 6, 12, 24, and 48 hours), and an additional sham 
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group. All interventional and imaging procedures 

were performed under Isoflurane while preserving 

spontaneous respiration, as described earlier (15,16). 

The CLP method was used to create the sepsis model. 

For fluid resuscitation, an intravenous cannula was 

inserted for the administration of fluids at a rate of 10 

ml/kg in the first hour, followed by a rate of 5 ml/kg/

hr throughout the experiment. No antibiotherapy was 

administered to avoid interference in the results due to 

drug-induced kidney injury. A balanced fluid was used 

for resuscitation.

CLP Sepsis Model: All rats were placed in the supine 

position on a heated operating table, with the body 

temperature measured by a rectal probe. The 

abdomen was shaved while paying attention to avoid 

skin damage. The area was wiped with a povidone 

iodine solution twice using an aseptic technique. The 

abdomen was opened with a 2-cm midline incision, 

and the cecum was located and explored. The 

antimesenteric surface of the cecum (comprising 25%) 

was ligated distal to the ileocecal valve using 3/0 silk 

sutures and punctured twice with an 18G needle. The 

cecum was released into the peritoneal cavity after 

observing fecal discharge, and the abdomen was 

closed with 3/0 silk sutures in layers using a simple 

suturing technique. 

RRI was measured and blood, urine and tissue 

samples were collected 3 hours after the CLP 

procedure in Group 1, at 6 hours in Group 2, at 12 hours 

in Group 3, at 24 hours in Group 4, and at 48 hours 

Group 5, and the rats were sacrificed. An intravenous 

cannula was inserted, and fluid resuscitation was 

performed in the rats in the sham-operated group, 

while spontaneous respiration was maintained under 

isoflurane anesthesia, while no CLP procedure was 

performed. RRI was measured by Doppler ultrasound 

at the beginning and end of the procedure. A midline 

laparotomy incision was made to collect blood, urine 

and tissue samples, with a 22-Gauge needle used 

to aspirate urine from the bladder. The left kidneys 

of the rats in all groups were recovered and placed 

in pathology specimen containers filled with 4% 

formaldehyde for histopathological examination. 

Finally, the procedure was ended after collecting 

intracardiac blood samples. The rats were sacrificed 

by cervical dislocation.

The urine samples collected from the bladder 

were stored at -80°C for the measurement of TIMP-

2 and IGFBP-7 using the (ELISA) enzyme-linked 

immunosorbent assay method. The blood samples 

were transferred to blood collection tubes for the 

measurement of serum creatinine, blood gases 

and lactate levels, and the samples were analyzed 

immediately.

Ultrasonographic examination

A linear transducer (12 MHz, GE, Logiq e, USA) 

was used for the sonographic examination, with the 

“vascular imaging” option preselected. While the 

experimental animal was in the supine position, the 

probe was inserted in the transverse plane through the 

midline to acquire images of the aorta. The platform 

was then shifted together with the animal to reach 

the level of the renal artery. The color Doppler mode 

was used to acquire images of the renal artery and 

renal vein. The (PW) pulsed-wave mode was used to 

evaluate blood flow in the renal artery. The indicator 

line in the PW mode was brought to the renal artery in 

the flow direction. Typically, three to five arterial signals 

were acquired from the renal artery. The appearance 

of the waveform was optimized using the lowest pulse 

repetition frequency and the highest possible gain. 

The images of the waveforms indicating the velocity of 

the flow in the artery at peak systole and diastole were 

acquired, and RRI was calculated using the following 

formula:

RRI = (PeakSystolicVelocity – EndDiastolicVelocity) / 

PeakSystolicVelocity

All sonographic examinations were performed by the 

same investigator, who had previous experience in the 

procedure. 
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Examination of urine serum and tissue samples

Serum lactate levels were measured as part of the blood 

gases analysis using an ABL800 FLEX© (Radiometer 

Medical ApS, 2700 Brønshøj, Denmark) analyzer. 

Urinary IGFBP-7 and TIMP-2 levels were measured 

using ELISA technique (SinoGeneClon Biotech Co., 

Ltd. HangZhou, China). The combination of the two 

molecules [IGFBP-7*TIMP-2] was evaluated using 

the following formula, which is reported to be more 

valuable than individual measurements of IGFBP-7 

and TIMP-2 in predicting acute kidney injury(9,17,18):

The rat kidneys fixed in 10% neutral buffered formalin 

solution for histopathological examination were 

subjected to standard tissue-processing steps in an 

automated device and embedded in paraffin blocks. 

Four µm-thick sections, on average, were cut from 

each block using a microtome and mounted on three 

slides, one of which was stained with Hematoxylin 

and Eosin (H&E), one with Periodic acid Schiff (PAS) 

for morphological assessment and one using the 

terminal deoxynucleotidyl transferase-mediated 

dUTP nick-end labeling technique (TUNEL), using 

ApopTag® Peroxidase In Situ Apoptosis Detection 

Kit for the assessment of apoptosis. The tissue 

sections prepared for examination were assessed by 

an experienced pathologist under a light microscope 

attached to a camera (Olympus BX53F; Tokyo, JAPAN) 

in a blind manner. Tubular necrosis and dilatation, 

vacuolar degeneration, the loss of the brush border 

and the cast development, as well as the ratio of 

findings in the percentage of tubules, were assessed 

to determine the tubular damage score. Using the 

Tubular Damage Scoring system, the damage grade 

is expressed at five levels: no damage=0, 1–10% = 

1, 11–25% = 2, 26–50% = 3, 51–75% = 4, >75% = 5 

(19,20). For the assessment of apoptosis, the number 

of TUNEL-positive nuclei in a total of 10 HPF was 

detected on the slides prepared using the TUNEL 

method. 

Statistical analysis

The data was assessed using SPSS Statistics (Version 

19.0. Armonk, NY:IBM Corp.), and tested for normality 

of distribution, with the results. Expressed as mean 

± standard deviation (SD). A Kruskal Wallis test was 

used for multiple comparisons; a Mann-Whitney U test 

with Bonferroni correction was used for paired group 

comparisons; and the relationships between variables 

were analyzed using Pearson’s correlation coefficient. 

The cut-off point for the area under the curve in a ROC 

curve analysis was considered as 0.5. The level of 

significance was set to p< 0.05 in all statistical tests.

Results

RRI was evaluated using a renal Doppler USG, 3, 6, 

12, 24 and 48 hours after the CLP procedure. RRI 

started increasing 3 hours (0.38 ± 0.07) after the CLP 

procedure when compared to the sham group (0.36 

± 0.03), while the increase in RRI started to become 

significant at 6 hours (0.44 ± 0.04) and peaked at 24 

hours (0.73 ± 0.02) after the CLP procedure. Although 

the increase in RRI tended to decrease at 48 (0.66 ± 

0.15) when compared with the mean value at 24 hours 

(0.73 ± 0.02) after the CLP procedure, the difference 

was not statistically significant (p>0.05) (Figure 1). The 

RRI measurements in the sham group and at different 

time points after the CLP procedure are presented in 

Figure 2. 

IGFBP-7 significantly increased at 3 hours (Group1) 

after the CLP procedure when compared to the sham 

group (P<0.05), and TIMP-2 significantly increased 

at 6 hours (Group 2) after the CLP procedure when 

compared to the sham group (P<0.05). A further 

comparison of the rats in the sham group revealed 

that both IGFBP-7 and TIMP-2 molecules were 

significantly increased in the other groups (P<0.05), 

with the highest levels of the two molecules observed 

48 hours after the CLP procedure (Table 1). The 

combined analysis of the two molecules [(IGFBP-
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7×TIMP-2)÷1000 ] showed a significant increase at 3 

hours after the CLP procedure when compared to the 

sham group (P<0.05); and while the values in the test 

groups remained significantly higher than in the sham 

group (P<0.05), the highest values were observed 

at 48 hours after the CLP procedure (Table 1). A 

statistical analysis of serum creatinine and lactate 

levels is presented in Table 1. 

The tissue samples were subjected to a 

histopathological examination and examined for the 

presence of tubular necrosis, loss of brush-border, 

cast formation, vacuolization, and tubular dilatation, in 

an evaluation of tubular damage. The loss of brush-

border, tubular dilatation and vacuolization were the 

prominent findings in a histopathological examination 

following the CLP procedure (Figure 3-6). The Tubular 

Damage Score was used to grade the pathological 

damage (Table 2) and was significantly higher in 

Group 1 (at 3 hours after the CLP procedure) than in the 

sham group, with the highest damage score observed 

in Group 5 (Table 3). The percentage of apoptosis 

was similar across the groups when compared to the 

sham group (P>0.05), and there was no significant 

difference between the groups (P<0.05) (Table 3 and 

Figure 7). 

In an analysis of the correlation between the degree 

of histopathological damage in the kidneys occurring 

after the CLP procedure and the levels of urinary 

CCAB, a strong positive correlation was found 

between the degree of histopathological injury and 

IGFBP-7 (Spearman’s p=0.764, P<0.0001), TIMP-

2 (Spearman’s p=0.779, P<0.0001) and [IGFBP- 

7*TIMP-2] (Spearman’s p=0.785, P<0.0001). 

Furthermore, there was a moderate positive correlation 

between serum creatinine levels and the degree of 

histopathological damage (Spearman’s p=0.412, 

P<0.01). The strongest correlation was noted 

between the RRI measurements and the degree of 

histopathological damage at different time points after 

the CLP procedure (Spearman’s p=0.837, P<0.0001). 

