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second leading cause of  death worldwide.[1] Epidemiological 
studies are based on community or hospital studies, and 
the nature of  data collection such as retrospective chart 
review, discharge diagnoses, diagnosis in death certificates, 
or prospective observational studies gives different figures. 
A robust epidemiological study methodology should be 
prospective in nature conducted over a prolonged period 
and should include heterogeneous case mix representative 
of  the disease, thus allowing scope for generalizing the 
observed data. Epidemiological data on sepsis come 
mostly from western literature.[1-6] Data from India are 
sparse and in the form of  epidemiology of  infection 

INTRODUCTION

Sepsis occurs in 1%–2% of  all hospitalized patients and 
sepsis is a major cause of  morbidity and mortality and the 
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Abstract
Background: Sepsis following surgery or trauma remains one of the leading causes of morbidity and mortality in hospital 
populations, especially in populations in intensive care units (ICUs). The key to successful control of sepsis-associated infections 
is early prediction and rapid treatment of the disease. Standard clinical and laboratory parameter testing estimate the levels of 
expression of interleukin-1 β (IL-1 β), IL-6, IL-8, and IL-10, tumor necrosis factor-α, FasL (Fas ligand is a type-II transmembrane 
protein), and CCL2 (C-C Motif Chemokines Ligand 2) mRNA and growth differentiation factor-15. These are a few measured 
by real- time reverse transcriptase polymerase chain reaction.

Aim of the Study: In this study, evaluation of the urinary albumin/creatinine ratio (ACR) was used as a prognostic predictor 
in critically ill sepsis patients.

Materials and Methods: In a prospective observational study, 365 adult critically septic patients were included. After clinical 
evaluation, urine spot samples were collected on admission and 24 h later for ACR1 and ACR2. Admission Acute Physiology 
and Chronic Health Evaluation (APACHE) IV score and the highest recorded Sepsis-related Organ Failure Assessment (SOFA) 
score of their daily estimation were considered. The need for mechanical ventilation was assessed in addition to inotropic and/
or vasoactive support, renal replacement therapy (RRT), and in-hospital mortality.

Observations and Results: A total of 365 patients who were critically ill with sepsis were initially recruited to this study. The 
patients included in this study were aged between 28 and 87 with a mean age of 62.37 ± 9.15 years. There were 235 (64.38%) 
males and 130 females (35.61%). The highest SOFA score was 7.4 (4.0–14.0) ranging from 1 to 17 and APACHE IV score 
recorded within the first 24 h of ICU admission was 76.8 (58.8–98.0) ranging from 46 to 118. Of 365 patients, 191 (52.32%) 
required ventilator support, 201 (55.06%) needed inotropic and/or vasoactive support to maintain hemodynamics, and 71 
(19.45%) needed RRT. The mean length of hospital stay in the present study was 17.65 ± 8.60 days.

Conclusions: Evaluating the urinary ACR values regularly in all critically ill sepsis patients was a simple, rapid, non-invasive, 
inexpensive, easy to perform, and interpret test for early prognosis and prediction of mortality.
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(both community and hospital acquired) rather than 
sepsis which is a host response to infection.[7-10] Moreover, 
literature and surveys conducted in India concentrate on 
the microbiological profile, resistance pattern, antibiotic 
usage, and outcome rather than sepsis epidemiology. In 
the United States, sepsis causes more than 200,000 deaths 
each year.[2] Sepsis is characterized by a severe host defense 
response that involves triggering of  potent inflammatory 
cascades which release a plethora of  pro-inflammatory and 
anti-inflammatory molecules into the circulation.[11] The 
endothelial dysfunction is a milestone in sepsis pathogenesis. 
An early feature of  sepsis is the loss of  endothelial barrier 
integrity, leading to systemic capillary leak.[12] This enhanced 
capillary permeability causes increased glomerular excretion 
of  albumin in the urine.[13] Microalbuminuria has been 
accordingly seen by several studies to occur early after 
severe inflammatory process and to persist in more severe 
cases.[14-17] Early prediction of  mortality among critically ill 
sepsis patients and early institution of  intensive therapy are 
of  paramount importance. Various ICUs scoring systems 
such as the APACHE II, APACHE IV, and Simplified 
Acute Physiology II scores to predict mortality are in 
current use. These scoring systems require a large number 
of  variables derived from the patient’s history, examination, 
and initial laboratory data. Microalbuminuria was shown to 
be promising as a predictor of  organ failure, vasopressors 
requirement, and mortality prediction. It was shown to be 
even better than APACHE II and SOFA scores in some 
studies.[18-20] In the present study, an attempt was made to 
evaluate the prognostic value of  urinary ACR in patients 
with sepsis and to compare this prognostic value with the 
APACHE IV and SOFA scoring systems.

