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this knowledge gap, we conducted a systematic review to comprehensively analyze
existing literature on AKI in surgical patients. In this paper, we provided a systemically
review analysis based on Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) technique for AKI risk factors and clinical biomarkers. The advanced
searching into two powerful databases which is Scopus, Pubmed and Mendeley. Based
on searching, find finally main data n=30 and will be analyzed using the synthesis
approach. Through a meticulous search and appraisal of studies in reputable scientific
databases, we identified a diverse range of research articles, clinical trials, and cohort
studies that met our rigorous inclusion criteria. Synthesizing the findings from these
studies, we explored the multifactorial nature of AKI, encompassing patient-related
factors, surgical variables, and exposure to potential nephrotoxic agents. Our review
revealed that AKl in surgical patients is influenced by a complex interplay of risk factors,
including patient demographics, comorbidities, surgical procedures, anaesthetic
management, and exposure to nephrotoxic drugs. The systematic analysis identified
the most common drug classes associated with drug-induced AKI, such as diuretics, ACE
inhibitors/angiotensin receptor blockers (ACEls/ARBs), and antibiotics. Understanding
these associations is crucial in minimizing the risk of drug-induced AKI in surgical
patients. In conclusion, our systematic review contributes to a deeper understanding
of the landscape of AKI in surgical patients. The identified risk factors and clinical
biomarkers provide valuable guidance for risk stratification, preventive strategies, and
early intervention, ultimately enhancing patient safety and outcomes in the context of
surgical care.
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1. Introduction

Acute kidney injury (AKI) represents the updated and widely accepted term for acute renal failure.
It denotes a clinical syndrome characterized by a swift decline in renal excretory function, occurring
over a short period (ranging from hours to days) [1]. This results in the accumulation of nitrogen
metabolism by-products, such as creatinine and urea, alongside other unmeasured waste products
with potential clinical significance. Typical manifestations encompass reduced urine output (although
not universally present), the build-up of metabolic acids, and elevated levels of potassium and
phosphate [2].

The adoption of the term "acute kidney injury" over "acute renal failure" serves to emphasize the
continuum of kidney injury that occurs well before significant loss of excretory kidney function
becomes evident through conventional laboratory tests. This conceptual shift also underscores the
varying prognoses associated with AKI, with escalating mortality risks linked to even slight increases
in serum creatinine levels, and further elevated mortality rates as creatinine concentration rises.
Acute Kidney Injury (AKI) is a critical and prevalent complication that poses significant challenges to
the management and outcomes of surgical patients. AKI is characterized by a sudden and rapid
decline in renal function, leading to the accumulation of waste products and electrolyte imbalances.
It is associated with increased morbidity, prolonged hospital stays, elevated healthcare costs, and a
heightened risk of mortality [3].

In recent years, the incidence of AKI in surgical patients has been on the rise, prompting
researchers and clinicians to delve deeper into its underlying causes and potential predictive markers.
The multifactorial nature of AKI involves a complex interplay of patient-related factors, surgical
procedures, anesthetic management, and exposure to nephrotoxic agents [4] Additionally, an
evolving body of evidence suggests that certain clinical biomarkers may serve as early indicators of
impending renal injury, facilitating timely intervention and preventive measures. AKI poses a
significant challenge for healthcare providers due to its association with increased morbidity,
mortality, prolonged hospital stays, and escalated healthcare costs [5]. The incidence of AKI in the
surgical setting has garnered considerable attention over the years, prompting extensive research
into identifying the determinants and understanding the pathophysiological mechanisms that
underlie its occurrence. Surgical patients represent a particularly vulnerable population, as they often
encounter a complex interplay of factors that can compromise renal function, including surgical
stress, fluid imbalances, exposure to nephrotoxic medications, and ischemia-reperfusion injury
during surgery [6,7].

Despite advances in medical science and surgical techniques, AKI remains a major cause of
morbidity and mortality in the postoperative period [8]. The multifactorial nature of AKI presents a
complex challenge, with various risk factors and clinical biomarkers contributing to its occurrence.
Despite its clinical significance, there is still a lack of a comprehensive and systematic understanding
of the specific risk factors and clinical biomarkers associated with AKI in the surgical patient
population. The existing literature on AKI in surgical patients is vast and varied, comprising studies
with varying methodologies, sample sizes, and outcomes. Previous research has often focused on
specific aspects or risk factors, leading to fragmented and sometimes conflicting findings. Moreover,
the lack of a unified approach to identifying and assessing clinical biomarkers for AKI has hindered
the development of standardized preventive and management strategies in the surgical setting [9].

The process of kidney injury initiates before the loss of excretory function, which is commonly
represented by a decreased glomerular filtration rate (GFR). In certain instances, such injuries can be
identified through the assessment of specific biomarkers. These biomarkers not only have potential
diagnostic applications but also hold promise for prognostic evaluations. The glomerular filtration
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rate (GFR) is a crucial measure of kidney function. Several biomarkers have been identified to aid in
the detection and assessment of kidney injury [10].
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Fig. 1. Evolution of AKI [11]

These biomarkers play a crucial role in identifying early signs of kidney injury even before a
decline in GFR becomes apparent. They offer valuable understanding for diagnostic purposes, aiding
in the timely detection and management of kidney dysfunction. Additionally, these biomarkers can
be utilized for prognostic assessments, helping to predict the severity of kidney injury and associated
outcomes. By utilizing these biomarkers, clinicians can enhance their ability to monitor kidney health,
implement preventive measures, and tailor treatment strategies to improve patient outcomes.
Emphasizing the importance of these biomarkers offers a promising avenue for advancements in the
early diagnosis and management of kidney injury. Therefore, early identification and understanding
of the risk factors and clinical biomarkers associated with AKI are of paramount importance in
optimizing patient care and surgical outcomes [12].

2. Material and methods

In choosing several appropriate papers for this report, the systematic review process consists of
three main phases. The first step is keyword recognition and the quest for linked, similar terms based
on the thesaurus, dictionaries, encyclopedia, and previous studies. Accordingly, after all the relevant
keywords were decided, search strings on Scopus and PubMed (see Table 1) databases have been
created. In the first step of the systematic review process, the present research work successfully
retrieved 35 papers from both databases.

2.1 Screening

During the initial screening phase, duplicate papers should be disregarded. Based on various
inclusion-and-exclusion criteria created by researchers, 7 papers were excluded in the first phase,
whereas 44 articles were evaluated in the second phase. Because literature (research articles) is the
main source of useful knowledge, it was the first criterion. Additionally, publications in the form of
systematic reviews, reviews, meta-analyses, meta-synthesis, book series, books, chapters, and
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conference proceedings are excluded from the current study. Additionally, the review was limited to
English-language studies only. The schedule was established for a ten-year period (2021-2022),
which is important to remember. Otherwise, to comply with the analytic purpose, only research
conducted on Malaysian soil have been chosen. 56 publications overall based on predetermined
criteria.

