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ABSTRACT
Sepsis is one of the challenges for the doctors who treat critically ill patients. Delay in diagnosis and late administration of anti-
biotics have been shown to increase the mortality in this cohort. 
Objective: This study was done to evaluate whether microalbuminuria can be used as a marker of sepsis and also to compare 
with the levels of C-reactive protein (CRP a traditional marker) of patients admitted in ICU. The study was carried out in the 
department of Biochemistry, B.J. Medical College and Sassoon general hospitals, Pune. 
Method: 50 adult patients with ICU stay of more than 24 hrs were included in the study. 50 healthy and age, sex matched 
controls were also included in the study. Patients with pregnancy, menstruation, anuria, macroscopic hematuria, urinary tract 
infection, any renal disorder and marked proteinuria were excluded from the study.  Blood and spot urine samples were collected 
on admission and after 24 hrs. Urinary microalbumin was measured in terms of albumin creatinine ratio (ACR) and serum CRP 
levels were measured on ICU admission (ACR1,CRP1) and after 24 hrs (ACR2,CRP2). 
Results and Conclusion: In the study we observed that there was a marked correlation between ACR1 and CRP1 (r=0.786) 
and also ACR2 and CRP2 (0.787). There was a significant increase in the values of both the parameters on admission as 
compared to controls (p<0.001). Out of 50 patients, 35 showed increased levels of ACR and CRP levels whereas 15 showed 
decreased levels after 24 hrs. Patients showing decreased levels had better prognosis as compared to those showing increased 
levels. Thus we can conclude that ACR can be an effective marker for early detection of sepsis and can also be used to monitor 
the severity of the disease.
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INTRODUCTION

Sepsis is defined as the presence of the Systemic Inflam-
matory Response syndrome (SIRS) and a presumed or con-
firmed infection. It is a condition which is difficult to diag-
nose as the clinical and laboratory signs are similar to those 
presented in different severities of SIRS. So the mortality 
due to severe sepsis remains high, despite advances in its 
management (1). Sepsis develops when the initial appropri-
ate host response to an infection becomes amplified, and then 
disregulated (2). In sepsis the endothelium has key roles in 
regulating vascular tone and permeability and its activation 
is pivotal in initiating both the inflammatory and coagulation 
cascades (3). Inflammatory mediators such as tumor necro-
sis factor, interleukins and oxygen free radicals can dramati-

cally alter the role of the endothelium in acute diseases and 
in sepsis particularly (4-7).  The inflammatory response is 
associated with an increase in the vascular permeability due 
to damage of the vascular endothelium.

There have been many attempts to augment clinical decision 
making with diagnostic tests to increase sensitivity and spec-
ificity when diagnosing and treating sepsis and bacteremia. 
Initial studies employed fever and leukocytosis to define 
sepsis (8,9), though these tests were nonspecific. Subsequent 
studies focused on erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP) to help in the diagnostic algorithm. 
CRP is commonly used as a marker of an acute inflamma-
tory state. Plasma concentration of CRP has been reported 
to parallel the clinical course of infection, and the fall of the 
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protein level indicating the resolution of infection (10,11). 
Inspite of being a traditional marker of sepsis it is not spe-
cific enough for clinicians to give their clinical judgement.

Microalbuminuria (MA) is known to be a sensitive expres-
sion of the increased permeability of the systemic micro-
circulation (12,13). Microalbuminuria, typically defined as 
albumin excretion in urine of 30-300 mg/24 hrs, occurs rap-
idly after acute inflammatory insult and is shown to be as-
sociated with outcomes in many clinical settings, including 
sepsis, multiple trauma and intracranial hemorrhage (14-16). 
The mechanisms of development of microalbuminuria, have 
been extensively studied but remain elusive (16).

In view of all these facts the present study was planned to 
estimate the serum CRP levels and urinary microalbumin 
levels in patients admitted in ICU having SIRS.