Table 1. Creatinine, lactate, IGFBP-7, TIMP-2, and [IGFBP-7*TIMP-2] values of the groups (Mean ± SD)
Groups Creatinine

(mg/dl)
Lactate

(mmol/lt)
IGFBP-7
(ng/ml)

TIMP-2
(ng/ml)

IGFBP-7*TIMP-2
(ng/ml)2

Sham 0.36 ± 0.02 1.84 ± 0.33 49.20 ± 6.50 5.80 ± 0.97 0.28 ± 0.03
Group 1 0.48 ± 0.06* 2.41 ± 0.51 98.62 ± 35.38* 8.77 ± 2.93 0.93 ± 0.55*

Group 2 0.40 ± 0.07 2.55 ± 0.61 215.03 ± 91.26*† 32.87 ± 20.27*† 7.65 ± 5.18*†

Group 3 0.52 ± 0.10*# 5.17 ± 0.86*†# 219.61 ± 99.66*† 23.13 ± 10.44*† 5.33 ± 3.56*†

Group 4 0.55 ± 0.10*# 5.97 ± 1.18*†# 160.12 ± 48.91*† 24.33 ± 9.38*† 4.08 ± 2.53*†

Group 5 0.48 ± 0.10*# 7.82 ± 1.95*†#π 360.01 ± 180.03*† 53.29 ± 29.56*† 23.33 ±19.96*†

Sham: CLP procedure not performed; Group 1: Measurement 3 hours after the CLP procedure; Group 2: Measurement 6 hours after the CLP procedure; Group 3: 
Measurement 12 hours after the CLP procedure; Group 4: Measurement 24 hours after the CLP procedure; Group 5: Measurement 48 hours after the CLP procedure; CLP, 
Cecal ligation and puncture; IGFBP-7, Insulin-Like Growth Factor Binding Protein-7; TIMP-2, Tissue Inhibitor of Metalloproteinase-2.
*P<0.05, compared with the sham; †P<0.05, compared with group 1; #P<0.05, compared with group 2; πP<0.05, compared with group 3. CLP, cecal ligation and puncture.

Figure 1. Changes in Renal Resistive Index (RRI) across the 
groups

Sham: CLP procedure not performed; Group 1: Measurement 3 hours 
after the CLP procedure; Group 2: Measurement 6 hours after the CLP 
procedure; Group 3: Measurement 12 hours after the CLP procedure; Group 
4: Measurement 24 hours after the CLP procedure; Group 5: Measurement 
48 hours after the CLP procedure; CLP, cecal ligation and puncture. 
*P<0.05, compared to the sham.
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There was also a significant correlation between blood 

lactate levels and histopathological findings in this rat 

model of sepsis (Spearman’s p=0.816, P<0.0001). The 

correlations between the degree of histopathological 

damage and CCAB, serum creatinine, lactate and RRI 

are shown in Figure 8.

An analysis of the correlation between RRI and CCAB 

also showed a strong positive correlation between 

RRI and IGFBP-7 (Spearman’s p=0.686, P<0.0001), 

TIMP-2 (Spearman’s p=0.732, P<0.0001) and 

[IGFBP-7*TIMP-2’] (Spearman’s p=0.718, P<0.0001) 

(Figure 9).

RRI, CCAB and serum creatinine were further 

evaluated in a ROC curve analysis to identify their 

ability to predict a histopathological tubular damage 

score of 3 or greater (more than 25% injury) (Figure 10). 

Figure 2. A sample ultrasonographic measurement of RRI in the groups

Renal Resistive Index (RRI) reflects the relationship between the systolic peak velocity in renal blood vessels and the decrease in the loss of end-diastolic flow 
velocity [RRI= (PSV-EDV) / PSV]. In the present study, RRI increased with increasing tubular damage in the model of sepsis-induced acute kidney injury. A-) 
Measurement in the sham group; B-) Measurement 3 hours after the CLP procedure (Group 1); C-) Measurement 6 hours after the CLP procedure (Group 2); D-) 
Measurement 12 hours after the CLP procedure (Group 3); E-) Measurement 24 hours after the CLP procedure (Group 4); F-) Measurement 48 hours after the CLP 
procedure (Group 5). CLP, cecal ligation and puncture.

Table 2. Tubular damage score (19,20)
Percentage of Damage (%) Damage Score Grade
0% 0 (No damage)
1-10% Grade 1
11-25% Grade 2
26-50% Grade 3
51-75% Grade 4
≥ 76% Grade 5
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Figure 5. The loss of brush-border, vacuolar changes and 
dilated tubules are observed across the groups

The brush-border of the tubules in A (arrow) is regular, while the brush-
border, in general, is preserved in B and vacuolization is rare. The loss of 
brush-border (triangles), vacuolar changes (round) and dilated tubules 
(asterisk) are observed in C,D,E and F A: sham group, B: Group 1, 3 hours 
after the CLP procedure, C: Group 2, 6 hours after the CLP procedure, D: 
Group 3, 12 hours after the CLP procedure, E: Group 4, 24 hours after the 
CLP procedure, F: Group 5, 48 hours after the CLP procedure (PAS; A, B, C, 
E, 200x; D, F, 100x).

Figure 6. Cellular necrosis is shown in the tubules of the groups

Cellular necrosis (arrow) is observed in the tubules in the sham group and 
Group 1, while cellular necrosis is rare in the other groups. A: sham group, 
B: Group 1, 3 hours after the CLP procedure, C: Group 2, 6 hours after the 
CLP procedure, D: Group 3, 12 hours after the CLP procedure, E: Group 
4, 24 hours after the CLP procedure, F: Group 5, 48 hours after the CLP 
procedure, (Hematoxylin and Eosin, A, B, C, 100x; D, E, F, 200x).

Figure 3. Tubular dilatation and depression in the epithelium of 
the dilated tubules

Tubular dilatation and depression in the epithelium of the dilated tubules 
(marked with an asterisk) is observed in a few tubules in the sham 
group, while the number of involved tubules gradually increases from 
Group 1 through to Group 5. A: sham group, B: Group 1, 3 hours after the 
CLP procedure, C: Group 2, 6 hours after the CLP procedure, D: Group 
3, 12 hours after the CLP procedure, E: Group 4, 24 hours after the CLP 
procedure, F: Group 5, 48 hours after the CLP procedure (Hematoxylin and 
Eosin, A, B, C, D, E, F, 40x).

Figure 4. Vacuolization in the tubule epithelium

Vacuolization in the tubule epithelium (round shape) was observed at low 
rates in the sham group and Group 1, while the number of involved tubules 
increased from Group 2 and Group 5. A: sham group, B: Group 1, 3 hours 
after the CLP procedure, C: Group 2, 6 hours after the CLP procedure, D: 
Group 3, 12 hours after the CLP procedure, E: Group 4, 24 hours after the 
CLP procedure, F: Group 5, 48 hours after the CLP procedure, (Hematoxylin 
and Eosin, A, B, C, D, E, F, 200x).
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In the present study, an IGFBP-7 value greater than 

131.3 ng/ml (84% sensitivity, 83% specificity), a TIMP-

2 value greater than 12.87 ng/ml (86% sensitivity, 84% 

specificity) and a [IGFBP-7*TIMP-2] greater than 1.91 

(ng/ml)2 (87% sensitivity, 86% specificity) predicted 

renal injury. An RRI greater than 0.45 predicted renal 

injury with a sensitivity of 89% and a specificity of 87%.

Discussion

In this rat model of sepsis, RRI was measured at 3, 

6, 12, 24 and 48 hours after the CLP procedure to 

identify any impairment in renal circulation in the early 

period, which is considered an early sign of SI-AKI 

(11,14). Increases in RRI values were noted starting at 

3 hours after the CLP procedure, and this increased 

to reach statistical significance at 6 hours. As reported 

by Song et al. in a study of human subjects evaluating 

the ability of RRI to detect SI-AKI in the early period, 

the pulsed-wave Doppler spectrum of the AKI group 

showed a narrow and steep waveform character that 

resulted in a high RRI value, similar wave forms were 

noted in the present study, becoming narrow and spiky, 

and with an increase in RRI that paralleled the degree 

of kidney injury(21). The present study also identified 

a strong positive correlation between RRI values and 

the degree of tubular damage in a histopathological 

examination. The authors believe the change in RRI to 

be a result of the greater decrease in diastolic blood 

flow than in the systolic blood flow, which we attributed 

to the increase in renal vascular resistance caused by 

sepsis induced-inflammation and the impairment of 

microvascular functions. 

A Color Doppler USG can non-invasively visualize 

the effects of hemodynamic changes on the kidneys, 

such as vasoconstriction, hypoxia, stress response 

and shock (10,11). The monitorization of circulation 

using only the routinely-used method takes into 

account only macrocirculation, while RRI measured by 

Doppler USG reflects the resistance to flow rather than 

circulation (14). A decrease in renal diastolic pressure 

resulting from an increase in renal vascular resistance 

surpasses the decrease in systolic pressure. In 

the event of an extreme increase in renal vascular 

resistance, diastolic flow may not be detected, and 

even retrograde flow can be observed (12). RRI can be 

calculated by color Doppler USG for the identification 

of such alterations in renal vascular resistance.

Figure 7. TUNEL-stained sections of the groups

In TUNEL-stained sections, no apoptotic cells are observed in the sham 
group (A) and Group 1 (B), while 1 or 2 apoptotic tubular epithelial cells 
(arrow) are observed in the other groups. A: sham group, B: Group 1, 3 
hours after the CLP procedure, C: Group 2, 6 hours after the CLP procedure, 
D: Group 3, 12 hours after the CLP procedure, E: Group 4, 24 hours after 
the CLP procedure, F: Group 5, 48 hours after the CLP procedure (TUNEL; 
A, B, C, D, F, 200x; E, 400x).

Table 3. Tubular Damage Score and the number of TUNEL-positive 
nuclei (apoptosis) in the groups (Mean ± SD)
Groups Tubular Damage Score Apoptosis (n)
Sham 0 1.40 ± 0.97
Group 1 1.50 ± 0.71* 1.00 ± 0.67
Group 2 2.06 ± 1.03* 1.10 ± 0.74
Group 3 4 ± 0.81* † 1.20 ± 0.63
Group 4 4.40 ± 0.52*†# 2.10 ± 1.10
Group 5 4.90 ± 0.32* †#π 1.60 ± 1.17

Sham: CLP procedure not performed; Group 1: Measurement 3 hours after the 
CLP procedure; Group 2: Measurement 6 hours after the CLP procedure; Group 
3: Measurement 12 hours after the CLP procedure; Group 4: Measurement 24 
hours after the CLP procedure; Group 5: Measurement 48 hours after the CLP 
procedure; CLP, Cecal Ligation and Puncture; Apoptosis, number of TUNEL-
positive nuclei. TUNEL, terminal deoxynucleotidyl transferase-mediated
*P<0.05, compared with the sham; †P<0.05, compared with group 1; #P<0.05, 
compared with group 2; πP<0.05, compared with group 3. CLP, cecal ligation and 
puncture.
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Figure 8. Correlations between the degree of histopathological damage and the biomarkers of cell cycle arrest, serum creatinine, lactate 
and RRI

RRI, Renal Resistive Index; IGFBP-7, Insulin Like Growth Factor Binding Protein-7; TIMP-2, Tissue Inhibitor of Metalloproteinase-2; IGFBP-7*TIMP-2, [IGFBP-
7*TIMP-2/1000].