Table 1
Search and Screening Process
Scopus TITLE-ABS-KEY ( "risk factors" AND "biomarkers*" AND "acute kidney injury" AND "surgical*

patient" ) AND ( LIMIT-TO ( EXACTKEYWORD , "Acute Kidney Injury" ) OR LIMIT-TO (
EXACTKEYWORD, "Biomarkers" ) OR LIMIT-TO ( EXACTKEYWORD, "Surgical Patient" ) OR LIMIT-
TO ( EXACTKEYWORD, "Adult" ) ) AND ( LIMIT-TO ( SUBJAREA, "MEDI" ) ) AND ( LIMIT-TO (
DOCTYPE, "ar" ) OR LIMIT-TO ( DOCTYPE, "re" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) AND (
LIMIT-TO ( SRCTYPE, "j" ) ) AND ( LIMIT-TO ( PUBSTAGE, "final" ) )

Pubmed (("risk factors"[MeSH Terms] OR ("risk"[All Fields] AND "factors"[All Fields]) OR "risk factors"[All
Fields]) AND ("biomarker s"[All Fields] OR "biomarkers"[Supplementary Concept] OR
"biomarkers"[All Fields] OR "biomarker"[All Fields] OR "biomarkers"[MeSH Terms]) AND "AKI"[All
Fields] AND ("surgical procedures, operative"[MeSH Terms] OR ("surgical"[All Fields] AND
"procedures"[All Fields] AND "operative"[All Fields]) OR "operative surgical procedures"[All
Fields] OR "surgical"[All Fields] OR "surgically"[All Fields] OR "surgicals"[All Fields]) AND ("patient
s"[All Fields] OR "patients"[MeSH Terms] OR "patients"[All Fields] OR "patient"[All Fields] OR
"patients s"[All Fields])) AND ((ffrft[Filter]) AND (review(Filter])

Mendeley Risk factors and clinical biomarkers of acute kidney injury AND surgical patients

2.2 Eligibility

For the third step, known as eligibility, a total of 44 articles have been prepared. All articles’ titles
and key content were thoroughly reviewed at this stage to ensure that the inclusion requirements
were fulfilled and fit into the present study with the current research aims. Therefore, 14 articles
were omitted because they were not met the searching criteria’s. Finally, 30 articles are available for
review (see Table 2).

Table 2

Eligibility Process

Criterion Inclusion Exclusion

Language English Non-English

Time line 2015-2023 <2015

Literature type Journal (Article) Conference, Book,
Review

Publication Stage Final In Press

Subject Area Medical Non-medical

2.3 Data Abstraction and Analysis

An integrative analysis was used as one of the assessment strategies in this study to examine and
synthesize a variety of research designs (cohort study, retrospective and prospective study). The goal
of the competent study was to identify relevant topics and subtopics. The stage of data collection
was the first step in generating the classifications of biomarkers and risk factors. Figure 2 shows how
the authors meticulously analyzed a compilation of 30 publications for assertions or material relevant
to the topics of the current study. The authors then evaluated the current significant studies related
to surgical patients. The methodology used in all studies, as well as the research results, are being
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investigated. Next, the author collaborated with other co-authors to classify the AKI biomarkers and
risk factors based on the evidence in this study’s context. A log was kept throughout the data analysis
process to record any analyses, viewpoints, riddles, or other thoughts relevant to the data
interpretation. Finally, the authors compared the results to see if there were any inconsistencies in
the theme design process. It is worth noting that, if there are any disagreements between the
concepts, the authors discuss them amongst themselves. The produced biomarkers and risk factors
of AKI were eventually tweaked to ensure consistency. The analysis selection was carried out by two
experts, sexpert medical doctor in surgery and the other in nephrology who is nephrologist
consultant and academician to determine the validity of the problems. The expert review phase
ensures the clarity, importance, and suitability of each subtheme by establishing the domain.

Tithe/ abstract identified using search
strategy
S wopus {n = 35)
% Pubmed (n=2)
: Mendley (n= 19)
s Total = 56
; Records excluded follow the criterion;
removed Noa-English, < 2015, book
chapter, conference proceeding, In Press,
non-medical
v
Records after «creened
Scopus (n=32)
© Pubmed [n=2)
c Mendeley(17)
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A
Duplicate record removed
(n=7)
Full text articles assessed for
eligibility
{n= &4)
g Full text excluded
2
g
et Due to the out of field (n=5)
Title not significantly (n=4
Abstract not related on the objective of
the study (n=5)
{n=14)
A
Studies included for further review
)
- (n=30)
=
v}
s

Fig. 2. The flow of article using a search strategy
3. Result and Finding

AKl is a multifactorial and potentially serious complication affecting patients undergoing surgical
procedures. Exploring the various clinical biomarkers and risk factors contributing to the
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development of AKI among surgical patients is significant to understand the pathophysiological
mechanisms that underlie its occurrence.

Based on the searching technique, 32 articles were extracted and analysed. All articles were
categorised based on three main categories, which are clinical biomarkers (19 articles), surgery risk
factors (6 articles), and Drugs induced AKI (5 articles) as presented at Table 3.

3.1 Clinical Biomarkers
3.1.1 N-terminal pro-brain natriuretic peptide (NT-proBNP)

N-Terminal pro B-Type natriuretic peptide (NT-proBNP) is a biomarker used in medicine to assess
the function and health of the heart. It is a fragment of a protein called B-type natriuretic peptide
(BNP), which is released by the heart in response to stretching of the heart muscle walls, particularly
in conditions of increased pressure or volume overload [13]. Moreover, at cardiac surgery the
association between preoperative biomarkers that reflect cardiac, inflammatory, renal, metabolic
disorders and cardiac surgery-Associated AKI (CSA-AKI) are crucial to improve identification of
patients at risk for renal injury [14]. For example, a study done at 539 perioperative patients to
identify novel risk factors for cardiac surgery-associated AKI (CSA-AKI) in elderly patients by analyzing
preoperative biomarkers reflecting cardiac, inflammatory, renal, and metabolic disorders. In this
study, it was found CSA-AKI occurred in 88 (16.3%) patients and was associated with increased risk
of mortality (RR, 6.70 [95% confidence interval {Cl}, 3.38-13.30]) and disability (RR, 2.13 [95% Cl, 1.53-
2.95]). Preoperative concentrations of N-Terminal pro B-Type natriuretic peptide (NT-proBNP), high-
sensitive C-reactive protein (hs-CRP), hemoglobin, and magnesium had the strongest association with
CSA-AKI [15].

