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ABSTRACT

Several scoring systems were developed for prognosis and outcome prediction in sepsis. This
study aims to evaluate the urinary albumin/creatinine ratio (ACR) as a prognostic predictor in
sepsis. The study included 50 adult septic patients in a prospective observational study. Study
excluded patients with preexisting chronic kidney disease or diabetes mellitus. After clinical
evaluation, urine spot samples were collected on admission and 24 h later for ACR1 and ACR2.
Admission APACHE 1V score and the highest recorded SOFA score of their daily estimation were
considered. This study also evaluated the need for mechanical ventilation, inotropic or vasoactive
support, renal replacement therapy (RRT), and in-hospital mortality. In a population with Mean+SD
51.4+16.3 (19-82) year old with 34 (68%) males, we found that the ACR2 is correlated with both
APACHE IV and SOFA scores (P <0.001). ACR2 was higher in patients who needed mechanical
ventilation and inotropic or vasoactive support [121(21-235) and 166.5(89-235) mg/g respectively]
compared to [49(22-120) and 56.5(21-211) mg/g], P <0.001 in both. AACR, ACR?2, increasing ACR
and APACHE IV were predictors of mortality. The AUC for mortality prediction was largest for
AACR (1), increasing ACR (0.985), ACR2 (0.963) then APACHE IV (0.90). AACR and ACR2 of
91.5 mg/g and -22 was 88.2% & 100% sensitive and 90.9% & 100% specific respectively to predict
mortality. We concluded that the urinary ACR might be used as a simple test for prognosis and
mortality prediction in sepsis.
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1. INTRODUCTION

A retrospective analysis of an international
database reported a global incidence of 437 per
100,000 person-years for sepsis between the
years 1995 and 2015, from low and middle--
income countries [1].

Mortality rates for sepsis in recent years have
ranged from18 to 40% [2]. Numerous
immunopathologic alterations account for the
morbidity and mortality of sepsis [3].

Sepsis and disease severity depend on various
factors, ranging from the properties of the
invading pathogen to the current immune status
of the host. Severe sepsis can develop following
local infection and can stem from a number of
sites including the abdomen, skin, soft tissue,
urinary tract, lungs and is usually due to a
primary bloodstream infection [4]. Sepsis can
also be triggered by viral, fungal, and parasitic
components [5].

During sepsis, dysfunction of the epithelial barrier
especially of the digestive epithelium causes
bacterial translocations which probably contribute
to organ failures [6]. 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 [7].
Under pathologic conditions, inflammatory insult
will lead to an increase in glomerular permeability
to albumin and a reduction in tubular
reabsorption, which consequently contributes to
microalbumenuria (MA) development [8].

Microalbuminuria has been accordingly seen by
several studies to occur early after severe
inflammatory process and to persist in more
severe cases [9]. Various intensive care units
scoring systems like the Acute Physiology and
Chronic Health Evaluation (APACHE) I,
APACHE 1V, and Simplified Acute Physiology
(SAPS 1) scores to predict mortality are in
current use and SOFA scores in some studies
[10,11].

We intended in our study to evaluate the
prognostic value of urinary albumin/creatinine
ratio (ACR) in patients with sepsis and to
compare this prognostic value with the APACHE
IV and Sepsis-related Organ Failure Assessment
Score (SOFA) scoring systems. 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, vasopressor requirement and mortality
prediction. It was shown to be even similar to
APACHE IV.

2. PATIENTS AND METHODS

This is a prospective observational study that
recruited all adult critically ill patients admitted to
the ICU department, Benha Uneversity Hospital,
Egypt from February 2017 to August 2017. The
present study included in the study patients with
diagnosis of sepsis syndrome with the presence
of SIRS based on the diagnostic criteria of 1992
ACCP/SCCM [12] and its update in 2001
International Sepsis Definition Conference [13],
exhibiting two or more of the following signs: (1)
temperature of >38 C or <36 C, (2) pulse rate of
>90 beats/min, (3) respiratory rate of >20
breaths/min or hyperventilation with a PaCO2 of
<32 mmHg, or (4) white blood cell (WBC) count
of >12,000 IL1 or <4000 IL1, or >10% immature
cells. The presence of infection was defined
according to the clinical and microbiological
criteria of the Centers for Disease Control and
Prevention (CDC) definitions [14].

Study excluded the patients less than 18 year
old, patients with anuria or hematuria, patients
with preexisting chronic kidney disease, diabetes
mellitus, proteinuria due to renal or post renal
causes, patients with urinary tract infection, and
patients with ICU length of stay less than 24 h.

The study protocol was approved by the
institutional review board at Benha University.