AIMS AND OBJECTIVES

To evaluate whether microalbumin can be used as a marker 
of sepsis and the correlation between the levels of microal-
bumin and CRP ( the inflammatory marker) on the day of 
admission and at 24 hrs. The aim was achieved by follow-
ing objectives; estimation of serum CRP levels, estimation 
of urinary microalbumin and creatinine levels and their ra-
tio. Microalbumin was expressed as the Albumin/creatinine 
ratio(ACR) to correct for variations in urinary flow rate (17).

MATERIAL AND METHODS

The study was carried out in department of Biochemistry, 
B.J. Medical College, Pune.  Patients admitted in medical 
& surgical ICU were screened for signs of SIRS and then 
50 adult patients (Age >18 yrs) with SIRS and ICU stay for 
more than 24 hrs from Sassoon General hospitals Pune were 
included in the study. 50 age and sex matched healthy con-
trols were analyzed for comparison.

On admission, the following data was collected for each pa-
tient: age; gender; date and time of admission, provisional 
diagnosis; co-morbid conditions such as diabetes, hyperten-
sion and chronic kidney disease. Clinical and laboratory data 
was collected; cultures sent and antibiotics administered 
within 24 hours of admission were noted.

Exclusion criteria: Patients having anuria, macroscopic he-
maturia [confirmed with dipstick], female patients with 
menstruation or pregnancy were excluded. Retrospectively, 
patients with significant proteinuria [more than 1+ protein on 
dipstick] due to renal and post renal causes, for example uri-
nary tract infection, were excluded. Pediatric patients were 
also excluded.

The study was carried out after the approval from institu-
tional ethical committee.

Collection of serum: 5ml of intravenous blood samples of 
the subjects was also collected, centrifuged to separate the 
serum and stored at -20ºC till the analysis was done. 

Estimation of CRP
Estimation of CRP was done by Turbilatex kit method. The 
reagent CRP-Turbilatex agglutination assay is a quantitative 
turbidimetric assay for measurement of CRP in human se-
rum. (18) CRP levels were also referred as CRP1 and CRP2 
i.e. patients sample collected on the day of admission and 
after 24 hrs of admission. 

Estimation of Urinary microalbumin (ACR)
Spot urine samples were collected within 6 hours of admis-
sion and again at 24 hours, for quantification of ACR, which 
were referred to as ACR1 and ACR2 respectively. Urine sam-
ples were stored at -20°C till analysis. Urinary microalbumin 
was measured by the immunoturbidimetric method and uri-
nary creatinine by modified kinetic Jaffe reaction .The meth-
ods covered an analytical range of 1.3–100 mg/L for micro-
albumin and 0-20 mg/dl for creatinine. Microalbuminuria 
was defined by ACR values between 30 and 299 mg/g. ACR 
of > 300 mg/g is considered as clinical proteinuria. ACR < 
30 mg/g is normal for a healthy population.(14) However, to 
obtain comparable data, microalbumin was expressed as the 
microalbuminuria/creatinine ratio to correct for variations in 
urinary flow rate (17). These threshold values are well ac-
cepted for clinical use and have been predefined on the basis 
of published literature.

Statistical analysis: Results are presented as mean ± stand-
ard deviation value and statistically analyzed by Student’s 
t’ test. A ‘p’ value of 0.05 or less was considered significant

RESULTS 

CRP has been known for a long time to be elevated in in-
flammatory conditions, including infection, and was used 
widely as an adjunctive test in sepsis and has often been used 
as a comparator for newer biomarkers (19). Elevated CRP 
levels in sepsis have been correlated with increased risk of 
death and organ failure (20), but in part due to the persistence 
of elevated levels, were unable to predict survival when eval-
uating CRP trends(21,22). CRP has been used successfully 
during initial sepsis diagnosis, but its specificity is further 
reduced later in the course due to persistently elevated lev-
els(23). 