A similar study but conducted involving 3,314 noncardiac surgical patients with preoperative N-
terminal pro-brain natriuretic peptide (NT-proBNP) and left ventricular ejection fraction LVEF
measurements to forecast postoperative AKI in noncardiac surgical patients AKI occurred in 223
patients (6.72%) within a week after surgery. Preoperative NT-proBNP concentrations and LVEF levels
were found to be independent predictors of AKI, even after adjusting for clinical variables. The
inclusion of these biomarkers resulted in significant improvements in reclassification, with 22.9%
(95% Cl 10.5-34.4%) for patients experiencing postoperative AKl and 36.3% (95% Cl 29.5-43.9%) for
those who did not, leading to an overall improvement in net reclassification (NRI: 0.591, 95% ClI
0.437-0.752, p < 0.000). The integral discrimination improvement was 0.100 (95% CI: 0.075, 0.125, p
< 0.000). These findings highlight the potential of NT-proBNP and LVEF as valuable biomarkers in
predicting postoperative AKI and may aid in risk assessment and patient management during
noncardiac surgical procedures [16].

Fan et al., [17]performed a cohort study among a discovery cohort (n=452) and a validation
cohort (n=326) for early identification of acute kidney injury (AKI) following cardiac surgery. Using a
combination of least absolute shrinkage and selection operator, logistic regression, and machine
learning techniques, five independent biomarkers were identified for the nomogram inclusive of
soluble ST2 (sST2), N terminal pro-brain natriuretic peptide (NT-proBNP), heart-type fatty acid
binding protein (H-FABP), lactic dehydrogenase (LDH), and uric acid (UA). NT-proBNP, 5.50 [3.54—
8.71] was found significantly correlated with AKI after adjusting clinical confounders (odds ratio and
95% confidence interval).

Zhoa et al., [18] conducted a similar study to investigate the predictive role of pre-operative N-
terminal pro-B-type natriuretic peptide (NT-proBNP) on postoperative AKI. A retrospective cohort
study was conducted involving adult patients who underwent noncardiac surgery between February
2008 and May 2018. Of 7,248 patients, 6.1% (444) developed AKI within one week after surgery. Pre-
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operative NT-proBNP was an independent predictor of AKI after adjustment for clinical variables (OR
comparing top to bottom quintiles 2.29, 95% Cl, 1.47 to 3.65, P<0.001 for trend; OR per 1-unit
increment in natural log transformed NT-proBNP 1.27, 95% Cl, 1.16 to 1.39). From this study, it can
be observed that, NT-proBNP concentrations provided predictive information for AKl in a cohort of
patients undergoing noncardiac surgery, independent of and incremental to conventional risk
factors.

3.1.2 Kidney injury molecule-1 (KIM-1)

Kidney injury molecule-1 (KIM-1), is a transmembrane glycoprotein and is primarily found in the
proximal tubules of the kidney. KIM-1 plays a significant role in the response to kidney injury and is
considered a biomarker for acute kidney injury (AKI) [19]. When the kidney is injured due to various
factors such as ischemia, toxins, or infections, the expression of KIM-1 is upregulated. A cohort study
of high-risk adults undergoing cardiac surgery, pre-operative plasma levels of sSTNFR1, sTNFR2, and
KIM-1 were examined for their association with long-term outcomes after discharge. Out of 1378
participants with a median follow-up of 6.7 years, 31% died, 19% experienced cardiovascular events,
and 30% developed CKD. However, the individual biomarkers or their combination did not
significantly discriminate outcomes compared to a clinical model. The study highlighted the
significance of pre-operatively measured sTNFR1, sTNFR2, and KIM-1 in predicting long-term
outcomes in high-risk individuals after cardiac surgery, suggesting their potential use in patient
evaluation before cardiac surgery [20].

Another prospective cohort study (TRIBE-AKI) was aimed to examine whether specific kidney
injury biomarkers in urine collected immediately after cardiac surgery are associated with the
duration of serum creatinine elevation. This study involved 1199 adults undergoing cardiac surgery,
the levels of five urinary biomarkers were analyzed. Among the patients, 407 (34%) experienced at
least stage 1 AKI, with 251 (61.7%) having AKI lasting 1-2 days, 118 (28.9%) for 3—6 days, and 38
(9.3%) for 27 days. An AKI duration of 7 days or longer was associated with a 5-fold increased risk of
mortality at 3 years. The most significant associations were observed for urine KIM-1 and IL-18, with
each logarithmic increase in these markers being linked to a 36% and 22% higher likelihood of longer
AKI duration, respectively (OR 1.36, 95% Cl 1.21, 1.52 for KIM-1 and OR 1.22, 95% Cl 1.13-1.32 for IL-
18). The highest quintiles of KIM-1 and IL-18 showed a 2.3-fold and 2.9-fold increased likelihood of
extended AKI duration, respectively. This study revealed an independent dose-response relationship
between levels of urinary injury biomarkers immediately after cardiac surgery and the duration of
AKI. Additionally, longer AKI duration was linked to higher long-term mortality risk [20].

Goger et al., [21]performed a study among patients with acute unilateral obstructive stone
disease (AUOSD) undergoing endoscopic surgery. Urine samples from 50 patients were collected
preoperatively, postoperatively at 4 hours, and on the 7th postoperative day. The study found that
urinary KIM-1/Cr and NGAL/Cr (p < 0.001) were significantly higher in the early postoperative period
and correlated with higher grades of hydronephrosis. Additionally, these biomarkers demonstrated
predictive potential for identifying hydronephrosis as KIM-1 value of 1.24 ng/mL had a sensitivity of
78% and a specificity of 63%. Authors conclude that KIM-1 and NGAL are valuable biomarkers for
assessing renal function and aiding in the management of AUOSD patients, including predicting
hydronephrosis and monitoring patients with JJ stents even though SCr are normal.

A retrospective study conducted among 157 patients was enrolled to assess the early diagnosis
of acute kidney injury (AKI) in patients with urosepsis following ureteroscopic lithotripsy (URL), using
urine interleukin-18 (IL-8), neutrophil gelatinase-associated lipocalin (NGAL), and kidney injury
molecule-1 (KIM-1). Urine biomarkers were measured at various time intervals after surgery. AKI
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group exhibited significantly higher levels of urine IL-8, NGAL, and KIM-1 at 4, 12, 24, and 48 hours
post-surgery (p < 0.01). Combined detection of urine IL-8, NGAL, and KIM-1 at 12 hours yielded an
improved diagnostic performance (AUC: 0.997, 95% Cl: 0.991-0.998), with 98.2% sensitivity and
96.7% specificity. The study concludes that elevated levels of these urine biomarkers can promptly
identify AKI in patients with URL-related urosepsis, and their combined evaluation at 12 hours post-
surgery can serve as an essential reference for early AKI diagnosis [22].