All patients (included) were subjected for clinical
evaluation such as history, physical examination,
routine laboratory investigations (capillary blood
glucose, coagulation profile, arterial blood gases,
liver and kidney function tests, random blood
sugar, and serum electrolytes), and cultures from
suspected sources of infection including sputum
and urine.

APACHE |V 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 [15]. The score
was previously validated in sepsis patients [16].
The SOFA score is a scoring system to



determine the extent of organ dysfunction [17].
SOFA score was evaluated daily until ICU
discharge or demise or up to a total of 28 days.
The highest recorded SOFA score was
considered for statistical analysis.

Other parameters of disease severity that were
studied included need for mechanical ventilation,
need for inotropic and/or vasoactive support and
need for renal replacement therapy (RRT).
Outcome was evaluated by ICU length of
stay (ICU-LOS) and the in-hospital mortality
[18,19].

Urinary albumin creatinine ratio ACR: Urine
spot samples were collected at the time of ICU
admission for Albumin Creatinine Ratio 1 (ACR1)
and 24 h following ICU admission for Albumin
Creatinine Ratio 2 (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).

Trends of microalbuminuria was assessed as the
change from ACR1 to ACR2. The difference
between those values represents the delta
albumin/creatinine ratio (D ACR) and is
calculated as A ACR = ACR 1 — ACR 2. When D
ACR is negative, it is defined as increasing ACR
and when it is positive, it is defined as
decreasing ACR.

2.1 Statistical Method

The collected data were tabulated and analyzed
using SPSS version 16 soft ware (Spssinc,
Chicago, ILL Company). Categorical data were
presented as number and percentages while
quantitative data were expressed as mean %
standard deviation, median and range. Chi
square test (Xz), or Fisher's exact test (FET)
were used to analyze categorical variables.
Quantitative data were tested for normality using
Shapiro-Wilks, assuming normality at P>0.05,
Student "t" test was used to analyze normally
distributed variables among 2 independent
groups. While non parametric variables were
analyzed using Man Whitney U (Zywy) test for 2
independent groups. Spearman’s correlation
coefficient (rho) was used to assess correlation
between non parametric variables. ROC curve
was used to determine cutoff value of ACR with
optimum sensitivity and specificity in prediction of
mortality in sepsis patients. The accepted level of
significance in this work was stated at 0.05 (P
<0.05 was considered significant).
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P value >0.05 is non significant (NS)
P<0.05 is significant (S)
P<0.001 is highly significant (HS) [20].

3. RESULTS

During the period between February 2017 to
August 2017, 50 adult critically ill patients staying
for more than 24 hours in the ICU were included
in our study.

The 50 septic patients that included in the study
had an age ranging from 19 to 82 years old, with
a Mean+SD of (51.4£16.3), 34 (68%) males and
16 (32%) females were included in our study.

Table 1. Shows source of infection among the
studied sample

Source of infection No. %
(N=50) (100%)
Chest infection 28 56.0
Infected wound 4 8.0
Peritonitis 4 8.0
GIT infection 4 8.0
infected bed sores 7 14.0
Central Venous Catheter 1 2.0
infection
Infective Endocarditis 1 2.0
Gluteal abscess 1 2.0

This table shows that the main source of
infection in our patients was chest infection that
was identified in 28 patients (56.0%). Followed
by infected bed sores that were identified in 7
patients (14.0%).

The highest SOFA score median was 5 ranging
from 1 to 25 and APACHE IV score recorded
within first 24 h of ICU admission was 45 ranging
from 13 to 100.

Of the 50 patients eligible in this study, 25
(50.0%) needed ventilator support, 8 (16%) need
inotrope or vasopressor to maintain
hemodynamic while, there were no patients need
renal replacement therapy(RRT).

The Length of stay in our study shows the
median of 7.5 ranging from 4 to 45 days with
Mean+SD (9.9+7.4). The mortality rate in our
study is 34% (17 patients had been died while 33
had been survived).

Albumin/creatinine ratio (ACR) measurements:

When Albumin/ Creatinine ratio (ACR) was
measured on admission and after 24 hours, the



admission ACR (ACR 1) was median 67(mean
79.4 & standard deviation 39.9) ranging from 27
mg/g and 170 mg/g. The 24 hours ACR (ACR 2)
was median 67(mean 84.7& standard deviation
58.6) ranging from 21 mg/g and 235 mg/g. The A
ACR was calculated by the formula A ACR =
ACR1-ACR 2.

