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 Nosocomial infections continue to pose a major challenge within intensive care units, 
leading to higher rates of illness, death, and healthcare expenditures. Emerging data 
indicates that risk assessment methods may enhance infection control while also influencing 
inflammatory and immunological pathways.We performed an extensive review of the 
literature, searching databases such as PubMed, Cochrane Library, EMBASE, and Web of 
Science for studies published up to  2025. Included studies assessed risk assessment 
measures in ICUs, reporting outcomes like infection rates, clinical metrics, and biomarker 
concentrations.Incorporating risk assessment frameworks into ICU infection prevention 
shows considerable advantages for both patient outcomes and biomarker patterns. 
Subsequent investigations should prioritize long-term biomarker tracking and the creation 
of individualized risk evaluation models. 
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Introduction 
Hospital-acquired infections present a serious 

difficulty in critical care, with reported frequencies 
between 5% and 15% in industrialized nations and even 
greater rates in areas with limited resources [1]. 
According to the World Health Organization, these 
infections affect countless patients globally each year, 
constituting a significant worldwide public health issue 
[2]. The ICU setting, with its critically ill patients, 
frequent use of invasive devices, and complex 
procedures, fosters conditions that heighten the risk of 
infection spread [3]. 

The financial impact of these infections is immense, 
with yearly expenses in the U.S. alone surpassing $35 
billion [4]. Besides monetary costs, these infections 
severely affect patient survival, with associated death 
rates varying from 15% to 30% based on infection type 

and patient group [5]. The rise of antibiotic-resistant 
bacteria has added further complexity, reducing 
treatment options and worsening patient outlooks [6]. 

Conventional methods for infection control have 
mainly depended on monitoring and reactive measures. 
Yet, the constantly changing ICU environment calls for 
more advanced, forward-looking approaches [7]. Risk 
evaluation techniques, such as failure mode and effects 
analysis (FMEA), healthcare failure mode and effects 
analysis (HFMEA), and hazard analysis critical control 
point (HACCP) systems, have become important 
instruments for proactive infection prevention [8]. 
These structured methods allow healthcare facilities to 
pinpoint potential weak points in infection control 
processes and apply specific countermeasures before 
problems arise [9]. 
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The biological mechanisms related to infection risk 
and the body's response are becoming clearer through 
biomarker studies. Established markers of inflammation 
like C-reactive protein (CRP), interleukin-6 (IL-6), and 
procalcitonin (PCT) have historically been useful for 
tracking systemic inflammation and treatment efficacy 
[10]. However, their lack of specificity and limited 
predictive power has spurred the exploration of more 
advanced biomarkers [11]. Newer markers such as 
Chitinase-3-Like Protein 1 (CHI3L1), which plays a role 
in tissue repair and immune modulation; soluble 
Triggering Receptor Expressed on Myeloid Cells-1 
(sTREM-1), indicative of innate immune system activity; 
and Adrenomedullin (ADM), a sign of endothelial cell 
impairment, offer more detailed understanding of 
specific disease processes [12-14]. 

Combining biomarker tracking with risk evaluation 
marks a significant change in ICU infection control 
strategy. This method allows not only for recognizing 
patients at high risk but also for objectively measuring 
how well interventions work at a biological level [15]. 
Moreover, changes in biomarker levels might signal 
developing infections before clinical symptoms appear, 
enabling genuinely proactive measures [16]. 

This detailed review consolidates current findings on 
the influence of risk assessment techniques on 
managing ICU-acquired infections, focusing particularly 
on clinical results and biomarker changes. We examine 
the mechanistic understanding offered by biomarker 
research and consider the potential for combined, 
biomarker-informed risk models to transform infection 
prevention and patient management in the ICU. 

 
Methods 
 
Search Strategy and Selection Criteria 

We systematically searched major electronic 
databases including PubMed, Cochrane Library, 
EMBASE, and Web of Science for literature published 
from January 2010 to December 2025. The search used 
controlled vocabulary and keywords related to 
"intensive care unit," "hospital-acquired infection," "risk 
assessment," "biomarkers," and "infection control." We 
also manually examined the reference lists of pertinent 
articles for additional sources. 
 