3.1.3 Serum Creatinine (SCr)

Jinetal., [23] performed a retrospective study analysis on 1334 patients who underwent elective
cardiac surgery between January 1 and December 31, 2015 to explore how serum SCr corrected for
fluid balance influences the prognosis of cardiac surgery patients. The Kidney Disease: Improving
Global Outcomes (KDIGO) criteria were used to identify CSA-AKI, with SCr measurements taken every
24 hours during the ICU period and adjusted for cumulative fluid balance. The difference between
SCr before and after adjustment, termed ACrea, was used to classify patients into three groups: the
underestimation group (ACrea > P75), the normal group (P25 < ACrea < P75), and the overestimation
group (ACrea < P25). After adjusting for fluid balance, the incidence of AKl increased from 29.5% to
31.8%. Patients in the underestimation group had a prolonged length of ICU stay compared to the
normal and overestimation groups (3.2 [1.0-4.0] vs. 2.1 [1.0-3.0] days, P < 0.001; 3.2 [1.0-4.0] vs.
2.3 [1.0-3.0] days, P < 0.001). The underestimation group also experienced significantly longer
hospital stays and mechanical ventilation dependency compared to the normal group (P < 0.001).
Multivariate analysis revealed that age, baseline SCr, and left ventricular ejection fraction were
independently associated with the underestimation of creatinine. In this study revealed patients with
underestimation of SCr were found to have a poorer prognosis. This finding also highlights the
importance of considering fluid balance adjustments when assessing kidney function and predicting
outcomes in patients undergoing cardiac surgery as cumulative fluid balance following cardiac
surgery interferes with accurate measurement of serum creatinine [23].

A retrospective analysis of clinical data from 450 patients who underwent major abdominal
surgery were assess the occurrence and predictive factors of both transient and persistent
postoperative AKI as well as its impact on in-hospital mortality. The researchers considered AKI
diagnosed within the first 48 hours after surgery, using the Kidney Disease: Improving Global
Outcome (KDIGO) classification based on serum creatinine (SCr) and urine output criteria. Persistent
and transient AKI were defined following the Acute Disease Quality Initiative (ADQI) workgroup
definitions. The result revealed AKI was observed in 22.4% of patients (n = 101) within the first 48
hours after surgery, with 48% of these patients (n = 49) experiencing persistent AKI lasting for more
than 48 hours. SCr were identified as independent predictors of persistent AKI (adjusted OR 22.67
[4.00-128.46], p < 0.001) and patients with persistent AKI had a higher mortality rate compared to
those with transient AKI (51.9% vs. 20.7%). Persistent AKI remained an independent predictor of in-
hospital mortality after adjusting for other factors [24].

There was another study that aimed to identify risk factors for acute kidney injury (AKI) based on
pre-operative variables in individuals aged 65 and older. The eligible participants were patients aged
65 or above who underwent non-cardiac, non-ambulatory scheduled surgeries. AKI cases were
identified from hospital databases, and 300 patients with no AKI diagnosis were randomly selected
as controls. A total of 81 AKI cases and 239 controls were identified, with a post-operative AKI
incidence of 2.87%. Pre-operative creatinine level (p = 0.0001), a history of respiratory insufficiency
(p =0.04), prior vascular surgery (p = 0.0001), and abdominal surgery (p = 0.03) were associated with
an increased risk of AKI after surgery. These factors were used to develop a score and a nomogram
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to predict the occurrence of post-operative AKI. A history of renal disease was also linked to a higher
risk of post-operative AKI, particularly in cases involving vascular or abdominal surgery [25].

3.1.4 Urinary neutrophil gelatinase-associated lipocalin (NGAL)

Another vital biomarker to be considered to detect and assess the kidney injury though Urinary
neutrophil gelatinase-associated lipocalin (NGAL) that is measured in urine by Patel et al., [26] study.
NGAL is a protein that is produced by neutrophils, a type of white blood cell, and it is also expressed
by cells in the kidney tubules. During kidney injury or stress, the expression of NGAL increases, leading
to elevated levels of NGAL in the urine [27]. A prospective cohort study was aimed to investigate and
validate the potential endostatin as a predictor for failure to recover from AKI. This study was
conducted on 198 patients without known chronic kidney disease (CKD) who underwent major
noncardiac surgery and developed new-onset AKI within 48 hours of ICU admission. Plasma levels of
endostatin, neutrophil gelatinase-associated lipocalin (NGAL), and cystatin C were measured
immediately after AKI diagnosis. The primary endpoint was nonrecovery from AKI within 7 days.
Endostatin showed superior predictive capabilities for nonrecovery (AUC =0.776, Cl 0.654-0.892, p <
0.001) compared to NGAL and cystatin C. The prediction model combining endostatin with clinical
risk factors (SOFA score and AKI classification) significantly improved predictive ability (AUC = 0.887,
Cl 0.766-0.958, p < 0.001). The endostatin-clinical risk model outperformed others, achieving a
sensitivity of 94.6% and specificity of 72.7%. Plasma endostatin serves as a valuable predictor for
nonrecovery from AKl in surgical patients, and combining it with clinical risk factors offers a promising
approach for identifying higher-risk patients [28].

The prospective observational study aimed to investigate the development of acute kidney injury
(AKI) in patients undergoing major abdominal surgery by comparing the rise in NGAL to that in
creatinine. Sixty patients between 18 and 65 years old undergoing major abdominal surgery were
included. Patients with certain medical conditions and those undergoing emergency surgery were
excluded. Various laboratory values, including leukocyte and creatinine levels, NGAL, lactate, and
urine output, were evaluated at different time points. Results showed that 15% of patients had
increased NGAL values at 6 hours postoperatively, indicating early detection of AKI. Increased
creatinine levels and decreased urine output were observed at 48 hours postoperatively, further
confirming the development of AKI. NGAL proved to be an early predictive biomarker for AKI in
patients undergoing major abdominal surgery [29].