Figure 9. The correlation between RRI and IGFBP-7, TIMP-2 and [IGFBP-7*TIMP-2]

RRI, Renal Resistive Index; IGFBP-7, Insulin Like Growth Factor Binding Protein-7; TIMP-2, Tissue Inhibitor of Metalloproteinase-2; IGFBP-7*TIMP-2, [IGFBP-
7*TIMP-2/1000].
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The relationship between the alterations in kidney 

function and RRI, and the pulsatility index (PI) 

measured by color Doppler USG was investigated 

in a cisplatin-induced renal toxicity model, and 

reported small animal sonography to be a non-

invasive, sensitive and reproducible method requiring 

a minimum number of laboratory animals, and to be 

an effective tool in the calculation of RRI in the early 

detection of drug-induced nephrotoxicity in rat models 

(22). A study involving rabbits reported a significant 

increase in RRI 6 hours after the development of AKI, 

and a cut-off point of 0.7 significantly predicted AKI in 

an earlier period than serum creatinine. A ROC curve 

analysis was performed in the present study to test 

whether RRI can effectively identify kidney injury in 

the early period in cases with a tubular damage score 

of 25% or greater. RRI greater than 0.45 predicted 

kidney damage of 25% of greater, with a sensitivity 

of 89% and a specificity of 87%. Studies conducted 

on intensive care unit patients using RRI to predict 

AKI have failed to identify whether an increase in RRI 

indicates a risk or true damage in the kidneys due to the 

inability to perform a histopathological examination, 

although these studies report RRI to perform better 

than urine output and serum creatinine measurement 

in predicting AKI in critically ill patients, regardless 

of the etiology (23-25). The study by Darmon et al. 

reported that an RRI greater than 0.795 predicted AKI 

with a sensitivity of 92% and a specificity of 85% (24).

Our findings regarding the predictive value of RRI for 

sepsis-associated acute kidney injury demonstrate 

notable concordance with the clinical study by 

Huang et al. In the clinical cohort study by Huang 

and colleagues, RRI exhibited a sensitivity of 93% 

with a specificity of 35.3% (AUC=0.667, p=0.004) for 

predicting SI-AKI in human patients (26). In contrast, 

our experimental sepsis model demonstrated 

that an RRI threshold greater than 0.45 predicted 

renal injury with a sensitivity of 89% and specificity 

of 87%, alongside the strongest correlation with 

histopathological damage (Spearman’s p=0.837, 

p<0.0001).

In the presence of ischemia or sepsis, renal tubular 

cells undergo G1 cell cycle arrest, and a G1-phase 

arrest of the cell cycle prevents cell division until the 

DNA damage is repaired (27). Cell cycle arrest occurs 

in the early period immediately after damage. There is 

a growing body of evidence suggesting that IGFBP-7 

and TIMP-2 are closely related to the regulation of the 

cell cycle by mitochondria, and that cell cycle arrest 

may be an important cellular defense strategy in the 

case of sepsis (3,28). Furthermore, both molecules 

act as “alarm” proteins through their autocrine and 

paracrine effects on the cells, with the alarm signal 

being released from the damaged area (29-31). In the 

case of SI-AKI, where early interventions are of great 

importance, the detection of this signal may provide 

as much to the early timing of management strategies 

as to changes in the outcomes (32-34). In the present 

study, IGFBP-7 showed a significant increase from 

3 hours after the CLP procedure, whereas TIMP-2 

increased significantly at 6 hours. Both IGFBP-7 and 

TIMP-2 were higher at all measurement points when 

compared to the values in the sham group, with the 

highest values for the two molecules detected 48 

hours after the CLP procedure. A correlation analysis 

revealed a strong positive correlation between the 

Figure 10. ROC Curve Analysis of RRI, serum creatinine, 
IGFBP-7, TIMP-2 and [IGFBP-7*TIMP-2]
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degree of tubular damage and CCAB, although a 

combined analysis of the two molecules ([IGFBP-7]

x[TIMP-2]) even showed an even stronger correlation 

than with individual measurement of the molecules. 

In a ROC curve analysis to evaluate the performance 

of these molecules in predicting kidney injury, a 

[IGFBP-7]x[TIMP-2] value greater than 1.91 (ng/ml)2 

significantly predicted AKI with a sensitivity of 87% 

and a specificity of 86%. This cut-off point, which is 

closer to the cut-off point of 2.0 (ng/ml)2 reported in 

other studies, can detect pathological damage with a 

sensitivity of 87%. The present study did not analyze 

the changes in cell cycle arrest molecules during the 

recovery period, which can be noted as a limitation of 

the present study (8,9,35,36). 

Similar to the findings of the present study, a study 

of a rat model of SI-AKI using the CLP method 

reported that IGFBP-7 increased significantly earlier 

than TIMP-2 (12 hours) and suggested that the 

combined analysis of the two molecules offers higher 

sensitivity than serum creatinine in the diagnosis of 

AKI (37). The same study also reported peak serum 

urea and creatinine concentrations to be observed 

at 3 hours, and that high hematocrit levels at this 

time point caused an increase in serum creatinine 

due to hemoconcentration. After the initiation of 

fluid resuscitation at 2 hours, the authors reported a 

progressive decrease to normal in the serum urea and 

creatinine concentrations between 6 and 12 hours. The 

same study reported that a significant increase was 

noted in serum urea and creatinine concentrations 

after 24 hours, with the highest serum creatinine being 

1.5 times higher (30µmol/L) than the baseline. Similar 

to the findings in the study by Arulkumaran et al. the 

authors of the present study consider the decrease in 

serum creatinine at 6 hours to be attributable to fluid 

resuscitation in this sepsis model (37). In a correlation 

analysis, the weakest correlation was observed 

between tubular damage and serum creatinine. As 

mentioned earlier in several studies, the present study 

confirms the findings that CCAB increase at an earlier 

time point and are more specific biomarkers than 

serum creatinine (31,37). 

Our review of literature revealed no studies evaluating 

the combined used of RRI and CCAB in the early 

diagnosis of SI-AKI. Furthermore, there were only 

two studies, conducted by the same investigators, 

evaluating the combined used of RRI and CCAB 

in patients undergoing open heart surgery. The 

investigators in these studies attempted to determine 

the predictive value of these new biomarkers in a 

specific population undergoing open heart surgery 

and (TAVI) transcatheter aortic valve implantation, 

who are considered to be at high risk of developing 

AKI following the procedure (38,39). The investigators 

reported that both RRI and urinary [TIMP-2]*[IGFBP-7] 

failed to predict the development of AKI within 24 hours 

of surgery in the two groups of patients. In a study 

involving patients undergoing open heart surgery, 

Zaouter et al. reported that the combined use of RRI 

and [IGFBP-7]x[TIMP-2] was incapable of recognizing 

patients within clinically acceptable limits who may 

develop AKI within 24 hours of surgery, although they 

reported a slightly increased negative predictive value 

(38).

Zaitoun et al. demonstrated that RRI (T1≥0.72, 

AUROC=0.905) effectively diagnosed AKI but poorly 

predicted persistence, with Cystatin C emerging as 

the superior prognostic marker (AUROC=0.977) 

(40). In our experimental model, the predictive 

performance of RRI combined with CCAB for SI-

AKI and their correlation with histopathological renal 

damage were investigated, revealing complementary 

insights. Notably, RRI demonstrated the strongest 

correlation with histopathological kidney damage 

(Spearman’s p=0.837, p<0.0001) in our study, 

surpassing even the CCAB, p=0.785). This suggests 

that RRI, when measured serially with appropriate 

timing, captures the hemodynamic and structural 

renal injury continuum more comprehensively than 

single-timepoint measurements.



Ulukaya SO, et al. Predicting Sepsis-Induced Acute Kidney Injury

Turk J Intensive Care 2026;24(1)﻿:63-76

74

In the analysis of correlation between RRI and CCAB 

in the present study, both methods showed a strong 

correlation in the detection of tubular damage. 

However, an RRI greater than 0.45 showed the highest 

predictive value in the early detection of AKI, with a 

sensitivity of 89% and a specificity of 87%. It is stated 

that the measurement RRI by Doppler USG is easily 

applicable, but has a steep learning curve (41), and 

studies have reported RRI measurements to have the 

potential to be affected by factors such as increased 

intraabdominal pressure, right ventricular dysfunction, 

renal venous pressure, renal congestion, tricuspid 

valve disease and certain mediations in critically ill 

intensive care unit patients with sepsis (21,42). For this 

reason, there is a need for large-scale clinical studies 

to support the current findings related to the early 

detection of AKI in patients with sepsis.

Tubular dilatation and vacuolization, and the loss of 

the brush-border, to a lesser extent, were the most 

prominent alterations associated with AKI in the 

histopathological examination carried out within 

our polymicrobial sepsis model, created using the 

CLP method. In contrast, no apoptosis or necrosis, 

which are commonly reported as the most striking 

histopathological findings of SI-AKI in literature, 

were identified. In the present study, an analysis 

of the urinary CCAB revealed TIMP-2 to increase 

earlier, and to predict AKI with a higher sensitivity 

and specificity than IGFBP-7 (37,43). However, a cut-

off value of 1.91(ng/ml)2 for the combined use of the 

two molecules showed the highest sensitivity and 

specificity in the early detection of SI-AKI. Although 

RRI predicted SI-AKI in the early period at the same 

time points as CCAB, RRI showed a higher sensitivity 

and specificity than the other two molecules.