Type of Study
This was a prospective, cross-sectional, and observational 
and analytical study.

Institute of Study
This study was conducted at Kannur Medical College, 
Anjarakandy, Kannur, Kerala, India.

Period of Study
The study duration was from May 2017 to April 2019.

MATERIALS AND METHODS

In this prospective observational and analytical study, 
365 critically ill patients with sepsis who were admitted 
to surgical/medical ICUs were included. Kannur Medical 
College Hospital was a 750-bed tertiary care hospital 
attaché to a teaching institute. An ethical committee 
clearance was obtained before the commencement of  the 
study. An ethical committee approved consent form signed 

by the patient or his/her attendant was obtained before 
collecting the data.

Inclusion Criteria
1.	 Patients with diagnosis of  sepsis syndrome with the 

presence of  systemic inflammatory response syndrome 
based on the diagnostic criteria of  1992 ACCP[21] were 
included

2.	 Patients with[22] Society of  Critical Care Medicine 
criteria with its update in 2001 “International Sepsis 
Definition Conference,” exhibiting two or more of  
the following signs: (1) Temperature of  >38°C or 90 
beats/min, (3) respiratory rate of  >20 breaths/min 
or hyperventilation with a PaCO2 of  12,000 lL1, or 
10% immature cells were included. The presence of  
infection was defined according to the clinical and 
microbiological criteria of  the Centers for Disease 
Control and Prevention definitions[23] and was held as 
a gold standard.

Exclusion Criteria
1. Patients aged <18-year-old, patients with anuria or 
hematuria, patients with preexisting chronic kidney 
disease, patients with diabetes mellitus, patients with 
proteinuria due to renal or post-renal causes, patients 
with urinary tract infection, and patients with ICU length 
of  stay (LOS) <24 h were excluded. All the patients were 
examined and determined by two independent experts 
who examined the patients daily for the first 48 h of  
admission. All the patients included in the study were 
subjected for clinical evaluation including history, physical 
examination, routine laboratory investigations (capillary 
blood glucose, coagulation profile, arterial blood gases, 
liver function tests, kidney function tests, random blood 
sugar, and serum electrolytes), and cultures from suspected 
sources of  infection including sputum and urine. For all 
the patients at least two blood cultures obtained from 
different venipunctures were obtained before antibiotic 
administration. APACHE IV score was calculated in an 
integer score form that is web-based computed by applying 
worst values of  the measurements observed during 24 h 
following ICU admission, with a maximum score of  286. 
Other parameters of  disease severity that were studied 
included need for mechanical ventilation, need for inotropic 
and/or vasoactive support, and need for RRT. Outcome 
was evaluated by ICU-LOS and the in-hospital mortality. 
Urinary ACR urine spot samples were collected at the 
time of  ICU admission for ACR1 and 24 h following ICU 
admission for ACR2. Urinary microalbumin was measured 
by the immunoturbidimetric method and urinary creatinine 
by modified kinetic Jaffe reaction (Dimension RxL Max, 
Dade Behring Inc., U. S. A.). A trend of  microalbuminuria 
was assessed as the change from ACR1 to ACR2. The 
difference between those values represents the delta ACR 
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(D ACR) and is calculated as D ACR = ACR2 ACR1. 
When D ACR is negative, it is defined as decreasing ACR 
and when it is positive, it is defined as increasing ACR. 
SOFA score was calculated in all the patients right from 
the admission to the time of  discharge or demise. All the 
data were analyzed using standard statistical methods.

OBSERVATIONS AND RESULTS

A total of  365 patients who were critically ill with sepsis 
were initially recruited to this study. The patients included 
in this study were aged between 28 and 87 with a mean age 
of  62.37 ± 9.15 years. There were 235 (64.38%) males and 
130 females (35.61%). Table 1 shows the various causes 
and sources of  infection in the present study subjects. 
The highest SOFA score was 7.4 (4.0–14.0) ranging from 
1 to 17 and APACHE IV score recorded within the first 
24 h of  ICU admission was 76.8 (58.8–98.0) ranging 
from 46 to 118. Of  365 patients, 191 (52.32%) required 
ventilator support, 201 (55.06%) needed inotropic and/
or vasoactive support to maintain hemodynamics, and 
71 (19.45%) needed RRT. The mean length of  hospital 
stay in the present study was 17.65 ± 8.60 days. One 
hundred and thirty-seven (37.53%) patients died and the 
remaining survived their ICU course (Figure 1). ACR 
measurements: ACR measured on admission (ACR1) was 
116.7 (79.1–153.9) with a range from 27 to 221 mg/g and 
the 24 h ACR (ACR2) was 138.3 (65.2–193.2) ranging from 
23 to 245 mg/g. The ACR was decreased in 160 patients 