ACR1 was not significantly correlated with
APACHE IV score (P-value 0.11) but significantly
correlated with SOFA score (P-value 0.008).
ACR2 was highly significantly associated with
both APACHE IV and SOFA scores, (P value
<0.001) in both. Lastly AACR was significantly
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associated with both APACHE IV and SOFA

scores, (P values 0.0015 and 0.003
respectively).
Table 2. ACR measurements
N=50 Urine ACR1 Urine ACR2 AACR
(mg/g) (mg/g)
Mean 79.4 84.7 -5.32
Median 67.0 67.0 8.0
Std. 39.9 58.6 39.3
Deviation
Minimum 27.0 21.0 -97
Maximum 170.0 235.0 87
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Fig. 1. Showing Mortality rate among the studied sample
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Fig. 2. Showing median and range of APATCHE IV score among the studied sample

Table 3. Correlation between ACR1, ACR2 & A ACR with SOFA & APACHE IV scores

ACR1 ACR2 A ACR
rho P rho P rho P
APACHE IV score 0.231 0.1 0.539 <0.001 (HS) -0.436 0.0015 (S)
SOFA score 0.373 0.008 (S) 0.565 <0.001 (HS) -0.410 0.003 (S)




ACR 1 was not statistically different in patients
who needed mechanical ventilation [median
87.0 (27-160) mg/g compared to 66.0 (28-170)
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mechanical ventilation [121.0 (21-235) mg/g]
compared to those who didn't need mechanical
ventilation [49.0 (22-120) mg/g, P <0.001]. A

mg/g in patients needed no mechanical ACR has a high significant correlation with
ventilation, P = 0.47]. While ACR 2 was needing to use MV as a disease severity
significantly ~ higher in patients required parameter in our study (P <0.001).
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Fig. 3. Showing a significant positive correlation between urine ACR2 and APACHE IV score
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Fig. 4. Showing a significant positive correlation between urine ACR2 and SOFA score

Table 4. ACR1, ACR2 & AACR in different disease severity parameters (need of mechanical

ventilation)
Variable Need MV Not need MV ZMWU test P
(n=25) (n=25)
Median Range Median Range
ACR1 87.0 27-160 66.0 28-170 0.73 0.47 (NS)
ACR2 121.0 21-235 49.0 22-120 3.64 <0.001 (HS)
A ACR -40 -97-4.0 18 24-87 4.79 <0.001 (HS)
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APACHE score

Fig. 5. showing a significant negative correlation between APACHE IV score and Delta ACR

A similar relation was found between ACR1 and
ACR2 and the need of inotropic and/or
vasoactive support. ACR 1 & 2 were significantly
higher in patients needed inotropic support or
vasopressors compared to those who didn't need
support or vasopressors. ACR1 median 127.5

100 (-
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-100 S B

(87-160) mg/g and 62.5 (27-170) respectively, P
= <0.001). ACR2 median 166.5 (89-235) mg/g
and 56.5 (21-211) respectively, P = <0.001). A
ACR has a significant correlation with needing
inotropes or vasopressors as a disease severity
parameter in our study (P 0.018).

——
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No MV

Fig. 6. Delta ACR according to the need of MV

Table 5. ACR1, ACR2 & AACR in different disease severity parameters (need of inotropes or

vasopressors)
Variable The need of inotropes or Not need of inotropes or ZMWU test P
vasopressors vasopressors
(n=8) (n=42)
Median Range Median Range

ACR1 127.5 87-160 62.5 27-170 3.27 <0.001
(HS)

ACR2 166.5 89-235 56.5 21-211 3.56 <0.001
(HS)

A ACR -42.5 -97-40 9.5 -69-87 2.36 0.018

(S)




Albumin/creatinine ratio and outcome:

There was a significant correlation between
ACR1and ICU length of stay per days (ICU-LOS)
(P= 0.048). While ACR2 was a significant
predictor of mortality with highly substantial
association with ICU-LOS per days (P <0.001).
AACR had a significant negative correlation with
ICU-LOS (P= 0.009). This means that more
increase in ACR2 (increasing ACR), the more
negativity of AACR whis is calculated by the
formula (AACR = ACR1- ACR2) and the more
days expected for the patient to stay in ICU.

Table 6. Correlation between ACR1, ACR2,
AACR with ICU-LOS

With ICU-LOS

rho P
ACR1 0.281 0.048 (S)
ACR2 0.466 <0.001 (HS)
Delta ACR -0.364 0.009 (S)

Both ACR2 and AACR (increasing or decreasing
ACR) were highly significant predictors of
mortality in our study. ACR 2 was median 47.0
(21-121) mg/g for survivors and 131.0 (77-235)
mg/g in non-survivors compared to AACR
median 13.0 (-11 - 87) mg/g in non survivors and
-52.0 (-97 - (-22)) mg/g for survivors (P <0.001)
for both. ACR1 had no significant correlation with
survival and not a good predictor of mortality.
ACR1 median 63.0 (28-170) mg/g in survivors
and 89.0 (27-160) in non survivors (P= 0.06).