In conclusion, RRI and urinary CCAB predicted AKI in 

the early period almost at the same time intervals in 

our rat model of polymicrobial sepsis induced by the 

CLP method, although an RRI greater than 0.45 had 

the highest predictive value. There is a need for larger-

scale clinical studies to support the findings of this 

experimental study into the early detection of SI-AKI.
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Introduction

Mechanical ventilation is widely used in the 

management of respiratory failure and remains one of 

the cornerstones of intensive care medicine. Ventilator-

induced lung injury (VILI) refers to the damage caused 

by positive-pressure ventilation (1). The development 

of VILI is influenced by several factors, including 

tidal volume, transpulmonary pressure, respiratory 

rate, flow rate, and positive end-expiratory pressure 

(PEEP) (2-4). These parameters represent the energy 

applied to the respiratory system, and the total energy 

delivered per minute is termed mechanical power 

(MP) (5,6). Mechanical power has been identified as 

an independent risk factor associated with mortality in 

critically ill patients (7).

The impact of the inspiratory-to-expiratory ratio on mechanical power in 
ARDS patients
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ABSTRACT

Objective: Mechanical power (MP) is a promising parameter that may guide lung-protective ventilation strategies. The MP equation 
encompasses all variables involved in the pathogenesis of ventilator-induced lung injury (VILI), as well as the inspiratory-to-expiratory (I:E) 
ratio. Shortening the inspiratory time—by altering the I:E ratio—increases gas flow and may lead to lung injury. The optimal I:E ratio for 
preventing VILI remains uncertain. The present study aimed to investigate the effects of different I:E ratios on inspiratory gas flow and MP in 
patients with acute respiratory distress syndrome (ARDS).

Materials and Methods: This study was conducted on 19 adult patients diagnosed with moderate ARDS who were admitted to the intensive 
care unit and received mechanical ventilation. Patients were ventilated at a PEEP level of 10 cmH2O, a tidal volume of 6 mL/kg, and three 
sequentially applied I:E ratios (1:2, 1:1, and 1.5:1), each maintained for 10 minutes. MP and respiratory parameters across the three I:E groups 
were compared using repeated-measures ANOVA.

Results: Compared with the I:E ratio of 1:2, ventilation with an I:E ratio of 1:1 resulted in slower inspiratory gas flow, lower inspiratory 
resistance and peak inspiratory pressure, higher dynamic compliance, and lower MP values. Plateau pressure and driving pressure did 
not differ significantly. When comparing I:E 1:1 with I:E 1.5:1, a persistent slowing of inspiratory gas flow was observed, but no significant 
difference in MP was detected.

Conclusion: In patients with ARDS, transitioning the I:E ratio from the conventional 1:2 to 1:1 or 1.5:1 resulted in progressively slower 
inspiratory gas flow and lower resistive and total mechanical power, suggesting that reducing inspiratory flow may enhance lung-protective 
ventilation.

Keywords: ARDS, ventilator-induced lung injury, mechanical power, inspiratory-to-expiratory ratio
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The comprehensive formula developed by Gattinoni 

et al. incorporates all parameters associated with VILI, 

as well as the inspiratory-to-expiratory (I:E) ratio (6):

MPrs = RR × { ΔV² × [ (1/2 × ELrs) + RR × (1 + I:E) 

/ (60 × I:E) × Raw ] + (ΔV × PEEP) } x 0.098

The viscoelastic structure of the lung causes the 

inspiratory phase of positive-pressure ventilation to 

require more energy than expiration (8). This energy 

dissipation corresponds to the area of hysteresis on 

the pressure–volume (P–V) curve (8). The energy 

expended within the lung parenchyma is used 

both for expansion and recoil during breathing and 

to overcome viscoelastic resistance during rapid 

inspiration and early expiration (9). This energy is also 

consumed when direct structural damage occurs 

at the microelement level (9). Increasing strain rates 

applied to the viscoelastic polymer structure of the 

lung elevate the risk of injury (10). Studies have shown 

that shortening the inspiratory time and altering the 

I:E ratio to increase gas flow can result in higher strain 

rates and promote the development of ventilator-

induced pulmonary edema (10).

Studies have demonstrated that high driving pressure 

(DP) and high tidal volume (TV) are the main mediators 

of ventilator-induced lung injury (VILI) (11-13). In 

mechanical ventilators, the conventional I:E ratio, in 

which the inspiratory time is shorter than or equal to 

the expiratory time, is typically set to 1:2 or 1:1 (9). 

Although traditional ventilation strategies employing 

high pressures, high volumes (12 mL/kg), and high 

gas flow rates have largely been abandoned, the 

standard I:E ratio of 1:2 remains unchanged. The I:E 

ratio, similar to respiratory rate and tidal volume, is a 

key mechanical ventilation parameter that determines 

gas flow rate. The relationship between the I:E ratio 

and VILI is thought to depend on gas flow dynamics 

(14). Slow inspiratory gas flow is considered a critical 

factor in preventing VILI (9,14). 

In intensive care units, different inverse ratio ventilation 

(IRV) strategies—such as I:E ratios of 1.5:1 and 2:1—

are often employed to enhance oxygenation, serving 

as an essential intervention for patients with ARDS 

(15). However, the optimal I:E ratio for preventing VILI 

in this patient population remains uncertain.

This study aimed to determine the impact of varying 

I:E ratios on inspiratory flow and MP in ARDS patients.

Materials and Methods

Patients

Ethical approval for the study was obtained from the 

Clinical Research Ethics Committee of the University 

of Health Sciences, Bakırköy Dr. Sadi Konuk Training 

and Research Hospital (Decision No: 2019-19-15). 

Informed consent was obtained from all patients or 

their legal representatives upon admission to the 

intensive care unit.

This observational study was conducted during 

a consecutive three-month period in the Intensive 

Care Unit of the Department of Anesthesiology and 

Reanimation at Bakırköy Dr. Sadi Konuk Training and 

Research Hospital. Nineteen adult patients diagnosed 

with moderate ARDS according to the Berlin Criteria 

were included in the study (16).

All patients were ventilated using Maquet Servo-i 

ventilators (Sweden). According to the Berlin Criteria, 

the enrolled patients were classified as having 

moderate ARDS (16). Patient characteristics are 

presented in Table 1.

Patients were ventilated in volume-controlled mode 

under deep sedation with propofol and remifentanil, 

and neuromuscular blockade was achieved using 

rocuronium. Invasive mechanical ventilation was 

applied with a PEEP of 10 cmH2O, a tidal volume of 6 

mL/kg, and a respiratory rate of 12 breaths/min. Each 

patient was ventilated sequentially with three different 

inspiratory-to-expiratory ratios (1:2, 1:1, and 1.5:1), 

each maintained for 10 minutes.

All respiratory parameters were recorded every 

minute using the ImdSoft Metavision/QlinICU Clinical 

Decision Support Software (Canada), including peak 
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inspiratory pressure (Ppeak), positive end-expiratory 

pressure (PEEP), respiratory rate (RR), inspiratory gas 

flow, inspiratory resistance (Ri), expiratory resistance 

(Re), end-expiratory velocity (Vee), static compliance 

(Cstat), and dynamic compliance (Cdyn).

Plateau pressure (Pplat) was automatically measured 

by the ventilator with a 5% end-inspiratory pause 

(Tpause). Driving pressure (DP) was calculated using 

a pre-defined formula on the server (DP = Pplat − 

PEEP). MP and its components (resistive and elastic) 

were automatically calculated based on formulas 

previously defined on the server, as described by 

Gattinoni et al. (6).

Calculation of total, elastic, and resistive mechanical 

power:

MP total = RR × {ΔV² × [ (1/2 × ELrs) + RR × (1 + 

I:E) / (60 × I:E) × Raw ] + (ΔV × PEEP)} x 0.098 

MP elastic = RR × { ΔV² × [ (1/2 × ELrs) } x 0.098

MP resistive = RR × { ΔV² × [ RR × (1 + I:E) / (60 × 

I:E) × Raw ] x 0.098

Statistical methods

Statistical analyses were performed using GraphPad 

Prism software (version 5.01). Data obtained at different 

inspiratory-to-expiratory (I:E) ratios (1:2, 1:1, and 1.5:1) 

were compared using repeated-measures ANOVA. 

Bonferroni post hoc tests were applied to identify 

significant pairwise differences between groups, with 

p < 0.05 considered statistically significant.

The primary outcome of the study was defined as the 

difference in resistive mechanical power between the 

I:E 1:2 and I:E 1:1 ratios. Based on a preliminary pilot 

study including five patients, the mean ± SD values 

for resistive mechanical power were calculated as 0.9 

± 0.3 J/min for I:E 1:2 and 0.65 ± 0.3 J/min for I:E 

1:1. According to a power analysis based on these 

differences, with an alpha error of <0.05 and a power 

of 80%, the required sample size was estimated to be 

18 patients.

The presence of auto-PEEP was assessed by 

performing an expiratory hold maneuver after each 

adjustment to measure total PEEP (17). If the end-

expiratory flow (Flowee) was close to zero, the absence 

of intrinsic PEEP was assumed (17). In this study, 

Flowee values obtained at all I:E ratios were measured 

close to zero (0.008 ± 0.005; 0.015 ± 0.005; 0.022 ± 

0.013), indicating the absence of intrinsic PEEP in the 

study population.

Results

This study was conducted on 19 patients diagnosed 

with moderate ARDS. Of these, 7 were female and 12 

were male. The characteristics of the patients included 

in the study are presented in Table 1.