(43.83%) by 31 (24.1–38.9) mg/g and it was increased in 
205 (56.16%) by 36.7 (25.7–58.95) mg/g. ACR in relation to 
disease severity, the ACR1 was not significantly correlated 
with SOFA (r = 0.216, P = 0.143) or APACHE IV (r = 
0.178, P = 0.301) scores while the ACR2 was positively 
correlated with SOFA score (r = 0.315, P = 0.023) but 
not with APACHE IV score (r = 0.277, P = 0.076), (p 
significant at < 0.05). The SOFA score was significantly 
higher in patients with increased ACR trend 13 (4.15–15.35) 
than in patients with stationary or declining trend 5.2 (3–8) 
(P = 0.01). Meanwhile, there was no significant difference 
in APACHE IV between patients with increased ACR trend 
89.15 (57.7–99.03) and those with stationary or declining 
ACR trend 64 (53–81) (P = 0.201). The ACR1 was not 
statistically different in patients who needed and those who 
did not need mechanical ventilation; 113.8 (96.25–184.14) 
versus 83.40 (71.8–140.70), respectively (P = 0.09), while 
ACR2 was significantly higher in patients who required 
mechanical ventilation compared to those who did not 
need 137.40 (122.80–201.3) versus 64.05 (46.03–171.15).

Considering the change in ACR, it was observed in this 
study that the increase in ACR was a predictor of  the 
need of  mechanical ventilation. Of  the 205 patients 
with increased ACR, 155 (75.60%) needed mechanical 
ventilation while 50 (24.39%) did not (P = 0.010). A similar 
relation was found between ACR1 and ACR2 and the need 
of  inotropic and/or vasoactive support. ACR1 was not 
significantly different in patients who needed and those 
who did not need inotropic and/or vasoactive support 
(112.65 [96.3–200.80] vs. 98.5 [72.0–135.6], respectively, 
P = 0.040) while ACR2 was significantly higher in patients 
who needed inotropic and/or vasoactive support compared 
to those who did not need (151.15 [125.85–218.2] vs. 73.3 
[51.7–159.5], respectively, P = 0.018). Considering the 
change in ACR, we found that the increase in ACR was a 
predictor of  need of  inotropic and/or vasoactive support. 
Of  the 205 patients with increased ACR, 136 patients 
(66.34%) needed inotropic and/or vasoactive support 
while 69 patients (33.65%) did not (P = 0.015). Neither 
ACR1 nor ACR2 was significantly related to the need for 
RRT in this study. ACR1 was 111.05 (96.4–140.70) versus 
113.2 (83.09–171.60) for those who needed and did not 
need RRT, respectively, P = 0.712 and ACR2 was 137.40 
(121.3–163.8) versus 133.05 (55.24–193.0), P = 0.431. 
Even the increase in ACR overtime was not significantly 
associated with the need for RRT. Of  the 205 patients with 
increased ACR, 56 patients (27.31%) needed RRT while 
149 patients (72.68%) did not (P = 0.340).

ACR and Outcome
The ACR1 and ACR2 revealed significantly positive 
correlation with ICU-LOS (r = 0.5, P = 0.007 for ACR1 
and r = 0.4, P = 0.05 for ACR2). Both ACR1 and ACR2 

Figure 1: The mortality rate in the study (Blue: 37.53, Pink: 
62.46%)

Table 1: The different sources of infection in the 
study group (n=365)
Source of sepsis n (%)
Chest infection 220 (60.27)
Peritonitis 072 (19.72)
Infected bed sores 027 (07.39)
Wound infection 046 (12.60)
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were a significant predictor for mortality in our patients’ 
population. ACR1 and ACR2 were 120.83 (101.3–184.31) 
mg/g and 191.0 (136.4–216.8) mg/g in non-survivors 
compared to 90.8 (72.3–128.4) mg/g and 69.1 (49.3–132.5) 
mg/g for survivors (P = 0.009 and <0.001 for ACR1 and 
ACR2, respectively).

