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Abstract:

Background: AKI is a ‘frequent and serious complication in critically ill septic patients in an ICU setting. Progress
in the field of critical care has been unable to diminish the association noted between sepsis-associated AKI and
prolonged length of stay, morbidity, and mortality.

Aim: Assess the incidence, risk factors, and clinical implications of AKI in septic critically ill patients in the ICU,
using the KDIGO classification.

Methods: This retrospective observational study was conducted at the Department of Internal Medicine at Gouri
Devi Institute of Medical Sciences and Hospital, Durgapur, West Bengal. The study population included 70 adults
who were admitted to the ICU with sepsis, based on the Sepsis-3 definitions, and were reviewed for clinical
features, comorbidities, laboratory parameters, and outcomes. Acute kidney injury (AKI) was diagnosed and
staged according to KDIGO guidelines. Disease severity was determined using the APACHE II score.

Results: Of the 70 septic patients, 62.9% were male, and most patients were aged between 41 and 60 years old
(42.9%). The most prevalent comorbidities included hypertension (42.9%) and diabetes (40%). The most common
source of sepsis was respiratory infections (40%). AKI occurred in 60% of patients Stage 1 (25.7%), Stage 2
(20%), and Stage 3 (14.3%). Of the AKI cases, 23.8% required renal replacement therapy. Complete renal
recovery was achieved in 47.6%, partial in 19%, and 9.5% had no recovery or died. The mean APACHE II score
was 21.6 £+ 6.4, and the mean ICU stay was 8.5 + 3.2 days.

Conclusion: Sepsis-related acute kidney injury (AKI) is common and has significant consequences on outcomes
for patients in the intensive care unit (ICU). Early identification, hemodynamic optimization, and timely initiation
of renal support are essential for improving prognosis.
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Introduction

Due to the use of a number of definitions and diag-
nostic criteria, there has been unnecessary confusion
and heterogeneity among the clinical and research
communities about the diagnosis of acute kidney in-
jury (AKI). AKI is a relatively new term that re-
places the former term acute renal failure who is an
acute loss of renal function occurring over hours to
days. Without a standardized diagnosis, it became
impossible to make comparisons between studies,
measure outcomes, or make treatment protocols [1].
To try to tesolve this, the Acute Dialysis Quality In-
itiative (ADQI) group devised the RIFLE classifica-
tion system, which is an important step for standard-
ization of the diagnosis and assigning severity of
acute kidney injury.

The RIFLE criteria, which consist of Risk, Injury,
Failure, Loss of function, and End-stage kidney dis-
ease. The RIFLE criteria represent a classification of
AKI characterized by alterations in serum creatinine
(Scr) and glomerular function rate (GFR) as well as
urine output. This classification aided in identifying

the continuum of renal dysfunction, from mild im-
pairment to complete kidney failure, that a clinician
will see [2]. Furthermore, the RIFLE classification
has demonstrated good correlation with clinical out-
comes-mortality and morbidity during hospitaliza-
tion-in multiple studies, thereby confirming its prog-
nostic legitimacy in different populations of pa-
tients.

Over time, it became evident with clinical experi-
ence that the RIFLE criteria had some inherent lim-
itations beginning with, perhaps the largest impetus
for change, reference creatinine, which is not often
available, or reliable in acutely ill patients. Further-
more, subtle but clinically significant increases in
serum creatinine may be missed, ultimately resulting
in an underestimation of early or mild AKI. To in-
crease clinical applicability and improve diagnostic
accuracy, the Acute Kidney Injury Network (AKIN)
developed a neutering staging system in the summer
of 2007. The AKIN system was built upon the RI-
FLE criteria but incorporated some specific
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modifications as to how a patient was classified as
having AKI [3].

In the updated AKIN classification, AKI was recast
as an abrupt (over 48 hours) decrease in kidney func-
tion resulting in an absolute increase in serum creat-
inine of 0.3 mg/dl (26.4 pmol/L), a relative increase
of at least 50% from baseline (1.5-fold), or a de-
crease in urine output to <0.5 ml/kg/h for >6 hours.
This definition, especially the new emphasis on
small increases in serum creatinine, was supported
by relationship with higher mortality and adverse
outcomes [4]. Unlike RIFLE, the AKIN classifica-
tion required at least two serum creatinine values to
be obtained within the 48-hour assessment time
frame that relieved some of the reliance on clini-
cians' imprecise estimating of baseline values.