The difference between the mean mechanical power 

values of I:E 1:2 and I:E 1:1 was calculated as 0.33 J/

min (4.3%) and found to be statistically significant (p 

< 0.0001). No statistically significant difference was 

observed between the mean and standard deviation 

values of I:E 1:2 vs. I:E 1.5:1 or I:E 1:1 vs. I:E 1.5:1 (p > 

0.05). There was no statistically significant difference 

in the mean and standard deviation values of elastic 

Table 1. Patient characteristics
Parameter Mean ± SD
Female, n (%) 7 (%37)
Age, years 65 ± 11
PBW, kg 71 ± 2
BMI, kg/m² 28 ± 1.3
APACHE II score 25 ± 9
Expected mortality, % 59 ± 29
pH 7.43 ± 0.2
PaO₂, mmHg 62 ± 7
SO₂, % 91 ± 2
PCO₂, mmHg 44 ± 16
PaO₂/FiO₂, mmHg 119 ± 14
Duration of IMV, hours 272 ± 118
Length of ICU stay, hours 442 ± 224

APACHE II: Acute Physiology and Chronic Health Evaluation II, ARDS: Acute 
Respiratory Distress Syndrome, BMI: Body Mass Index, FiO₂: Fraction of Inspired 
Oxygen, IMV: Invasive Mechanical Ventilation, ICU: Intensive Care Unit, PaO₂: 
Arterial Oxygen Partial Pressure, PBW: Predicted Body Weight, PCO₂: Arterial 
Carbon Dioxide Partial Pressure, SO₂: Arterial Oxygen Saturation.
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mechanical power among the three I:E ratios (1:2, 

1:1, and 1.5:1) (p > 0.05). The difference between 

the mean resistive mechanical power values of I:E 

1:2 vs. I:E 1:1 and I:E 1:2 vs. I:E 1.5:1 was calculated 

as 0.3 J/min (4.0%) and was statistically significant (p 

< 0.0001). No statistically significant difference was 

detected between the mean and standard deviation 

values of resistive mechanical power for I:E 1:1 vs. I:E 

1.5:1 (p > 0.05) (see Table 2).

The differences between the mean and standard 

deviation values of Ppeak, WOBv, and Ri for I:E 1:2 

vs. I:E 1:1 and I:E 1:2 vs. I:E 1.5:1 were statistically 

significant (p < 0.05). However, no statistically 

significant differences were observed for these 

parameters between I:E 1:1 and I:E 1.5:1 (p > 0.05). 

Statistically significant differences were also found in 

the mean and standard deviation values of inspiratory 

gas flow, Vee, and Cdyn across all three I:E ratios (p 

< 0.05), whereas Pplat, DP, and Cstat showed no 

statistically significant differences (p > 0.05) (see 

Table 2).

Discussion 

MP, encompassing all parameters linked to VILI, 

serves as a key guide in its prevention. In this study, 

while all parameters in the MP equation developed 

by Gattinoni et al. were kept constant, the effect of 

changes in the I:E ratio on total MP and its components 

was investigated.

The inspiratory gas flow, Ri, and Ppeak values at an 

I:E ratio of 1:1 were found to be lower compared 

with those at an I:E ratio of 1:2. Consequently, the 

I:E 1:1 setting was associated with higher dynamic 

compliance and lower MP values. When I:E 1:1 was 

compared with I:E 1.5:1, the inspiratory gas flow 

remained slower; however, no clinically significant 

differences were observed in other respiratory 

parameters. The significant difference in MP between 

I:E 1:2 and I:E 1:1 was attributed to the reduction in 

the MPresistive, resulting from slower inspiratory gas 

flow and decreased Ri. Changing the I:E ratio from 

1:2 to 1:1 reduced the amount of MP applied to the 

Table 2. Mechanical power and its components at different I:E ratios (Mean ± SD)
I:E 1:2 vs I:E 1:1 I:E 1:2 vs I:E 1.5:1 I:E 1:1 vs I:E 1.5:1

MPtot, J/min 7.6±1.0 vs 7.3±0.8* 7.6±1.0 vs 7.3±0.9 ns 7.3±0.8 vs 7.3±0.9 ns

MPelastic, J/min 2.4±0.6 vs 2.4±0.6ns 2.4±0.6 vs 2.5±0.6ns 2.4±0.6 vs 2.5±0.6ns

MPresistive,J/min 0.9±0.3 vs 0.6±0.2*** 0.9±0.3 vs 0.6±0.3*** 0.6±0.2 vs 0.6±0.3ns

WOBv, J 0.86±0.16 vs 0.70±0.15*** 0.86±0.16 vs 0.68±0.14*** 0.70±0.15 vs 0.68±0.14ns

Ppeak, cmH2O 24.5±2.6 vs 22.9±2.7*** 24.5±2.6 vs 23.0±2.8*** 22.9±2.7 vs 23.0±2.8ns

Pplat, cmH2O 21±2.5 vs 21.1±2.5ns 21±2.5 vs 21.2±2.5ns 21.1±2.5 vs 21.2±2.5ns

DP, cmH2O 11.1±2.6 vs 11.2±2.7ns 11.1±2.6 vs 11.2±2.6ns 11.2±2.7 vs 11.2±2.6ns

Flowins, L/s 0.37±0.04 vs 0.20±0.02*** 0.37±0.04 vs 0.16±0.02*** 0.20±0.02 vs 0.16±0.02***

Ri, cmH2O. s/L 9.6±3.3 vs 8.5±2.9* 9.6±3.3 vs 8.7±3.6* 8.5±2.9 vs 8.7±3ns

Re, cmH2O. s/L 17.2±3.8 vs 17.5±3.8ns 17.2±3.8 vs 18.0±4.1* 17.5±3.8 vs 18.0±4.1ns

Vee, L / s 0.008±0.005 vs 0.015±0.005* 0.008±0.005 vs 0.022±0.013*** 0.015±0.005 vs 0.022±0.013*

Cstat, ml/cmH2O 34.5±9.6 vs 34.7±9.6ns 34.5±9.6 vs 34.1±9.2ns 34.7±9.6 vs 34.1±9.2ns

Cdyn, ml/cmH2O 35.8±9.4 vs 36.3±9.4** 35.8±9.4 vs 34.4±9.0** 36.3±9.4 vs 34.4±9.0**

MPtot: total mechanical power, MPelastic: Elastic mechanical power, MPresistive: Resistive mechanical power, Cst: Static compliance, Cdyn: Dynamic compliance, 
Ppeak: Peak inspiratory pressure, Pplat: Plateau pressure, DP: Driving Pressure, Flowins: inspiratory gas flow, Ri: inspiratory resistance, Re: expiratory resistance, Vee= 
end expiratory velocity.
ns: not significant (p ≥ 0.05); * p < 0.05; ** p < 0.01; *** p < 0.0001.
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conductive components of the respiratory system that 

deliver gas to the alveoli. Since the elastic component 

of MP, which represents the energy applied to the 

alveoli, did not change, this reduction was considered 

clinically insignificant in terms of VILI risk.

Minimizing gas flow velocity during the inspiratory 

phase of the respiratory cycle is recommended to 

reduce the energy that contributes to lung injury (5,9,14). 

Therefore, the use of high airway pressures, high tidal 

volumes, or high respiratory frequencies should be 

avoided (5,9). Excessive energy levels can severely 

damage the alveolocapillary barrier, while even 

small amounts may cause localized injury in already 

weakened lung regions (9). The reduction of ventilated 

areas—the so-called “baby lung” phenomenon—can 

lead to the rupture of microstructural elements and 

increase stress on the remaining lung tissue. Once a 

certain threshold is exceeded, this may result in an 

exponential progression of injury. Thus, gas flow plays 

a critical role under such conditions (9). Adopting a 

higher I:E ratio, such as 1:1 instead of the conventional 

1:2, may promote a slower and more homogeneous 

inspiratory flow, thereby reducing the MP applied to 

the lungs.

In an experimental study, the energy accumulated 

in the airway tissue during slow, constant inspiratory 

flow was found to be approximately half of that 

measured in the group ventilated with an exponentially 

increasing, high inspiratory flow pattern (18). Another 

study conducted under operating room conditions 

emphasized that an I:E ratio of 1:1 provides the 

minimum energy dissipation (19). To optimize 

mechanical power and prevent ventilator-induced 

lung injury (VILI), it has been recommended that the 

I:E ratio be adjusted to 1:1 (20).

An experimental study in mice investigated the effect 

of prolonging inspiratory time on ventilator-induced 

lung injury (VILI) (21). In this study, the use of low 

tidal volume with I:E ratios of 1:1 or 1:2 did not result 

in the development of VILI. In the high tidal volume 

group, however, the I:E ratio of 1:2 produced fewer 

histological signs of lung injury and better compliance 

values compared with I:E 1:1. In contrast, the group 

ventilated with high tidal volume and an I:E ratio of 

1:1 showed worsened oxygenation and compliance, 

as well as a significantly increased mortality rate. The 

authors concluded that prolongation of inspiratory 

time and an increased I:E ratio exacerbated VILI in 

mice. However, in that study, the increased VILI and 

mortality associated with an I:E ratio of 1:1 were 

observed only when high tidal volumes were applied, 

which are already a well-known risk factor for VILI.

Limitations

This study has several limitations. First, it was 

conducted in a single center with a relatively small 

sample size, which may limit the generalizability of 

the findings. Second, the study was performed under 

controlled ventilation settings with fixed tidal volume 

and PEEP levels; therefore, the results may not be 

directly applicable to patients under spontaneous or 

assisted ventilation. Third, the analysis was limited 

to short-term physiological effects, and no long-term 

clinical outcomes such as mortality or duration of 

ventilation were evaluated. 

Conclusion

In patients with ARDS, transitioning the I:E ratio 

from the conventional 1:2 to 1:1 or 1.5:1 resulted in 

progressively slower inspiratory gas flow and lower 

resistive and total mechanical power, suggesting that 

reducing inspiratory flow may enhance lung-protective 

ventilation.
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CASE REPORT

Introduction

Lactic acidosis is a significant concern in oncological 

critical care, as it can result from generalized or local 

hypo perfusion, or other underlying causes. Prompt 

identification and management of lactic acidosis 

are crucial for improving outcomes in critically ill 

patients. We present a case of refractory lactic 

acidosis associated with unexplained hypoglycemia, 

hypertriglyceridemia, and hyperuricemia. After 

excluding hypo perfusion, anemia, hypoxia, seizures, 

or any other causes of Type A lactic acidosis, as 

well as liver diseases, medications, or other factors 

contributing to Type B or D lactic acidosis (1), we 

considered that the patient’s clinical presentation and 

investigations best align with adult-onset Glycogen 

Storage Disease Type Ib.