DISCUSSION

Sepsis is not only a great health problem but also an 
important socioeconomic challenge worldwide. It 
lowers patients’ living quality and increases the mortality 
significantly.[1] Identification of  sepsis, its prognosis, and 
outcome prediction are of  paramount importance in 
medical practice. At present, available tools for prediction 
of  prognosis in ICU are the APACHE scores,[24] 
which predict mortality, and the SOFA score,[25] which 
predicts morbidity. These scoring systems rely on several 
physiological indices and chemical analyses. In addition to 
difficulty in estimation, several drawbacks and limitations 
have been shown to these scoring systems.[26] No definite 
laboratory biomarkers had been definitively demonstrated 
to correlate with severity of  illness and mortality in ICU 
patients. Several clinical studies on critically ill patients 
with severe endothelial and renal involvement showed that 
microalbuminuria may be a beneficial marker of  disease 
severity and mortality prediction[18,19] and it may indirectly 
quantify changes in systemic vascular permeability.[13] Few 
authors had identified microalbuminuria as a significant 
prognostic marker of  morbidity and mortality.[23] The 
level of  microalbuminuria starts to increase within hours 
of  an inflammatory insult as against delayed increases in 
levels of  many other mediators.[27] In the present study, 
an attempt was made to evaluate the prognostic value 
of  urinary ACR in sepsis in the intensive care setting 
and to compare this prognostic value with the APACHE 
IV and SOFA scoring systems. The commonly known 
factors that may cause increased ACR and that might 
be confounding are the diabetes mellitus and chronic 
kidney disease; accordingly, hence, these conditions were 
excluded. Sepsis is characterized by widespread endothelial 
dysfunction arising from the effects of  cytokines, and 
other inflammatory mediators released during the intense 
inflammatory responses, leading to systemic increase 
in capillary permeability.[11] The increased capillary 
permeability in the pulmonary circulation contributes 
into ARDS,[26] in systemic circulation contributes into 
sepsis-induced hypotension,[27] and in renal circulation 
causes increased amounts of  albumin to escape into 
the glomerular ultrafiltrate. The tubular reabsorptive 
mechanism for albumin from the ultrafiltrate is exceeded 
beyond its threshold capacity, leading to increased excretion 
of  albumin in the urine.[28] As a marker of  increased 

permeability, microalbuminuria was supposed to indicate 
the development of  ARDS, hemodynamic compromise, and 
acute kidney injury. Accordingly, in this study, observation 
of  the use of  mechanical ventilation, inotropic and/or 
vasoactive support, and RRT as severity indicators were 
done. Here was no significant correlation between ACR1 
obtained on admission and either SOFA or APACHE 
IV scores while ACR2 obtained 24 h later significantly 
correlated with SOFA score and had a statistically non-
significant tendency for correlation with APACHE IV 
score. It was also found that the SOFA score while not 
APACHE IV score is higher in patients with an increasing 
trend of  ACR. In a medical/surgical critically ill patients, 
Basu et al. found that ACR 6 and 24 h after admission were 
correlated with APACHE II score.[28] De Gaudio et al.[14] 
reported an increasing ACR to be positively correlated 
with an increasing SOFA score in 55 post-operative 
patients with sepsis. It was observed in this study that the 
ACR2 and the Δ ACR and not the ACR1 are associated 
with a higher incidence of  need of  mechanical ventilation 
and need of  inotropic and/or vasoactive support. Other 
authors also found that ACR is inversely associated with 
the PaO2/FiO2 ratio in post-trauma patients and was 
associated with significantly more duration of  mechanical 
ventilation in patients with initially normal lung function.
[29] The mean length of  hospital stay in the present study 
was 17.65 ± 8.60 days. There was a positive correlation 
between the ACR on admission and 24 h later and the 
ICU-LOS. Gosling et al. found that ACR values positively 
correlate with ICU-LOS.[29] In Gosling’s study, the ACR 
was measured on admission and 6 h later. APACHE IV, 
ACR1, and ACR2 were found to be predictors for mortality 
in this study. The AUC for ROC analysis was highest for 
APACHE IV score (0.905) followed by ACR2 (0.876) and 
then ACR1 (0.755). We found an APACHE IV score of  
72.5 to have 100% sensitivity and 80% specificity, ACR1 
of  86.3 mg/g to have 100% sensitivity and 50% specificity, 
and ACR2 of  110.5 mg/g to have 100% sensitivity and 
86.2% specificity to predict mortality. It was also observed 
that the trend of  ACR overtime is a predictor of  mortality 
with higher mortality in those with an increase in ACR2 
compared to ACR1. The increase in ACR was associated 
with 89% sensitivity and 68% specificity for detection of  
mortality in sepsis patients.

CONCLUSIONS

Evaluating the urinary ACR values regularly in all critically 
ill sepsis patients was a simple, rapid, non-invasive, 
inexpensive, easy to perform, and interpret test for early 
prognosis and prediction of  mortality. Late ACR after 24 
h from ICU admission and ACR trend overtime might be 
more important than the earlier admission ACR. Thus, 
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together with conventional illness severity scores, the 
measurement of  ACR on admission to the ICU, and 24 
h later, can provide additional information on patient 
outcome.
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