"Another significant distinction is the mapping of
stages between the two systems. In the AKIN model,
"Risk" corresponds to Stage 1, "Injury” to Stage 2,
and "Failure" to Stage 3. It is important to note that
Stage 3 includes all patients who require renal re-
placement therapy, regardless of serum creatinine
level or urine output at the initiation of RRT [5]. The
class "Loss," which appears in the RIFLE classifica-
tion as well as "End-stage kidney disease" are ex-
cluded because they only represent chronic and not
acute kidney injury."

This also improved sensitivity and specificity for di-
agnosing AKI. The recognition of the fact that
changes in creatinine reflecting damage to a struc-
ture in the kidney, even small changes, can signify
meaningful stress to the kidneys; thus, it was critical
to get in front of the diagnosis and act. Moreover,
the AKIN system also allows for standardization of
criteria which will result in better data comparison
across studies, allowing for collaborative, evidence-
based management initiatives in AKI with this vari-
ability in initiation of RRT for clinical decision mak-
ing, availability of resources, and overall regional
benefits to the patients involved. [6].

In a clinical environment, AKIN classification is
particularly beneficial to critically ill and septic pa-
tients with AKI as this is a common and severe dis-
order. Sepsis-related AKI is a unique disorder with
an identifiable pathophysiological basis related to
inflammatory, hemodynamic and microcirculatory
derangements that lead to kidney dysfunction [7].
The presence of AKI in sepsis increases the likeli-
hood of multi-organ dysfunction and mortality and
‘therefore, is an important clinical disorder to iden-
tify early within clinical care.

In this study, we aimed to evaluate septic AKI clin-
ical aspects through the AKIN classification and to
evaluate its effectiveness in predicting in-hospital
mortality in a cohort with a sepsis diagnosis. This
approach is a clinically relevant model to assess the
severity of illness, as well as estimate and predict
outcomes in a population where AKI is frequently a
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prognostic determinant. In a recent review of the lit-
erature, it was noted that AKI occurs in 20-50% of
patients with sepsis, with mortality of severe AKI
often greater than 50% [8]. For this reason, a stand-
ardized classification system like AKIN can be ben-
eficial not only in assisting clinicians in risk stratifi-
cation but potentially impact therapy to follow.

In summary, the progression from RIFLE to AKIN
was a significant step forward in our knowledge of
and classification of acute kidney injury. The
changes made in the AKIN criteria specifically, the
addition of smaller creatinine increases, and a
shorter time frame for diagnosis, increases the iden-
tification of subclinical renal injury and enhances
prognostic capability. In the setting of sepsis-related
AKI, this classification has an important role for
both clinicians and researchers in improving early
identification, uniformity of reporting, as well as
management, of a condition that continues to be a
major issue in critical care medicine.

Methodology

Study Design: This was a retrospective observa-
tional study performed in the Department of Internal
Medicine, Gouri Devi Institute of Medical Sciences
and Hospital, Durgapur, West Bengal, India for one
year. The study aimed to evaluate the occurrence,
risk factors, and outcomes of acute kidney injury
(AKI) in patients with sepsis who were admitted to
the Intensive Care Unit (ICU).

Study Area: The research was conducted in the In-
tensive Care Unit (ICU) of Gouri Devi Institute of
Medical Sciences and Hospital, West Bengal, India

Study Participants
Inclusion Criteria

e Adults (=18 years) admitted to the intensive
care unit (ICU) with a clinical diagnosis of sep-
sis using Sepsis-3 criteria.

e Patients with medical records containing com-
plete clinical, biochemical, and renal function
data.

e Patients who had been admitted for at least 48
hours have appropriate scrutiny of trends in kid-
ney function.

Exclusion Criteria

e Patients with pre-existing chronic kidney dis-
ease (CKD) on maintenance dialysis.

e Post-renal causes of acute kidney injury (e.g.,
obstructive uropathy).

e Renal transplant recipients.

e Patients with incomplete records or missing la-
boratory data.

Sample Size: The study sample included 70 pa-
tients.
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Procedure: In this retrospective study, all patients
with a diagnosis of sepsis admitted to ‘the ICU dur-
ing the study duration were included. Data was gath-
ered from patient medical records, ICU charts, and
laboratory databases. We recorded demographic
variables, comorbidities, hemodynamic parameters,
laboratory results and treatment variables including
use of vasopressors, mechanical ventilation, and
length of stay in the ICU. Sepsis was classified using
the criteria from Sepsis-3, and the patients were fur-
ther categorized into sepsis, severe sepsis, and septic
shock based on clinical and laboratory parameters.