Glycogen Storage Disease Type Ib (GSD-Ib) is one 

of over 12 inherited metabolic disorders that affect 

Refractory lactic acidosis and hypoglycemia: a very rare presentation in 
critically ill leukemic patient possibly associated with adult-onset glycogen 
storage disease type Ib
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ABSTRACT

Lactic acidosis is a serious and frequently encountered condition in oncological critical care. Although it is commonly associated with 
generalized or localized tissue hypoperfusion, metabolic and drug-related causes should also be considered. Early recognition and 
appropriate management are essential for improving outcomes in critically ill patients. We report a case of refractory lactic acidosis 
associated with unexplained hypoglycemia, hypertriglyceridemia, and hyperuricemia. Common causes of type A lactic acidosis, including 
hypoperfusion, anemia, hypoxia, and seizures, were excluded. Other potential causes of type B and D lactic acidosis, such as liver disease 
and medication effects, were also ruled out. The patient had no known history of metabolic disease during childhood; however, the clinical 
presentation and laboratory findings were highly suggestive of glycogen storage disease type Ib (GSD-Ib).

GSD-Ib is a rare autosomal recessive metabolic disorder caused by mutations in the glucose-6-phosphate translocase (G6PT) gene 
located on chromosome 11q23. The resulting defect impairs both glycogenolysis and gluconeogenesis, leading to metabolic abnormalities 
including hypoglycemia, hyperlactatemia, hyperuricemia, and hypertriglyceridemia. GSD-Ib Patients commonly develop neutropenia, which 
predisposes them to recurrent infections and often requires treatment with granulocyte colony-stimulating factor (G-CSF). Long-term G-CSF 
therapy has been associated with an increased risk of myeloid malignancies, particularly acute myeloid leukemia (AML).

Glycogen storage diseases are genetic disorders that are typically diagnosed in childhood, making diagnosis in adulthood extremely rare. 
In this case, a late genetic mutation was suspected to have resulted in adult-onset GSD-Ib and malignancy. This rare presentation suggests 
a possible link between GSD-Ib and AML. Therefore, surveillance for glycogen storage disease in patients with AML, and vice versa, may 
be warranted. This association should be considered in critically ill AML patients presenting with refractory lactic acidosis after exclusion of 
other etiologies.

Keywords: AML, Acute myeloid leukemia, Lactic acidosis, Hypoglycemia, Cancer, Glycogen storage disease, Hypertriglyceridemia
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glycogen metabolism. It is an autosomal recessive 

condition caused by mutations in the glucose-6-

phosphate translocase (G6PT) gene located on 

chromosome 11q23 (2). G6PT deficiency disrupts 

both glycogenolysis and gluconeogenesis. Patients 

with GSD-Ib typically experience hepatomegaly, 

growth retardation, hypoglycemia, hyperlactatemia, 

hyperuricemia, and hyperlipidemia in early infancy. In 

addition, they develop neutropenia, which increases 

their risk of severe infections (3).

To manage these complications, long-term treatment 

with granulocyte colony-stimulating factor (G-CSF) 

is often used. However, this treatment can increase 

the risk of acute myeloid leukemia (AML) or 

myelodysplastic syndromes (MDS) in patients with 

inherited bone marrow failure conditions such as 

severe congenital neutropenia (4). The development 

of these myeloid malignancies is often linked to 

cytogenetic abnormalities involving chromosome 7, 

and G-CSF is known to promote the proliferation of 

monosomy 7 cells in vitro.

Although glycogen storage diseases are typically 

diagnosed in childhood due to their genetic basis, our 

patient was diagnosed in adulthood with a mutation 

that led to Glycogen Storage Disease Type Ib and 

malignancy. There have been several reports in recent 

years of patients with GSD-Ib developing AML after 

prolonged treatment with G-CSF. However, it is rare 

for this association to be observed in adult patients 

with leukemia and adult-onset GSD-Ib.

Given the potential strong association, surveillance for 

both Glycogen Storage Disease and acute myeloid 

leukemia in such patients is essential. This association 

should be considered in cases of refractory lactic 

acidosis in critically ill patients with acute myeloid 

leukemia, particularly after excluding other etiologies 

of lactic acidosis.

Case Presentation

A 52 years old male patient who is not known with any 

cardiovascular, endocrinal, renal, hepatic disorders, 

familial hyperlipidemia, congenital anomalies or 

abnormal milestones, noticed a lump over his chest 

wall, superficial ultrasound was done and revealed a 

hypoechoic mass with surrounding edema. 

A biopsy was taken revealed fibrous tissue infiltrated 

by a tumor formed of small round cells with extensive 

crushing possessing hyperchromatic nuclei. The 

immature cells are positive for CD43, KCA, TdT and 

negative for MPO, CD117, CD 56, CD 20, CD30 and 

CD3 by immunohistochemical stains confirming a 

diagnosis of myeloid sarcoma. 

Initial bone marrow biopsy revealed hypercellularity 

with dysplastic features and a blast count of 20%, 

which was confirmed by flow cytometry with 30% 

CD34-positive cells. A second bone marrow biopsy 

showed 21% blasts and persistent dysplastic features. 

Cytogenetic analysis revealed monosomy 7 in 33 of 

34 metaphases and a translocation t(3;8)(q26;q24).

A diagnosis with chest wall myeloid sarcoma which is a 

subtybe of Acute Myeloid Leukemia is then confirmed. 

The patient received 3+7 protocol of chemotherapy 

“Daunorubicin and Cytarabine”. After 3 months 

the patient came to the ER department at Egyptian 

National Cancer Institute and was presenting with 

persistent vomiting and fatigue. 

Thorough medical & drug history taking and full 

body examination were done revealing a history of 

persistent vomiting for the last month, abnormal lipid 

profile with extremely high serum levels of triglycerides 

exceeding 3000 mg/dl. This lab test was done at the 

last day of Ramadan 2024 “a month for MUSLIMS 

intended fasting to cultivate self-discipline, spiritual 

growth, and empathy for the less fortunate” which 

preceded the patient admission at our institute critical 

care unit by 1 month. It`s worthy to be mentioned, that 

the patient even didn`t receive any kind of treatment 

for hypertriglyceridemia.

The patient was admitted our critical care unit. He was 

fully conscious, oriented to time, place and persons. 

His calf muscles were lax, intact peripheral pulsations, 

clear chest by auscultation and no abdominal pain or 
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tenderness. His hemodynamics on admission were 

as follow; HR 90 beats/min, RR 20 breaths/min, BP 

120/80 mmHg, Temp 37°C, RBS 70 mg/dL.

Full labs were done on admission; CBC showed 

pancytopenia: WBC 1900/μl, hemoglobin 6.7 g/

dl, and platelet count 86 × 103/μl, with a differential 

count of 61% lymphocytes, 5% monocytes, 4% mature 

neutrophilic granulocytes, and 30% blasts.

Also hyperlactatemia (19mmol/l), high anion gap 

metabolic acidosis with anion gap 26, hyperuricemia 

(11mg/dl), hypertriglyceridemia (850mg/dl), while 

the renal function tests, liver function tests, sepsis 

markers, and electrolytes were average apart from 

mild hypokalemia (Serum potassium = 3.3mmol/L). 

CT Abdomen with contrast was done and ruled 

out pancreatitis, but bilateral almost symmetrical 

nephromegaly were very evident (Figure 1).

The patient received crystalloids and insulin infusion 

to lower serum triglycerides’ level as insulin enhances 

lipoprotein lipase which is the crucial enzyme for the 

hydrolysis of triglycerides. Dextrose 25% infusion was 

added to support serum normoglycemia.

An approach for lactic acidosis was followed and the 

hyper lactatemia wasn’t neither explained by type A 

or type B nor type D lactic acidosis causes as the 

patient was not shocked, or hypoxic, or severely 

anemic, or taking any medications, or hepatic or 

suffering from any kind of local hypo perfusion. Also, 

the patient has no history of any bariatric or intestinal 

surgeries. Warburg effect of leukemic cells which is 

rare could not explain hypoglycemia, hyperuricemia 

and hypertriglyceridemia, leaving a question mark 

about the etiology of his presentation with severe 

lactic acidemia without any identifiable reason.

On the 3rd day of ICU stay with continuous crystalloids 

and insulin/dextrose 25% infusion, the serum lactate 

level dropped to 12mmol/l, improved metabolic 

acidosis with anion gap 18, serum triglycerides` serum 

level declined to 370mg/dl and then, Insulin infusion 

was stopped and instead, statin and fenofibrate were 

added. 

The patient`s serum glucose level, for couple of days, 

was inappropriately steady low not exceeding 60mg/

dl in spite of withholding insulin infusion, receiving 

200cc of dextrose 25% infusion hourly and adding 

sources of simple carbs to his meals but it didn’t make 

any difference in his serum glucose levels leaving 

another question mark about his condition.

Serum C-Peptide level, Thyroid Profile, Cortisol level 

were normal excluding an insulinoma, hypothyroidism 

and hypoadrenalism respectively.

Classic Clinical Presentation of Hypertriglyceridemia, 

Hypoglycemia, Hyperlactatemia, Hyperuricemia, 

Nephromegaly and Neutropenia raised a suspicion of 

Glycogen Storage Disease Type Ib. Due to financial 

issues, we could not confirm diagnosis with genetic 

sequencing. 

Steroids were not added to his treatment plan due to 

their known effect on uric acid and triglycerides serum 

levels. The patient was encouraged to avoid fasting 

at all being the precipitating factor in worsening 

condition in such a disease. Uncooked starch and 

other starchy food stuff were added to his nutrition 

plan, then improvement of serum glucose levels were 

noted.

Figure 1. Contrast CT abdomen showing bilateral symmetrical 
nephromegaly
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Dextrose 25% infusion was discontinued and the 

patient was discharged to home with slight metabolic 

acidosis with Anion Gap 14, Lactate 8mmol/l, RBS 

70mg/dl, Uric acid 7mg/dl, Triglycerides 250mg/dl. 

The patient was then informed with the special 

nutrition instructions specific for Glycogen Storage 

Disease Type I and keeping on statins, allopurinol and 

omega 3, however the patient wasn’t complaint.

1 month later the patient came to the ER department 

presenting with Severe Dyspnea, Stridor, Drowsiness, 

Severe Hypoglycemia (20mg/dl), Severe Anion Gap 

Metabolic acidosis with Anion Gap 30, Profound 

Neutropenia, Thrombocytopenia and Sepsis.

The patient was resuscitated with boluses of dextrose 

25% solution, intubated and mechanically ventilated, 

Urgent CT neck was done showing vocal cord mass 

thought to be a vocal cord chloroma (myeloid sarcoma 

of the larynx) as an extramedullary manifestation of 

leukemia spreading to soft tissues.