A similar study to compare various serum and urinary markers (creatinine, kineticGFR, cystatin C,
NGAL, NephroCheck, proteinuria, albuminuria, and acantocytes) for their predictive capabilities of
AKI and long-term eGFR decline after robotic Nephron-Spearing Surgery (rNSS). The procedure was
performed on 38 patients undergoing rNSS for suspected localized Renal Cell Carcinoma. Samples
were collected before and after surgery, with kidney function assessed for up to 24 months. Of the
participants, 42% developed clinical AKI, and those with postoperative AKI experienced a more
significant eGFR decline at 24 months. In this study, 16 (42%) developed clinical AKI. The eGFR decline
at 24 months was more pronounced after postoperative AKI (-20.75 vs. -7.20, p < 0.0001).
KineticGFR at 4 h (p = 0.008) and NephroCheck at 10 h (p = 0.001). At multivariable linear regression
analysis, KineticGFR at 4 hours and NephroCheck at 10 hours emerged as efficient predictors of
postoperative AKIl and long-term eGFR decline, outperforming creatinine. These non-invasive and
early biomarkers could enable early identification of patients at high risk for postoperative AKI and
long-term eGFR decline, offering potential benefits for clinical practice [30].
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3.1.5 C-reactive protein (CRP)

C-reactive protein (CRP), procalcitonin, and presepsin are suggested as important diagnostic and
prognostic factors in critically ill sepsis patients. In normal individuals, procalcitonin is found in low
concentrations. However, its levels significantly rise in response to different conditions such as
infection, tumor, burn, inflammation, trauma, and surgery [31]. CRP, produced in hepatocytes due
to inflammatory cytokines, increases in both infectious and non-infectious inflammation.
Procalcitonin, a precursor of calcitonin, rises in various conditions, especially bacterial and fungal
infections. Presepsin, released by activated monocytes in response to pathogens, is associated with
infectious inflammation. The levels of presepsin and CRP increase with decreased renal function, and
CRP can still predict infection accurately in patients with impaired kidney function [32].

A study to determine the procalcitonin (PCT), Sr Creatinine (SCr) and C-Reactive Protein (CRP)
value to predict the development of AKI was enrolled with 105 patients and categorized them into
AKI (37 cases) and non-AKI groups (68 cases). Various factors were compared between the groups.
Results showed that age, number of bee stings, and vomiting after admission were different between
the groups. AKI patients had higher levels of serum creatinine, PCT, interleukin-6 (IL-6), and
hypersensitive C-reactive protein (hs-CRP). PCT levels were positively correlated with SCr, IL-6, and
hs-CRP in AKI patients. The ROC curve analysis showed that the area under the ROC curve (AUC) of
age, SCr, PCT, IL-6 and hs-CRP for predicting AKI in patients with bee stings were 0.622 [95%
confidence interval (95%Cl) was 0.516 to 0.727], 0.722 (95%Cl was 0.601 to 0.843), 0.869 (95%Cl was
0.781t0 0.958), 0.739 (95%Cl was 0.627 to 0.851) and 0.799 (95%Cl was 0.700 to 0.900). Multivariate
analysis identified age, SCr, PCT, IL-6, and hs-CRP as independent risk factors for AKI after bee stings.
PCT had better predictive efficacy (AUC=0.869) and could be used as a valid biomarker for clinical
prediction [33].

The retrospective study involved 582 patients diagnosed with acute pancreatitis (AP), and the
severity of AP was classified using the Atlanta classification. Patient's laboratory values were
recorded upon their initial presentation to the emergency room. Subsequently, blood tests were
performed at 48 hours and monitored daily until the day of discharge. Among them, 147 patients
(25.2%) developed AKI. Patients who developed AKI were generally older, had lower albumin and
calcium levels, and higher C-reactive protein (CRP)/albumin and neutrophil/lymphocyte ratios. The
AKI group also showed higher levels of leukocytes, CRP, procalcitonin, and immature granulocytes,
with decreased lymphocytes, hematocrit, and platelet levels. Additionally, urea and creatinine levels
were higher in the AKI group at admission. The clinical picture of 13 patients with AP and AKI was
severe. The study concluded that hematocrit, platelet, leukocyte, lymphocyte, albumin, CRP,
CRP/albumin ratio, neutrophil/lymphocyte ratio, immature granulocytes, procalcitonin, urea, and
creatinine levels at admission could serve as useful biomarkers to predict AKI development in AP
patients, alongside age and accompanying diseases [34].

3.1.6 Urinary Output (UO)

Initially, Thomas et al.,, [45] study revealed minimum hourly urine output of 0.5 mL/kg is
commonly used for guiding perioperative fluid therapy. However, limited evidence supports this
practice, and it may contribute to excessive fluid administration during the perioperative period.
Interestingly, a randomized trial study was performed involving patients undergoing elective
colectomy without significant risk factors for acute kidney injury to assess the safety and fluid-saving
potential of a lower perioperative minimum urine output target compared to the standard target.
The study was conducted with 40 participants completing the trial. The low group received 3170 mL
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(95% confidence interval 2380-3960) of intravenous fluids compared to 5490 mL (95% confidence
interval 4570-6410) in the standard group (p = 0.0004). The low group was noninferior to the
standard group regarding neutrophil gelatinase-associated lipocalin levels [14.7 pg/L (interquartile
range 7.60-28.9) vs. 18.4 ug/L (interquartile range 8.30-21.2); Pnoninferiority = 0.0011], as well as
serum cystatin C (Pnoninferiority < 0.0001), serum creatinine (Pnoninferiority = 0.0004), and
measured glomerular filtration (Pnoninferiority = 0.0003). Effective renal plasma flow increased in
both groups after surgery, with a slightly larger increase observed in the standard group
(Pnoninferiority = 0.125). From this study showed, a perioperative urine output target of 0.2 mL/kg/h
is noninferior to the standard target of 0.5 mL/kg/h and results in significant intravenous fluid
sparing. This target should be considered for adoption in surgical patients without significant risk
factors for kidney injury [35].

The potential relationship between a mild AKI observed shortly after major surgery and its impact
on long-term renal function deserved for further investigation. Joosten et al., [36] conducted a study
to investigate whether patients who underwent intermediate-to-high-risk abdominal surgery and
experienced mild AKI in the subsequent days would be at a higher risk of long-term renal injury
compared to those without postoperative AKI. Result showed among the 815 patients included, 109
(13%) experienced postoperative AKI (81 mild and 28 moderate-to-severe). The median long-term
follow-up was 360, 354, and 353 days for the three groups, respectively (p= 0.2). Patients who
developed mild AKI had a higher risk of long-term renal injury than those who did not (odds ratio 3.1
[95% CI 1.7-5.5]; p < 0.001). In multivariable analysis, mild postoperative AKI was independently
associated with an increased risk of developing long-term renal injury (adjusted odds ratio 4.5 [95%
Cl 1.8-11.4]; p = 0.002). Study by Joosten et al., concludes that, mild AKI following major abdominal
surgery is associated with an increased risk of long-term renal injury that highly associated with poor
urine output.