AKI was diagnosed and staged using KDIGO Cerite-
ria, which includes serum creatinine change and
urine output. Serum creatinine was assessed daily,
and hourly urine output was collected during ICU
admission. The APACHE 1I score was calculated
based on the most deranged values during the first
24 hours of ICU admission to assess severity of ill-
ness. All patients were fluid resuscitated and hemo-
dynamically stabilized before AKI diagnosis. Out-
come measures included need for renal replacement
therapy (RRT), length of ICU stay and mortality.
Renal recovery was defined as complete or partial
recovery based on serum creatinine normalization
and dialysis dependence at discharge.
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Statistical Analysis: Data was entered and analyzed
using SPSS version 27. Descriptive statistics were
calculated to summarize baseline characteristics.
Continuous variables were presented as mean +
standard deviation (SD) or median (interquartile
range) as appropriate, and categorical variables as
percentages.

Result

Table 1 depicts the baseline demographic and clini-
cal features of the 70 patients in the study. Most pa-
tients (42.9%) were aged 41-60 years; the second
highest was greater than 60 years (35.7%) and 18-40
years was lowest (21.4%). There was a greater per-
centage of males (62.9%) in the study compared to
females (37.1%). The most common comorbidities
were hypertension (42.9%) and diabetes mellitus
(40.0%), while chronic liver disease (14.3%) and the
most common, COPD (8.6%), was less common;
17.1% of patients had no comorbidities. The princi-
pal source of sepsis were respiratory infections
(40%), followed by abdominal (25.7%) and urinary
tract infections (17.1%). The remaining cases,
11.4%, were soft tissue infections, while the remain-
ing 5.7% included central nervous system and cath-
eter infections.

Table 1: Study Population's Baseline Clinical and Demographic Features (n = 70)
Parameter Number of Patients (n) Percentage (%)
Age Group (years)

1840 15 21.4
41-60 30 42.9
>60 25 35.7
Gender

Male 44 62.9
Female 26 37.1
Comorbidities

Diabetes Mellitus 28 40
Hypertension 30 42.9
Chronic Liver Disease 10 14.3
COPD 6 8.6
No Comorbidity 12 17.1
Type of Infection

Respiratory 28 40
Abdominal 18 25.7
Urinary Tract 12 17.1
Soft Tissue 8 11.4
Others (e.g., CNS, catheter-related) 4 5.7

Table 2 shows the distribution of sepsis severity and
important ICU clinical parameters for the population
of 70 patients. Of the entire population, 37.1% had
sepsis, while 31.4% were considered severely septic
and 31.4% were classified as septic shock. This in-
dicates a high proportion of overall patients with ad-
vanced stages of disease. Vasopressor support was
needed in a little over half of patients (57.1%), while
mechanical ventilation was needed in approximately
half of our population (45.7%) indicative of the

degree of hemodynamic instability and respiratory
insufficiency in this cohort. The mean APACHE 11
score was 21.6 = 6.4 which is representative of a
moderately high severity of illness and risk of mor-
tality. The average ICU length of stay was 8.5 +3.2
days which Trepresents a longer than normal hospi-
talization due to sepsis-related complications. Over-
all, the data indicate there is a considerable burden
of critical illness in patients with septic illness and a
substantial need for organ support interventions.
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Table 2: Severity of Sepsis and ICU Clinical Parameters (n = 70)
Parameter Number of Patients (n) Percentage (%)
Sepsis Category
Sepsis 26 37.1
Severe Sepsis 22 314
Septic Shock 22 314
Vasopressor Use 40 57.1
Mechanical Ventilation Required 32 45.7
Mean APACHE II Score (£SD) 21.6+6.4 —
Mean ICU Stay (days) 85+3.2 —

Table 3 shows the occurrence and classification of
AKI (acute kidney injury) among septic patients ad-
mitted to the ICU according to KDIGO definitions.
There were 70 patients in total and 42 (60%) patients
who developed AKI and 28 (40%) patients who did
not develop AKI. In the AKI group, Stage 1 was the
most common AKI stage (18 patients or 25.7%), fol-
lowed by Stage 2 (14 patients or 20%) and Stage 3
(10 patients or 14.3%). This demonstrates that most

patients delineated to the AKI group fell within
mild-moderate (Stages 1 and 2) AKI level classifi-
cation and fewer patients fell into severe AKI stage
(Stage 3) and required renal replacement therapy. To
summarize, the data shows a substantial incidence of
AKI in septic patients in ICU as well as the need for
early recognition and management of AKI to at-
tempt to prevent further worsening to stage 3 AKI.