The patient condition was worsened due to 

development of a septic shock, granulocyte-colony 

stimulating factor & empirical antibiotics and antifungal 

were added to combat with sepsis. Neutropenia 

and dysfunction of neutrophils can be linked to the 

accumulation of 1,5-anhydroglucitol-6-phosphate 

(1,5-AG6P). This compound, a potent hexokinase 

inhibitor, forms slowly in cells from 1,5-anhydroglucitol 

(1,5-AG), a glucose analog found in the blood. In 

healthy neutrophils, accumulation of 1,5-AG6P is 

normally prevented by hydrolysis via G6PC3 after 

being transported into the endoplasmic reticulum 

(ER) by G6PT which is deficient in a such condition.

SGLT2 inhibitors, has been reported in previous 

studies with effectiveness in significant reduction of 

blood 1,5-AG6P levels, improving neutrophil counts 

and function.

However, despite the potential benefits of this 

treatment, it was not included in our patient’s treatment 

plan due to concerns about hemodynamic instability. 

Tragically, the patient developed refractory shock and, 

despite efforts to manage the condition, he did not 

survive.

Discussion

Glycogen storage disease type I (GSD I), also known 

as Von Gierke disease, is an inherited disorder caused 

by deficiencies of specific enzymes in the glycogen 

metabolism pathway. It comprises 2 major subtypes, 

GSD Ia and GSD Ib. The incidence of GSD I in the 

overall population is 1/100,000 with GSD Ia and Ib 

prevalent in 80% and 20% respectively in a previous 

study by Nirzar S. Parikh, 2023 (5).

In GSD Ia, there is a deficiency of enzyme glucose-

6-phosphatase (G6Pase) which cleaves glycogen to 

glucose.

In GSD 1b, there is a normal G6Pase enzyme activity 

but with a deficiency of the transporter enzyme, 

glucose-6-phosphate translocase (G6PT), GSD 

Ib results from mutations in the SLC37A4 gene on 

chromosome 11q23.3.

The lack of either glucose-6-phosphatase (G6Pase) 

catalytic activity or glucose-6-phosphate transporter 

SLC37A4 (G6PT) activity in the liver impairs the 

normal conversion of glucose-6-phosphate to glucose 

through glycogenolysis and gluconeogenesis (5).

This impairment leads to severe hypoglycemia and 

a range of symptoms characteristic of Glycogen 

Storage Disease Type I (GSD I). The deficiency in 

G6Pase disrupts the final step of glucose production 

from glycogen, while the deficiency in G6PT prevents 

the transport of glucose-6-phosphate into the 

endoplasmic reticulum where it can be converted to 

glucose (5). 

Both deficiencies result in the accumulation of glucose-

6-phosphate, which contributes to hypoglycemia and 

over production of triglycerides, uric acid and lactic 

acid (5).
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High serum triglycerides level may lead to Acute 

Pancreatitis which is an emergency and could be 

excluded by a abdomen CT with contrast (6).

Serum triglycerides levels more than 1000mg/dl should 

be managed by plasmapheresis, Insulin/Dextrose 

infusion is highly beneficial for serum triglycerides 

level below 1000mg/dl to boost lipoprotein lipase 

activity enhancing cellular uptake of triglycerides, 

while Statins are sufficient for serum triglyceride levels 

below 500mg/dl. However treating the etiology is a 

must (7).

Glycogen accumulation in liver and kidneys may lead 

to hepatic adenomas and nephromegaly up to renal 

failure.

Fasting is prohibited for those patients, because 

it activates glycogenolysis and gluconeogenesis 

pathways for boosting up serum glucose levels, but 

with G6Pase or G6PT deficiency ,the patient will 

experience hypoglycemia, hypertriglyceridemia, 

hyperuricemia, hyperlactatemia and may be lethal 

high anion gap metabolic acidosis (8).

Although GSD Ia, GSD 1b are similar in their clinical 

presentations, but they differ in being neutropenia and 

thrombocytopenia are characteristic findings in GSD 

Ib. 

A recent research by Veiga-da-Cunha 

et al. (2019) identified that the inability to eliminate 

1,5-anhydroglucitol-6-phosphate (1,5-AG6P), a potent 

inhibitor of hexokinases, which is slowly formed in 

the cells from 1,5-anhydroglucitol (1,5-AG), a glucose 

analog that is normally present in blood. Healthy 

neutrophils prevent the accumulation of 1,5-AG6P 

due to its hydrolysis by G6PC3 following transport into 

the ER by G6PT. G6PT deficiency in the endoplasmic 

reticulum (ER) membrane of neutrophils, leads to 

a lack of glucose and heightened oxidative stress, 

impaired respiratory burst, reduced chemotaxis, and 

disrupted calcium flux contributing to neutropenia 

and neutrophil dysfunction in GSD Ib. Additionally, 

these neutrophils are more prone to apoptosis, which 

exacerbates neutropenia (9). 

An understanding of this mechanism has led to a 

treatment aimed at lowering the concentration of 

1,5-AG6P and 1,5-AG in blood by treating patients 

with empagliflozin, an SGLT2 (sodium-glucose 

cotransporter 2) inhibitor, which inhibits renal glucose 

reabsorption. The enhanced urinary excretion of 

glucose inhibits the 1,5-AG transporter, SGLT5, 

causing a substantial decrease in the concentration 

of this polyol in blood, an increase in neutrophil 

counts and function and a remarkable improvement in 

neutropenia-associated clinical signs and symptoms 

(10).

To manage these complications in GSD Type 1b 

infants, long-term treatment with granulocyte colony-

stimulating factor (G-CSF) is frequently used. However, 

this treatment can elevate the risk of acute myeloid 

leukemia (AML) or myelodysplastic syndromes (MDS) 

in patients with inherited bone marrow failures such 

as severe congenital neutropenia. The onset of 

these myeloid malignancies is often associated with 

cytogenetic abnormalities involving chromosome 7, 

and G-CSF is known to stimulate the proliferation of 

monosomy 7 cells in vitro.

Cases of GSD-Ib in early infancy who developed acute 

myeloid leukemia after couple of years of continuous 

G-CSF treatment have been reported in the last years, 

but it has rarely been reported among adult patients 

with leukemia to be associated with an Adult-Onset 

GSD Ib.

Our patient has lived a healthy childhood and 

adulthood till he have been diagnosed with Myeloid 

Sarcoma (A subtype of Acute Myeloid Leukemia) and 

GSD-Ib 3 months after without taking even one dose 

of GSF. 

Glycogen storage diseases are explained by genetic 

defects so it is very unlikely to be diagnosed in 

adulthood, however our patient was thought to 

had a genetic mutation in his adulthood that led to 

development of myeloid leukemia and GSD Ib.
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Conclusion

Acute myeloid leukemia and GSD-Ib are linked and 

may complicate each other with or without GSF 

treatment. As regarding to our observations, we are 

recommending that both Surveillance of Acute Myeloid 

Leukemia in patients of GSD-Ib and Surveillance of 

GSD-Ib in Acute Myeloid Leukemia patients seem to 

be mandatory.

This association must be kept in mind in a case of 

refractory lactic acidosis in a critically ill acute myeloid 

leukemia patient after exclusion of different etiologies 

of lactic acidosis.
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CASE REPORT

Introduction

In December 2019, the novel coronavirus (COVID-19) 

was discovered and identified in the viral pneumonia 

cases in Wuhan, Hubei Province, China (1).

Among the several coronaviruses, two are 

associated with severe clinical symptoms: severe 

acute respiratory syndrome (SARS) coronavirus 

(SARS-CoV), and Middle East respiratory syndrome 

(MERS) coronavirus (MERS-CoV) (2). The clinical 

manifestation and severity of COVID-19 are similar to 

those of SARS-CoV. At least 20.5% of cases had one 

underlying disease, including hypertension, diabetes 

mellitus, coronary heart disease, chronic obstructive 

pulmonary disease, cerebrovascular disease, and 

chronic liver disease. Common indicator abnormalities 

include decreased white blood cell count (41.0%), 

increased C-reactive protein (75.2%) and lactate 

dehydrogenase (LDH) levels (23.6%), and decreased 

lymphocyte count (26.1%) (3).

Fever was present in 43.8% of the patients 

on admission, but developed in 88.7% during 

hospitalization. The second most common symptom 

was cough (67.8%); nausea or vomiting (5.0%) and 

diarrhea (3.8%) were uncommon (4).

By October 2024, over 776 million confirmed cases 

and over 7 million deaths have been reported globally 

(5).

Up to 14% of infected patients develop interstitial 

pneumonia, which may progress to acute respiratory 

distress syndrome needing intensive Care Unit (ICU) 

care. Evidence indicates severe COVID-19 is linked to a 

pro-hemostatic state affecting thromboembolism risk. 

A case of thoracic aortic thrombosis in a patient with COVID-19 pneumonia
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ABSTRACT

Patients infected with the 2019 novel coronavirus (COVID-19) predominantly present with respiratory symptoms. In severe cases, COVID-19 
creates a prothrombotic state that significantly increases the risk of thromboembolic events. These complications are primarily in the form of 
venous thromboembolism, with a cumulative incidence of up to 49% among hospitalized patients. In contrast, arterial thromboembolic events 
such as ischemic stroke and myocardial infarction have been rarely reported in the literature. In this case report, we present a case of aortic 
thrombosis complicated by peripheral embolism and/or thrombosis as an example of arterial thromboembolism.
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A pooled analysis showed that rising D-dimer levels 

predict adverse outcomes, indicating coagulopathy, 

with higher D-dimer in severe cases than milder ones 

(6).

A study found a higher risk of pulmonary embolism 

in COVID-19 ARDS patients than other ARDS 

causes, even with thromboprophylaxis. Venous 

thromboembolism (VTE) occurrence was about 20%, 

reaching 49% during hospitalization. A COVID-19 

thrombosis guide recommends a baseline CT chest 

and sequential D-dimer monitoring. Few arterial 

thromboembolism cases, like stroke or myocardial 

infarction, were reported (6).

This article presents a case of aortic thrombosis 

complicated by peripheral embolism and/or 

thrombosis.