The present study was aimed to evaluate the levels of CRP 
and urinary microalbumin and also to see whether ACR can 
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be useful in the diagnosis of sepsis. CRP was done as a mark-
er of inflammatory response and was correlated with ACR. 
All fifty patients included in the study showed increased lev-
els of CRP1 and ACR1 as compared to controls (p<0.000) 
(table no.1). CRP2 and ACR2 values were also more than 
CRP1 and ACR1 (table no.2). 35 patients out of 50 (i.e.70%) 
showed increased levels of CRP2 and ACR2 as compared to 
CRP1 and ACR1 whereas the remaining 15 out of 50 showed 
decreased levels. When CRP1 and ACR1 were compared a 
marked correlation was seen between the groups (r=0.786) 
(table no.3). Similarly when CRP2 and ACR2 were com-
pared a marked correlation was seen (r=0.787) (table no.3). 
A marked correlation which was statistically significant was 
seen in both the groups. 

DISCUSSION

These observed changes in the parameters indicate that sep-
sis itself is associated with induction of a “systemic inflam-
matory response”, which is characterized by the release of 
pro-inflammatory mediators and the activation of differ-
ent types of cellular elements (15,24). Endothelial cells of 
the microcirculatory areas are primarily involved in this 
response. The endothelial cells themselves may be injured 
by an intense inflammatory reaction, and one of the main 
effects of this injury is increase in endothelial permeability 
(15). The observed increase in CRP levels were due to an 
increase in the inflammatory response and thus might be the 
cause of increased microalbumin levels which was the result 
of increased systemic endothelial permeability. It was also 
observed that the patients having increased CRP2 and ACR2 
as compared to CRP1 and ACR 1 levels had a poor progno-
sis, whereas patients showing decreased levels of  CRP2 and 
ACR2  as compared to CRP1 and ACR 1 showed a better 
prognosis. Several studies in various groups of critically ill 
patients have unequivocally established microalbuminuria as 
a significant prognostic marker of morbidity and mortality in 
the ICU (25). the study of Thorevska et al (26) and Gosling 
et al(27) also showed similar type of results  with specific 
cut off values on ICU admission. The rapid increase in renal 
permeability to plasma proteins after trauma, surgery or is-
chemia, which is proportional to the severity of the insult, led 
to the suggestion that increased renal and vascular perme-
ability occur simultaneously, and may share common path-
ways during the early stages of the acute disease process (4).    

CONCLUSION

It can be concluded that there is a good positive correlation 
between CRP and ACR. Increase in ACR levels with in-
creased severity of the disease and decreased values of ACR 
observed in patients showed a better prognosis. These results 

suggest that ACR can be a good marker of early detection of 
sepsis as well as can be used to monitor the severity of the 
disease. A further study with a larger sample size is required 
to show the role of ACR as a diagnostic marker.   
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Table 1: Comparison between levels of CRP and ACR of controls and patients on the day of admission(1) 

Controls (n=50) Patients on the day of admis-
sion (n= 50)

P- value

CRP ( mg/L) 3.14 ± 0.90 38.93 ± 12.72 < 0.001*

ACR (mg/gm) 9.84 ± 2.87 88.57 ±48.9 < 0.001*

* p value< 0.05 is statistically significant between the groups

Table 2: Comparison between levels of CRP and ACR  on the day of admission(1) and at 24 hrs (2) 

Patients on the day of admission 
(n=50)

Patients after 24 hrs  of 
admission (n= 50)

P- value

CRP ( mg/L) 38.93 ± 12.72 40.319 ± 12.62 < 0.001*

ACR (mg/gm) 88.57 ± 48.9 96.270±52.48 < 0.001*

* p value< 0.05 is statistically significant between the groups

Table 3: Correlation of CRP (1) with ACR(1) and CRP(2) with ACR (2) 

Group Correlation R value Type of correlation Relationship

CRP1 Vs ACR1 0.786* High Marked

CRP2 Vs ACR2 0.787* high Marked

*denotes statistically significant correlation