Inclusion and Exclusion Criteria 

Studies were eligible if they: (1) examined risk 
assessment interventions in ICU environments; (2) 
reported results concerning rates of nosocomial 
infection, clinical measures, or biomarker levels; (3) 
involved adult ICU patients; and (4) were published in 
English. We excluded studies that: (1) were not set in an 
ICU; (2) were case reports or opinion pieces; (3) lacked 

comparison groups; or (4) provided insufficient data for 
evaluation. 

researchers independently collected data using a 
standardized form, recording study details, patient 
characteristics, intervention information, outcome 
measures, and biomarker data. Study quality was 
evaluated using the Newcastle-Ottawa Scale for 
observational research and the Cochrane Risk of Bias 
tool for interventional studies [17]. 

Due to variability among the included studies, we 
used a narrative synthesis approach. Biomarker data 
were analyzed descriptively, focusing on trends 
observed after the implementation of risk assessment 
interventions. 

 
Results 
 
Clinical Outcomes Following Risk Assessment 
Implementation 

The adoption of structured risk assessment 
protocols yielded consistent benefits across several 
clinical areas. Compliance with hand hygiene improved 
significantly, with pooled data showing a mean 
difference of -105.03 (95% CI: -160.29 to -49.77) 
compared to control groups [18]. Adherence to aseptic 
techniques also improved markedly (MD: -85.53, 95% 
CI: -119.42 to -51.64), indicating better procedural 
safety [19]. 

Most importantly, the incidence of nosocomial 
infections fell substantially after introducing risk 
assessment (OR: 0.46, 95% CI: 0.33-0.64) [20]. This 
reduction correlated with meaningful clinical benefits, 
including higher rates of patient recovery (OR: 3.24, 
95% CI: 1.14-9.19) and shorter hospital stays (MD: -3.36 
days, 95% CI: -3.77 to -2.94) [21]. 

 
Biomarker Changes After Risk Assessment Interven-
tions 

 
Established Inflammatory Markers 

CRP levels fell by an average of 28% (95% CI: -34% 
to -22%) following risk assessment implementation, 
suggesting less systemic inflammation [22]. IL-6, a 
major pro-inflammatory cytokine, decreased even more 
(35%, 95% CI: -41% to -29%), indicating a moderation 
of the excessive cytokine response common in severe 
infections [23]. Procalcitonin concentrations dropped 
by 31% (95% CI: -38% to -24%), supporting better 
management of bacterial infections [24]. 
 
Emerging Biomarkers 

CHI3L1, associated with inflammation and tissue 
repair, decreased by 22% (95% CI: -28% to -16%), 
pointing to reduced immune system activation and 
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tissue damage [25]. sTREM-1, a marker of innate 
immune response, declined by 30% (95% CI: -36% to -
24%), reflecting improved control of bacterial infections 
[26]. Adrenomedullin levels fell by 26% (95% CI: -32% 
to -20%), hinting at better endothelial function and 
reduced blood vessel leakiness [27]. 
 
Risk Assessment Approaches 

Various risk assessment tools proved effective, with 
FMEA being the most frequently used method [28]. 
Incorporating electronic health record data and 
machine learning algorithms showed potential for 
improving the accuracy of risk predictions [29]. 

 

Discussion 
This comprehensive review indicates that risk 

assessment methods lead to significant improvements 
in both clinical outcomes and biomarker levels for ICU 
patients vulnerable to nosocomial infections. The 
consistent decrease in traditional inflammatory 
markers (CRP, IL-6, PCT) highlights the broad anti-
inflammatory effect of optimized infection control 
practices [30]. These results support growing evidence 
that successful infection prevention involves more than 
just reducing pathogens; it also includes modifying the 
body's inflammatory response [31]. 

The observed drops in novel biomarkers offer 
interesting clues about possible mechanisms behind 
clinical improvement. The reduction in CHI3L1 implies 
less immune-related tissue injury, while lower sTREM-1 
levels suggest better regulation of the innate immune 
response [32,33]. The decline in ADM may indicate 
improved function of the blood vessel lining, potentially 
decreasing organ failure in critically ill patients [34]. 
Together, these biomarker shifts suggest that risk 
assessment interventions may help correct the 
disordered host response often seen in critically ill 
patients with hospital-acquired infections [35]. 
 
Clinical Applications and Practical Hurdles 

Integrating biomarker monitoring with risk 
assessment protocols offers several benefits. Firstly, 
biomarkers provide objective measures of infection 
severity and treatment effectiveness, supplementing 
clinical evaluation [36]. Secondly, repeated biomarker 
testing might allow earlier infection detection and 
quicker intervention [37]. Thirdly, biomarker patterns 
could help pinpoint patients who would gain the most 
from enhanced infection prevention measures [38]. 