Table 3: Incidence and Staging of Acute Kidney Injury (as per KDIGO Criteria)
AKI Stage Serum Creatinine Criteria Number of Patients (n) | Percentage (%)
Stage 1 1.5-1.9x baseline or >0.3 mg/dL in- | 18 25.7
crease

Stage 2 2.0-2.9% baseline 14 20

Stage 3 >3.0x baseline or initiation of RRT 10 14.3

Total AKI Cases | — 42 60

No AKI — 28 40

Table 4 illustrates the renal outcomes of 42 patients
who were diagnosed with acute kidney injury (AKI).
Renal replacement therapy (RRT) was administered
to ten patients (23.8%) indicating a considerable
number of patients with significant ‘renal dysfunc-
tion. There was total recovery of renal function in 20
patients (47.6%), and 8 patients (19%) had partial

recovery indicating persistent renal dysfunction.
Four patients (9.5%) had no recovery or died from
AKI, indicating the possibly fatal nature of AKI
when it is severe. The mean duration of AKI was 6.3
+ 2.8 days, which reflects a short but clinically sig-
nificant duration of renal injury in a critically ill pop-
ulation.

Table 4: Renal Outcomes Among AKI Patients (n = 42)
QOutcome Number of Patients (n) Percentage (%)
Required Renal Replacement Therapy (RRT) 10 23.8
Complete Renal Recovery 20 47.6
Partial Recovery 8 19
No Recovery / Death with AKI 4 9.5
Mean Duration of AKI (days) 6.3 £2.8 —

Discussion

In the current research, most sepsis patients who en-
tered the ICU were middle-aged to elderly, mainly
ranging from 41-60 years (42.9%) and over 60 years
(35.7%). This age presentation is unsurprising, as
older age increases the risk for not only sepsis, but
also acute kidney injury (AKI) possibly due to re-
duced physiological reserve and higher probability
of comorbidities. Contrary to most prior studies,
which often report equal or nearly equal prevalence
rates, we identified a significant male proportion
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(62.9%) in the population studied, supporting the
previous reports, which have reported a male pre-
dominance for reported sepsis and AKI due to higher
infection, comorbid disease exposure, and lifestyle-
related risk factors. Hypertension (42.9%) and dia-
betes mellitus (40%) were the other comorbidities in
the sepsis population, supporting the role of chronic
vascular and metabolic disease in predisposing peo-
ple to sepsis-associated organ dysfunction and renal
injury. Pannu et al., 2013 [9] identified a lower po-
tential risk for unfavorable renal outcomes, or mor-
tality, in community- and hospital-based cohorts
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who were categorized as having renal recovery dur-
ing AKI, defined as returning to within 25% of base-
line serum creatinine (SCr) levels.

In the present research, respiratory infections repre-
sented the primary source of sepsis (40.0%), fol-
lowed abdominal and urinary infections, which are
consistent with extensive epidemiological studies
globally that reported respiratory tract infections as
the most common source of sepsis, particularly in
the ICU setting. The predominance of respiratory in-
fections may be due to pneumonia and ventilator-as-
sociated infections in critically ill patients. Ab-
dominal infections and urinary infections, although
less frequent, were identified as relevant sources of
sepsis due to potential direct systemic inflammation
and multiorgan failure with rapid time management.
The range of the different sources of infection high-
lights the importance of identifying sources of infec-
tion and early antimicrobial treatment to prevent
complications, such as AKI. Omotoso et al., (2016)
[10] found that in a study of hospitalized AKI pa-
tients, renal recovery was also strongly linked to a
decreased risk for cardiovascular events.