AKl is observed in approximately 22% of patients undergoing cardiac surgery, with around 2.3%
requiring renal replacement therapy (RRT). Current diagnostic criteria based on increased serum
creatinine levels have limitations, leading to the exploration of new biomarkers. Microscopic
urinalysis, specifically the presence of renal tubular epithelial cells (RTEC) and granular casts (GC), is
being investigated as a potential biomarker to differentiate pre-renal from renal AKI. This study
aimed to evaluate the utility of urine sediment analysis in diagnosing AKI in patients undergoing
cardiac surgery with cardiopulmonary bypass. Out of 114 patients analyzed, 23 (20.17%) developed
AKl based on serum creatinine criteria, and 76 (66.67%) based on urine output criteria. Four patients
required RRT, and the mortality rate was 3.51%. The presence of RTEC and GC in the urine sample
demonstrated promising specificity for early AKI diagnosis after cardiac surgery [37].

After cardiovascular surgery, AKl is a common concern, typically diagnosed based on SCr levels
and urinary output. A study conducted among 95 patients who underwent endovascular abdominal
aortic aneurysm repair (EVAR) and 42 who underwent open repair to assess perioperative changes
in urinary liver-type fatty-acid-binding protein (L-FABP) as a predictor for AKI during abdominal aortic
repair. Urine and serum samples were collected at specific intervals for L-FABP and SCr
measurements, respectively. These findings revealed EVAR, urinary L-FABP was significantly
increased 4 h after the procedure (P =0.014). With open repair, urinary L-FABP increased significantly
to its maximum by 2 h after AXC (P = 0.007). OC analysis showed urinary L-FABP to be more sensitive
than SCr for early detection of AKI. From this study demonstrates the urinary L-FABP demonstrated
potential as a sensitive biomarker for AKl in patients undergoing this surgical procedure [38].
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3.2 Risk Factor Surgery

During surgery, urine output might decrease due to factors unrelated to kidney injury or due to
the presence of kidney injury, with or without fluid responsiveness. As a result, careful fluid
management is essential to prevent both hypovolemia and hypervolemia. A sudden rise in Scr and/or
a fall in urine output (UO) are used to make the diagnosis of AKI. Short- and long-term mortality and
morbidity are both enhanced with even modest increases in Scr (National Institute for Health and
Care Excellence, 2019). According to KDIGO, oliguria was defined as urine volume < 0.5ml/kg/hour
for six hours has been shown to associate with AKI [39] & [45]. A large prospective multicentre study
in Finland was conducted to investigate the association with oliguria and adverse outcomes among
ICU patients. Out of 454 (23.1%) patients developed AKI from 1966 assessed patients. Within this AKI
diagnosed patients, 68.7% developed AKI commenced renal replacement therapy. This study also
reported that consecutive oliguria independently associated with 90-days mortality [40]. Another
prospective study approached, combining clinical risk stratification and early postoperative
evaluation of urinary biomarkers for AKI, to identify the high-risk patients. The study included all
patients undergoing scheduled surgery with cardiopulmonary bypass between August 2015 and July
2016, except those on chronic hemodialysis. Patients were stratified based on Cleveland Clinic Score
(CCS) and Leicester Score (LS), identifying high-risk patients with LS > 25 or CCS > 6. Urinary biomarker
concentrations for AKI ([TIMP-2]*[IGFBP-7]) were evaluated four hours postoperatively in high-risk
patients. AKI occurred in 54% of patients (352 out of 613), with higher incidence in high-risk
compared to low-risk patients (66% vs. 49%; p = 0.001). In-hospital mortality was significantly higher
after AKI stage 2 (15%) or stage 3 (49%) compared to patients without AKI (1.8%; p = 0.001). LS had
modest predictive value for AKI (AUC 0.601), while CCS showed fair accuracy and predicted stage 2
or 3 AKI (AUC 0.669). In 133 high-risk patients, urinary [TIMP-2][IGFBP-7] had significant predictability
for all-stage AKI within 24 hours (AUC 0.63), but not beyond 24 hours. Sensitivity for all-stage AKI
within 24 hours was 0.38, specificity was 0.81, using a cutoff value of 0.3. This contrasts with findings
by Vaara et al.,, [40] findings. Following this study resulted CSA-AKI is a prevalent and relevant
complication following cardiac surgery. However, clinical prediction scores can identify high-risk
patients, their accuracy remains limited. Additionally, urinary [TIMP-2]*[IGFBP-7] quantification four
hours postoperatively did not significantly improve the predictive value of clinical scores, especially
for AKI cases occurring beyond the initial 24 hours. The findings from this study highlight the need
for further research and enhanced diagnostic strategies to improve the early detection and
management of CSA-AKI [41].

Identifying high-risk patients through biomarkers and implementing appropriate hemodynamic
management strategies are key components of such an approach that essential to reduce the AKI risk
and improving patient outcomes particularly in perioperative procedure [16]. Recent studies have
shown that AKI occurs in approximately 1 in 10 surgical patients, with the highest risk observed in
cardiac, orthopedic, and major abdominal surgeries. The use of cell cycle arrest biomarkers shows
promise in identifying high-risk patients who could benefit from targeted interventions
recommended by the Kidney Disease: Improving Global Outcomes guidelines. Implementing
protocol-based fluid and vasopressor administration for hemodynamic management has been shown
to reduce the incidence of AKI. Recent studies have also highlighted the benefits of personalized
blood pressure targets based on individual resting reference values, avoiding both hypovolemia and
fluid overload. Preliminary research indicates potential renoprotective effects of angiotensin Il and
nitric oxide, although further confirmation is needed. Additionally, urinary oxygenation monitoring
has shown promise as a feasible method for predicting postoperative AKI [42].
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On top of that, emergency surgeries are often performed under time constraints and in patients
with compromised health status, which can contribute to a higher risk of AKI development.
Hemodynamic instability, inadequate fluid resuscitation, and a lack of preoperative optimization are
potential factors associated with AKI in emergency surgery cases [43]. Early recognition and prompt
management of these factors are crucial in reducing the incidence of AKI in this setting. For instance,
a retrospective cohort study in Austria was conducted among 6261 patients to determine the
prevalence of AKI in postoperative ICU patients using the complete KDIGO criteria and the outcomes
associated with various surgical procedures. According to all KDIGO criteria, the primary outcome
was 28-day all-cause death in all stages of AKI. Primary effects 3497 (55.9%) postoperative ICU
patients with AKI were identified. 235 (4%) individuals got RRT, with the severity distribution of AKI
stage 1 to 3 being 19.7%, 28.4%, and 7.8%, respectively. (n = 205) The 28-day mortality rate was 3%.
When other factors were considered, the severity of the AKI was linked to a higher 28-day mortality
rate (AKI 2°: OR 2.81; 95% CI 1.55 to 5.24; p 0.001 and AKI 3°: OR 11.37; 95% CI 5.91 to 22.55; p
0.001). In multivariate analysis, there was a significantly higher risk of 28-day mortality following
emergency surgery (OR 2.63; 95% Cl 1.58 to 4.31, p = 0.001), vascular surgery (OR 2.01; 95% CI 1.06
to 3.98, p = 0.033), and orthopaedic and trauma surgery (OR 3.79; 95% Cl 1.98 to 7.09, p 0.001). This
study concludes that, within emergency surgery, type of surgery like vascular, orthopedic and trauma
were linked to a stepwise rise in 28-day mortality following KDIGO guidelines [44]