However, several practical challenges need to be 
overcome. The cost-benefit ratio of widespread 
biomarker monitoring requires careful assessment, 
especially in settings with limited resources [39]. 
Standardizing testing methods and interpretation 
guidelines is crucial for consistent use across different 

hospitals [40]. Additionally, incorporating biomarker 
data into clinical decision support systems must be done 
in a way that simplifies, rather than hinders, clinical 
workflows [41]. 

 
Methodological Issues and Limitations 

While evidence favoring risk assessment in ICU 
infection control is strong, several methodological 
points deserve attention. Differences in risk assessment 
tools and implementation strategies across studies 
make direct comparisons difficult [42]. Also, most 
studies concentrated on short-term results, with little 
information on long-lasting benefits [43]. 

The biomarker findings, though encouraging, require 
careful interpretation. Factors like timing of 
measurement, assay differences, and patient co-existing 
conditions can affect biomarker levels [44]. 
Furthermore, the best combination and timing of 
biomarker tests for risk evaluation remain unclear [45]. 
Most studies in this review measured biomarkers at only 
a few time points, possibly missing important dynamic 
changes that could offer further insight into infection 
development and response to treatments [46]. 
 
Theoretical Perspective and Mechanistic Understand-
ing 

The observed benefits of risk assessment can be 
viewed through the theory of complex adaptive systems 
[47]. ICUs are complex environments where interacting 
components (patients, staff, equipment, microbes) 
produce outcomes that are hard to predict from 
individual parts alone [48]. Risk assessment methods 
offer a structured way to identify key control points 
within this system, allowing focused actions that can 
yield significant benefits relative to the effort involved 
[49]. 

From a disease mechanism standpoint, the 
biomarker changes seen after implementing risk 
assessment suggest an effect on multiple linked 
biological pathways. The decrease in pro-inflammatory 
substances (IL-6) and acute-phase proteins (CRP) 
shows reduced systemic inflammation [50]. The drop in 
CHI3L1 indicates less tissue damage and repair activity 
[51]. The reduction in sTREM-1 implies better 
containment of local infections before they provoke an 
overwhelming innate immune reaction [52]. Finally, the 
lower ADM levels may reflect better blood vessel 
integrity and less endothelial cell activation [53]. These 
interconnected changes support the idea that effective 
infection prevention offers benefits beyond mere 
pathogen reduction, actually helping to modulate the 
host's response to limit secondary tissue damage [54]. 
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Future Research Needs and Priorities 
Several areas require further study. First, 

randomized trials comparing different risk assessment 
methods are needed to determine the most effective 
strategies [55]. Second, research on the economic 
efficiency of biomarker-guided risk assessment would 
guide real-world implementation [56]. Third, studies 
investigating the use of artificial intelligence and real-
time monitoring systems could transform infection 
prevention [57]. 

Long-term studies tracking biomarker changes 
alongside clinical outcomes may identify critical levels 
that signal the need for action [58]. Research into 
patient-specific factors affecting biomarker responses 
could enable personalized prevention plans [59]. 
Creating integrated risk prediction models that merge 
clinical data, microbiological information, and 
biomarker profiles is a promising direction for 
improving ICU infection prevention [60]. 

Future research should also examine the potential 
for using biomarkers to guide the efficient use of 
infection prevention resources. With increasing 
pressure on healthcare budgets, the ability to identify 
patients who would benefit most from intensive 
measures could optimize resource use [61]. Similarly, 
biomarkers might help determine when to scale back 
preventive measures, avoiding unnecessary 
interventions and costs [62]. 
 

 
 
 

Conclusion 
Risk assessment strategies in managing ICU-

acquired infections demonstrate significant benefits for 
patient outcomes and biomarker profiles. Integrating 
monitoring of both traditional and novel biomarkers 
deepens our understanding of the biological processes 
underlying these improvements. The consistent 
lowering of inflammation and immune activation 
biomarkers suggests that successful infection 
prevention produces biological benefits, potentially 
helping to moderate the host's response and reduce 
secondary tissue injury. 

Future studies should concentrate on standardized 
implementation methods, long-term biomarker track-
ing, and developing personalized risk models to opti-
mize infection prevention and patient care in the ICU. 
Combining biomarker data with clinical risk assessment 
represents a promising strategy for increasing the pre-
cision and effectiveness of infection prevention in criti-
cally ill patients. 
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