In terms of illness severity, a considerable number
of patients in this study were diagnosed with ad-
vanced stages of sepsis, 31.4% each with severe sep-
sis and septic shock. Most of these patients needed
vasopressor support (57.1%), and nearly half
(45.7%) needed mechanical ventilation, illustrating
a heavy burden of both hemodynamic instability and
respiratory failure. An average APACHE II score of
21.6 (+6.4) suggests a moderate severity of disease,
consistent with proxies established from previous
cohorts of sepsis patients in the intensive care unit
(ICU). An average length of stay of 8.5 days in the
ICU provides additional confirmation of the ex-
tended treatments and consumption of resources as-
sociated with the treatment of sepsis. Together, these
findings characterize the impact of morbid sepsis at
the level of multiple organ systems in the body and
emphasize the need for early recognition, ideal re-
suscitation, and organ support to reduce mortality.
Lopes et al., (2018) [11] reported long-term follow-
up for acute kidney injury (AKI) for 234 septic pa-
tients. The analysis determined AKI was an inde-
pendent predictor of death at 2 years, differentiated
by the RIFLE criteria.

In this study, AKI occurred in 60% of septic ICU
patients, which is consistent with previously estab-
lished range of 40-70% in critically ill patient popu-
lations. Among patients with AKI, Stage 1 (25.7%)
or Stage 2 (20%) AKI were more common than a
patient who progressed to Stage 3 AKI with renal
replacement therapy (14.3%). While these data sug-
gest that the early or mild stages of AKI are more
common, there remains a subset of patients who still
progress to severe renal failure. The high frequency
of AKI can be attributed to evidence of combined
hemodynamic instability, nephrotoxic medications,
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systemic inflammation, and microcirculatory dys-
function that can occur in sepsis. The findings sup-
port the potential for clinical use of KDIGO frame-
work to effectively characterize AKI severity while
assisting in the direction of therapeutic interventions
in a timely manner that have the potential to limit
irreversible renal injury. Rubin et al., (2019) [12]
demonstrated an elevated risk of chronic kidney dis-
ease development in 232 critically sick patients.

The renal outcomes of this study indicated that
nearly half of AKI patients had complete recovery
(47.6%), 19% had partial recovery, and 9.5% had no
recovery and died from complications related to
AKI. These findings are like previously published
series that reported variable rates of renal recovery
from septic AKI that were affected by age, comor-
bidities, source of infection, and severity of illness.
A mean (6.3 + 2.8 days) often signifies that in many
cases, the insult was rather brief, possibly because
these were identified early, as they were able to man-
age some of the support. Peri-mortality in patients
who do not recover signifies that AKI is a major con-
tributing factor for a poor prognosis in sepsis. This
‘reinforces the need for kidney protective strategies,
effective hemodynamic management, and avoidance
of nephrotoxins in the treatment. In follow-up study
of 2208 patients with septic shock, Kim et al., (2018)
[13] found AKI was associated with mortality, but
not with the development of CKD.

This research ultimately illustrates the burden of
AKI in ICU patients with sepsis. The high burden of
co-morbid conditions, high rates of severe sepsis or
septic shock, and overall burden of organ support il-
lustrates the complexity of caring for patients of this
nature. Identification of those at risk through clinical
or biomarker scores and consistent hemo-dynamic
and renal monitoring should be emphasized ahead of
time to improve outcomes. Future studies should be
undertaken with larger cohorts and longer follow-up
periods to ascertain the long-term renal outcomes of
targeted interventions in patients with sepsis-related
AKI, and in similar circumstances.

Conclusion

Overall, this study provides evidence supporting the
role of MRI in early detection and prognosis in mul-
tiple sclerosis. The finding of periventricular and
juxtacortical lesions, gadolinium enhancing lesions,
as well as multiple T2 lesions, were all intuitively
associated with likelihood of future progression in
the disease process, or clinically conversion to MS.
The ability to use MRI findings to detect early de-
myelinating changes to be able to prognosticate fu-
ture disease activity, as well as support our therapeu-
tic decision making, has been emphasized in these
findings. The potential frequent use of MRI for on-
going monitoring has significant advantage for not
only disease monitoring but also indicates dissemi-
nation in terms of time, which aids in clinical
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diagnosis. In summary, the overall evidence for the
role of MRI in diagnosis and monitoring of sus-
pected multiple sclerosis is substantiated, and the
degree of accuracy delineated, adds to the overall
diagnostic process, supports earlier diagnosis, ongo-
ing monitoring, and characterizes the possible clini-
cally likely outcomes for patients with multiple scle-
Tosis.
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