Case Presentation

A 66-year-old male patient with a 5-year history of 

hypertension presented to our hospital’s COVID-19 

outpatient clinic on August 5, 2020, with complaints 

of fever, cough, and shortness of breath. The patient 

tested positive for COVID-19 via a PCR test from 

a nasopharyngeal swab and was admitted to the 

hospital with a diagnosis of COVID-19 pneumonia for 

monitoring.

On the second day of hospitalization, due to worsening 

respiratory difficulty and oxygen saturation (Sat O2) 

remaining below 90% despite the administration of 

oxygen via nasal cannula at 10 L/min, the patient was 

transferred to ICU. Upon ICU admission, the patient 

received 14 L/min nasal oxygen, and the Glasgow 

Coma Scale (GCS) was E4M6V5. Vital signs were: 

respiratory rate 42/min, blood pressure 145/82 mmHg, 

pulse rate 98/min, and temperature 37.4°C.

Laboratory findings revealed the following:

•	Blood glucose: 153 mg/dL (70–110 mg/dL)

•	Urea: 16.82 mg/dL (7–20 mg/dL)

•	Creatinine: 0.87 mg/dL (0.51–0.95 mg/dL)

•	CRP: 198.4 mg/L (0–5 mg/L)

•	LDH: 498 U/L (0–247 U/L)

•	Procalcitonin: 0.55 ng/mL (0–0.1 ng/mL)

•	D-dimer: 910 ng/mL (190–500 ng/mL)

•	Ferritin: 1151.6 ng/mL (10–291 ng/mL)

Arterial blood gas analysis revealed:

•	pH: 7.518 (7.35–7.45)

•	pCO2: 20.7 mmHg (35–45 mmHg)

•	pO2: 53.3 mmHg (83–108 mmHg)

•	HCO3: 16.7 mmol/L (22–26 mmol/L)

•	SpO2: 82.6% (95–99%)

•	Lactate: 2 mmol/L (0.5–1.6 mmol/L)

Complete blood count results were:

•	WBC: 7.67 × 10^9/L (4.23–9.07 × 10^9/L)

•	Hgb: 126 g/L (137–175 g/L)

•	Hct: 36.2% (40.1–51%)

•	Platelets: 297 × 10^9/L (160–340 × 10^9/L)

•	Neutrophils: 6.70 × 10^9/L (1.78–5.38 × 
10^9/L)

•	Lymphocytes: 0.62 × 10^9/L (1.32–3.57 × 
10^9/L)

Coagulation parameters revealed:

•	PT: 14.5 s (9–15 s)

•	 INR: 1.14 (0.8–1.2)

•	APTT: 27.8 s (22–38 s)

•	Fibrinogen: 645.14 mg/dL (60–150 mg/dL)

The patient was treated with Favipiravir 200 mg 

2 × 3 tablets, Gemifloxacin 320 mg 1 × 1 tablet, 

Dexamethasone 6 mg once daily, Enoxaparin 40 mg 

twice daily, Pantoprazole 40 mg twice daily, and Isolyte 

at 20 cc/h. The patient was monitored with 14 L/min 

nasal oxygen, 4×2 hours of noninvasive ventilation, 

and intermittent prone positioning. On the 5th day of 

ICU admission, the patient received the first dose of 

Tocilizumab 400 mg, followed by a second dose 48 

hours later.

On the 8th day, the patient was intubated and 

connected to mechanical ventilation due to respiratory 

failure and was monitored with FiO2 at 90%. On the 

9th day, antibiotic treatment was adjusted based on 
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the consultation of infectious diseases, including 

Meropenem 1 g 3×1, Linezolid 600 mg 2×1, and 

Tigecycline 50 mg 2×1. Due to reduced urine output, 

hemodialysis was initiated on the 10th day, while 

enteral feeding was maintained. Subsequently, urine 

output improved.

On the 13th day, the left foot was noted to be cold and 

ischemic, with the posterior tibial pulse not palpable. 

Similarly, the left hand was cold, and the radial pulse 

was absent. Arterial thrombosis was suspected, and 

Doppler ultrasonography confirmed thrombosis in 

the posterior tibial artery. A contrast-enhanced CT 

angiogram (Figure 1-3) revealed arterial thrombosis 

extending downward from the descending aorta, a 

splenic subcapsular ischemic appearance, arterial 

thrombosis narrowing the lumen in the left iliac and 

femoral arteries, and posterior tibial artery occlusion 

in the left leg. The patient was managed medically 

without surgical intervention, pentoxifylline 1500 

mg/24 h infusion, dipyridamole 75 mg 1x1 tablet was 

started, and enoxaparin was increased to 60 mg twice 

daily. 

Figure 3. The appearance of a thrombus causing narrowing 
in the left femoral artery on an axial section of a computed 
tomography scan

Figure 2. The appearance of a thrombus causing 70% narrowing 
in the thoracic aorta at the level of the left ventricle on an axial 
section of a computed tomography scan

Figure 1. The appearance of a thrombus causing 70% narrowing 
in the thoracic aorta at the level of the left ventricle on a sagittal 
section of a computed tomography scan
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On the 20th day, fresh blood was observed in the 

lower GI tract, and due to hemoglobin levels dropping 

below 70 g/dL, 2 units of erythrocyte suspension 

were transfused. Gastroenterology recommended 

monitoring for GI bleeding. Anticoagulant therapy 

was reduced to a prophylactic dose. Orthopedic 

consultation reported absent pulses in the left lower 

extremities and recommended amputation when a 

demarcation line developed.

On the 21st day, the patient was extubated and 

monitored with 5 L/min nasal oxygen; GCS was 

E4M6V4. On the 23rd day, the case was re-discussed 

in the council. The following decisions were made:

1.	No thrombectomy or similar interventional 
procedure for the left foot

2.	Continue enoxaparin 2×0.6 ml as anticoagulant 
therapy

3.	Delay contrast-enhanced CT for thrombus control 
due to high creatinine; perform non-contrast CT 
instead

4.	Non-contrast brain CT and neurology consultation 
for altered consciousness

5.	Wait for the demarcation line before possible 
amputation of the left foot

On the 27th day, hemoglobin levels dropped again, 

necessitating the transfusion of 1 unit of erythrocyte 

suspension. On the 30th day, the patient’s general 

condition deteriorated, requiring intubation and 

mechanical ventilation. The patient suffered cardiac 

arrest and passed away the same day.

Discussion

Some studies from China reported that 40% of 

hospitalized patients with COVID-19 were at high risk 

of VTE. Myocardial injury in COVID-19 is associated 

with severe disease. DIC is common in COVID-19. 

Regular laboratory monitoring of platelet count, PT, 

D-dimer, and fibrinogen in patients with COVID-19 is 

important to diagnose worsening coagulopathy (7).

Malas et al., in a review of 8,271 COVID-19 patients, 

found ICU VTE incidence at 21%, with rates up to 31%. 

ICU VTE rates are higher than typical for infections. 

The deep venous thrombosis (DVT) was 28%, the 

pulmonary embolism (PE) 19%, and the arterial 

thromboembolism (ATE) 5%. Thromboembolism 

raised mortality odds by 74% (8).

COVID-19 mainly affects the respiratory system but can 

involve other systems, notably the vascular system, 

which contributes significantly to morbidity and 

mortality. This increased thromboembolism risk arises 

from systemic inflammation, endothelial injury caused 

by the virus attaching to angiotensin-2 receptors, and 

viral replication, leading to prothrombotic endothelial 

dysfunction. To address this, the International Society 

of Thrombosis and Hemostasis (ISTH) interim 

guidance recommends considering prophylactic low 

molecular weight heparin (LMWH) for all hospitalized 

COVID-19 patients without contraindications. Similarly, 

the American Society of Hematology advises 

pharmacologic thromboprophylaxis with LMWH or 

fondaparinux for all hospitalized COVID-19 patients 

(8).

We recommend implementing standardized 

thromboprophylaxis for all COVID-19 patients without 

contraindications. Some authors advocate for higher 

anticoagulation targets in severely ill patients when 

standard dose thromboprophylaxis fails to prevent 

life-threatening thromboembolic complications (8).

Bellosta et al., in their study, reported that the number 

of patients with Acute Limb Ischemia (ALI) significantly 

increased in 2020 compared to the same period in 

2019, and the high rate of clinical and technical failure 

was consistent with the presence of a hypercoagulable 

state triggered by COVID-19 infection (9).

Özen et al., in their study, evaluated 40 COVID-19 

patients with ALI, and they mentioned that high 

levels of D-dimer may have predictive value for the 

occurrence of arterial thromboembolic events, and in 

some selected comorbid patients, medical follow-up 

may be superior to surgery (10).
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Yıldız et al. in their study presented a 67-year-old 

male with upper limb and mesenteric ischemia 

and mentioned that clinicians should be alert that 

aortic thrombus may also be a source of embolism 

in COVID-19 patients, and thoracoabdominal CT 

angiography should be considered in routine 

evaluation (11). Bilge et al. in their case report, 

mentioned that peripheral nerve block may be a better 

method than general anesthesia and it has important 

advantages in terms of respiratory and hemodynamic 

(12).

Hang et al., in their study of 183 enrolled COVID-19 

pneumonia patients, showed that the non-survivors 

had significantly higher D-dimer and fibrin degradation 

product (FDP) levels and longer ProThrombin than 

survivors on admission. DIC appeared in most of the 

deaths. At the late stages of COVID-19 pneumonia, 

levels of fibrin-related markers (D-dimer and FDP) 

were moderately or markedly elevated in all deaths, 

which suggested a common coagulation activation 

and secondary hyperfibrinolysis condition in these 

patients (13).

Conclusion

COVID-19 creates a pro-thrombotic environment, and 

thromboembolism is commonly observed. These 

complications are more often in the form of VTE. 

Arterial thrombosis or embolism is less common. 

The aortic thrombosis case we present is an example 

of a rare arterial thrombosis case. Thromboembolic 

complications can also occur in patients receiving 

prophylaxis with LMWH or unfractionated heparin. 

Therefore, unless contraindicated, higher doses than 

those normally used should be preferred. In select 

cases, adding antiplatelet therapy to anticoagulation 

may be considered, although further evidence is 

needed.
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