Other study done at a tertiary academic hospital to determine the occurrence of acute kidney
injury (AKI) following major non-cardiac surgery and to identify perioperative factors associated with
a higher risk of postoperative AKI. This study involved retrospective collection of perioperative data
for adult patients who underwent major non-cardiac surgery. Serum creatinine levels were recorded
up to 7 days after surgery and compared to baseline measurements to diagnose AKI. The overall
incidence of AKI was found to be 11.2% (95% confidence interval 9.8 - 12.6). After multivariate
analysis, emergency surgery was observed to be an independent risk factor for AKI (OR 1.74; 95% ClI
1.15 - 2.65; p=0.009) [45].

3.3 Drug induced AKI

Drug-induced kidney disease primarily affects patients with underlying risk factors. Patient-
specific, kidney-related, and drug-related factors can all contribute to renal injury, leading to various
clinical renal syndromes. Identifying these risk factors is essential to prevent renal complications
caused by drugs and toxins [46]. The rising occurrence of drug-induced AKI requires a thorough
comprehension of its underlying mechanisms and risk factors. Drug-induced AKI presents significant
challenges in clinical settings, impacting both patient outcomes and healthcare systems. Identifying
the risk factors related to nephrotoxic agents and AKI is crucial to prevent and reduce the impact of
this severe condition [47]. Furthermore, medications that may build up in the body due to decreased
kidney function should be avoided or adjusted, especially in patients with stage 2 or 3 AKI. This is
include Aminoglycosides (tobramycin, gentamycin), NSAIDs (ibuprofen, naproxen, ketorolac,
celecoxib), ACEi (captopril, lisinopril, benazepril, ramipril), ARB (losartan, valsartan, candesartan,
irbesartan), Analgesics (morphine, meperidine, gabapentin, pregabalin), Antiepileptics (lamotrigine),
Antivirals (acyclovir, gancyclovir, valgancyclovir), Antifungals (fluconazole), Antimicrobials (almost all
antimicrobials need dose adjustment in AKI, with important exceptions of azithromycin, ceftriaxone,
doxycycline, linezolid, moxifloxacin, nafcillin, rifampin), Diabetic agents (sulfonylureas, metformin)
and others [48].

A retrospective analysis study done by Thomas et al., to investigate the characteristics and
outcomes of Amoxillin (AMX)- induced crystal nephropathy (AICN). 101 AICN cases reported to
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national pharmacovigilance databases were analyzed. Intravenous AMX/AMX—clavulanate was
prescribed as surgical prophylaxis (32 surgical patients) or to treat infection (69 medical patients).
AKI KDIGO stage 3 was observed in 70 patients and 24/70 patients required renal replacement
therapy and/or intensive care unit admission.There was a significant increase in AICN cases was
observed since 2010 (6 [0;7] and 77 [24;111] cases per 100 000 patient-years of exposure, before and
after 2010 respectively; P <.001). In surgical patients, the increase in AICN has been reported since
2010 and was mainly related to inadequate AMX administration. This study suggested monitoring
AMX administration and identifying contributing factors could help mitigate the risk of AICN in
patients receiving high doses of AMX [49].

Another study to determine the risk factors related to AKI caused by high-dose methotrexate
(HDMTX) treatment (= 1 g/m2), was conducted on 59 patients who had received 200 HDMTX
courses.between July 2014 and August at a medical centre. Data on demographics, lab results, and
medications were collected and compared between groups with or without AKI. The findings
revealed the incidence of HDMTX-induced nephrotoxicity was 9.5%. Male sex (odds ratio [OR], 4.20;
P =0.037), the use of angiotensin-converting enzyme inhibitors (ACEls)/angiotensin receptor blockers
(ARBs), (OR, 5.18; P =0.016) and diuretics with urinary acidification (like loop diuretics) (OR, 4.91; P
=0.018) were significantly associated with AKI [50].

Finally, Zainudheen et al., [51] published a retrospective case-control study on 258 consecutive
patients of elective total knee or hip replacement surgery. The aim of this study was to compare the
incidence of intraoperative hypotension and adverse events between patients who received RAA and
those who did not. Patients receiving RAA had higher preoperative systolic blood pressure, a higher
prevalence of hypertension and chronic kidney disease, and a lower prevalence of ischaemic heart
disease and cardiac risk compared to controls. Other factors such as age, gender, type of operation,
operative fitness, mode and duration of anaesthesia, and prevalence of other cardiovascular
diseases, dyslipidaemia, and diabetes were similar between the groups. However, patients receiving
RAA had a higher incidence of intraoperative hypotension (76.0% vs 45.9%, P < 0.001), AKI (11.6% vs
1.6%, P = 0.002), and MACCE (6.2% vs 0%, P = 0.007) compared to controls, and all adverse events
were associated with intraoperative hypotension. This study provides further observational evidence
of potential harm caused by RAA in patients undergoing elective surgery however a prospective
randomized trials are suggested to determine the benefits and adverse clinical outcomes of
preoperative withdrawal of RRA.

Table3
AKI Clinical biomarkers of Surgical Patients according to the listed authors
AKI Biomarkers

Author(s) NGAL NT-proBNP  KIM-1 SrC CRP Urinary
Output
(Uo)

1 Verwijmeren et al (2021) - v - - v -

2 Yu et al (2023) - v - - - -

3 Fan et al (2023) - v - - - -

4 Zhao et al., 2021 - v - - - -

5 Vasquez-Rios et al., 2022) - - v v - -

6 Goger et al (2022) v - v - - -

7 Tan et al., 2022 v - v - - -

8 lJinetal, 2021) - - - v - -

9 Gameiro et al., 2020). - - - v v v

10 (De Guglielmo et al., 2022). - - - v -

11 Jiaetal, 2018 v - - - - -

12 Mustafayeva et al., 2022). v - - v - v
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Table 4

AKI Clinical biomarkers of Surgical Patients according to the listed authors

AKIl-risk factors

Author(s) Surgery Type of surgery Drug induced AKI Other risk factors
1. Verwijmeren et al (2021) v cardiac - Hb, magnesium
2.Yu et al (2023) v Non-cardiac - LVEF
3. Fan et al (2023) v cardiac - Soluble ST2, heart-type
fatty acid protein (H-
FABP), LDH, uric acid
4. Zhao et al., 2021 v Non-cardiac - -
5. Vasquez-Rios et al., 2022) v cardiac - -
6. Goger et al (2022) v endoscopic - -
surgery
7.Tan et al., 2022 Vv ureteroscopic - -
lithotripsy
8.lJin et al., 2021) v cardiac - Age
9. Gameiro et al (2020). v abdominal - -
10. De Guglielmo et al (2022). v vascular - Age >65 years
11. Jia et al (2018) v - - Plasma endostatin,
Cystatin C
12. Mustafayeva et al (2022) v abdominal - -
13. Marco Allinovi et al (2023) - - - Cystatin C, eGFR
14. Xu et al (2022) - - - Age
15. Ugurlu & Tercan (2023) v - - Albumin, age,
procalcitonin
16. Puckett et al (2017) v colectomy - GFR, Cystatin C
17. Joosten et al (2021) v abdominal - -
18. Goldani et al (2020) - - -
19. Grieshaber et al (2020) v cardiac - -
20. Canet & Bellomo (2018). v Cardiac, ortho, v -
major abdomen
21. Hu et al (2022) v emergency - Unstable

hemodynamically,
inadequate fluid
resuscitation
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22. Schiefer et al (2023) v Emergency, - -
vascular, trauma,
ortho
23. Rossouw & Chetty, (n.d.). v Emergency, non- - -
cardiac
24. Moore et al (2018) - - VAminolycoside, -
NSAIDs, ACE, ARB,
Analgesic
25. Thomas et al (2020) v General surgery Vantibiotic -
26. iang et al., n.d. - - V Diuretic, ACE, ARB, Male sex
27. Obata et al (2016). v EVAR - Age, PCT
28. Xu et al (2022 - - - -
29. Vaara et al (2016) v cardiac - -
30. Zainudheen et al (2017) v total knee or hip Renin-angiotensin- -
replacement antagonist

4, Discussion

AKl is a significant concern among surgical patients, as it is associated with increased morbidity
and mortality. Timely detection and risk assessment are crucial for mitigating AKl-related
complications. Early detection and risk stratification are pivotal for effective intervention and
improved patient outcomes. This overview discusses the utility of clinical biomarkers and the
identification of risk factors associated with AKI in surgical settings. Clinical biomarkers inclusive of
NT-proBNP: N-Terminal pro B-Type natriuretic peptide (NT-proBNP) serves as a valuable biomarker
for assessing heart function. It is particularly relevant in cardiac surgery, aiding in the identification
of patients at risk of cardiac surgery-associated AKI (CSA-AKI). By facilitating risk assessment and early
intervention, NT-proBNP contributes to enhanced patient management. Other than that, KIM-1:
Kidney injury molecule-1 (KIM-1) is an essential biomarker for evaluating kidney function and
predicting AKIl. Predominantly found in the kidney's proximal tubules, KIM-1 exhibits upregulation in
response to kidney injuries stemming from ischemia or toxin exposure. Significantly, KIM-1 elevation
occurs before clinical symptoms or changes in serum creatinine levels manifest, enabling early
detection of kidney injury. Various studies have corroborated KIM-1's ability to predict AKI across
diverse clinical scenarios, underscoring its critical role in timely intervention and damage prevention.

SCr remains a cornerstone biomarker in the diagnosis and monitoring of AKI. Established
diagnostic criteria, such as those outlined in the Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines, rely on SCr measurements. SCr closely correlates with glomerular filtration rate, a pivotal
indicator of kidney function. Notably, elevated SCr levels signify compromised kidney function,
serving as an early indicator of kidney dysfunction. While SCr possesses several limitations, including
delayed responsiveness to acute changes in kidney function, it continues to be integral to AKI
evaluation.

Monitoring urine output is fundamental in assessing kidney function, as alterations in UO offer
early indications of kidney dysfunction. Early AKI detection is vital for timely intervention and
improved patient outcomes. Urine output evaluation, complemented by other biomarkers and
clinical data, provides valuable insights into the underlying causes of AKIl. However, it is essential to
recognize that changes in UO can stem from factors unrelated to kidney dysfunction, such as diuretic
use or excessive fluid intake. Thus, it is considered alongside other clinical parameters for a
comprehensive kidney function assessment.
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The nature of the surgical procedure significantly influences the risk of AKI. Emergency surgeries,
characterized by hemodynamic instability, inadequate fluid resuscitation, and a lack of preoperative
optimization, carry a heightened risk of AKI development. Understanding the surgical type is crucial
for identifying high-risk patients and tailoring interventions accordingly.

Several medications possess nephrotoxic potential and can induce or exacerbate AKI.
Aminoglycosides, NSAIDs, ACE inhibitors, ARBs, and others fall into this category. Managing these
medications, particularly in patients with compromised kidney function, is imperative. Recognizing
contributing factors and considering medication adjustments in at-risk patients are vital steps in
mitigating drug-induced AKI. Recent studies have underscored the risks associated with specific
medications, emphasizing the need for vigilant medication management in clinical practice.

Clinical biomarkers, in conjunction with an understanding of patient-specific factors and surgical
risk factors, play an indispensable role in the early detection, risk assessment, and management of
AKI among surgical patients. These biomarkers, such as NT-proBNP, KIM-1, SCr, and UO, offer
valuable insights into kidney function and injury. Additionally, identifying risk factors related to
surgical procedures and medications is pivotal for patient safety and tailored intervention strategies.
By leveraging these tools and insights, healthcare providers can enhance patient care, reduce the
burden of AKl-related complications, and ultimately improve surgical outcomes. Further research in
this field holds the potential to refine risk prediction models and intervention strategies, advancing
the management of AKI in surgical settings.

5. Conclusions

The conclusion drawn from the review is that AKI in surgical patients is a complex and
multifactorial condition influenced by various risk factors. Risk factors such as drug induced-AKI, low
urine output, and the type of surgery performed were identified as significant contributors to AKI
risk. Additionally, certain clinical biomarkers, including NGAL, NT-proBNP, KIM-1 and CRP, emerged
as promising indicators for early detection and prediction of AKI. These findings emphasize the
importance of closely monitoring high-risk patients and utilizing clinical biomarkers to identify and
manage AKI in the perioperative period effectively. Implementing preventive strategies and early
intervention based on identified risk factors and biomarkers may lead to improved patient outcomes
and reduced morbidity associated with AKI in surgical patients. However, further research and
validation of these findings are warranted to enhance our understanding of AKI and optimize patient
care in surgical setting.
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