100 |-

50

50+

-100 | —!—
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The increase of ACR after 24 hours compared to
admission ACR was associated with increased
mortality. 18 patients had an increasing ACR
(negative AACR), 17 (94.4%) of them, and only
one (5.6%) was survived. 32 patients had a
decreasing ACR (positive AACR), all of them
were survived with no mortality (with high
significant P value <0.001).

Receiver operator characteristic (ROC) curve
was examined for the use of APACHE IV and
ACR concentrations as a predictor of ICU
mortality (Fig. 9).

The area under the ROC curve (AUC) for ACR2,
AACR & increasing ACR to predict ICU mortality
were 0.963, 1.0 & 0.985 (95% confidence interval
(0.91-1.0), (1.0-1.0), (0.95-1.0) respectively (high
significant P value <0.001). The optimal cutoff
values of ACR2, AACR to predict ICU mortality
were 291.5 & < -22 respectively. These cutoff
values gave a sensitivity of 88.2% & 100% and
specificity of 90.9% & 100% respectively, for
ICU mortality. Increasing ACR had a sensitivity
of 100% and specificity of 97%, for ICU
mortality.

The area under the ROC curve for APACHE IV
score to predict ICU mortality was 0.90 (95%
confidence interval 0.81-0.99 (high significant P-
value <0.001). The optimal cutoff value for
APACHE IV to predict ICU mortality was 249.5.
This cutoff value gave a sensitivity of 88.2% and
a specificity of 84.8% for ICU mortality.

Inotropes

No inotropes

Fig. 7. Delta ACR according to a need of inotropes
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Table 7. Mortality according to urine ACR

Variable Survived Died Zywu test P
(n=33) (n=17)
Median Range Median Range
ACR1 63.0 28-170 89.0 27-160 1.86 0.06 (NS)
ACR2 47.0 21-121 131.0 77-235 53 <0.001 (HS)
A ACR 13.0 -11- 87 -52.0 -97- (-22) 5.75 <0.001 (HS)

Table 8. Outcome according to AACR (increasing & decreasing)

In-hospital mortality Total
Survived Died

AACR: Positive -Count 32 0 32
(decreasing) -% within DELTAs 100.0% .0% 100.0%

Negative (increasing) Count 1 17 18
% within DELTAs 5.6% 94.4% 100.0%

Total -Count 33 17 50
-% within DELTAs 66.0% 34.0% 100.0%
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o
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Fig. 8. Showing median and range of A ACR according to the outcome
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Table 9. Cut off values, predictive values and area under ROC curve of ACR, APACHI IV and

SOFA
Variable Cut off value Sens% Spec% PPV% NPV% AUC 95%CI P value
ACR1 >78 70.6% 727% 571% 82.7% 0.662 0.49-0.83 0.06 (NS)
ACR2 291.5 88.2% 90.9% 83.3% 93.8% 0.963 0.91-1.0 <0.001 (HS)
AACR <-22 100% 100% 100% 100% 1.0 1.0-1.0 <0.001 (HS)
Increasing ACR 100% 97% 94.4% 100% 0.985 0.95-1.0 <0.001 (HS)
APACHE IV score 2495 88.2% 84.8% 75% 93.3% 0.90 0.81-0.99 <0.001 (HS)
SOFA score 5.5 70.6% 72.7% 57.1% 82.8% 0.802 0.68-0.93 0.001 (HS)
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Fig. 10. ROC curve was showing the performance of urine ACR in the prediction of mortality
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4. DISCUSSION shock from 13 to78 cases per 100,000 between
1998 and 2009 [22].

One national database analysis of discharge

records from hospitals in the US estimated an In general, the earlier an accurate diagnosis is

annual rate of more than 1,665,000 cases of made, and appropriate treatment started, the

sepsis between 1979 and 2000 [21]. higher the chance of survival, reduced
complications, better quality of life, and reduced

Another retrospective population-based analysis  health care costs [23].

reported increased rates of sepsis and septic



Currently, available tools for prediction of
prognosis in ICU are the APACHE IV (Acute
Physiology and Chronic Health Evaluation) score
[15], which predicts mortality, and the SOFA
(Sequential Organ Failure Assessment) score
[17], which predicts morbidity. These scoring
systems are based on several physiological
indices and chemical analyses. Over the years,
several problems, pitfalls, and limitations of these
scoring systems have been identified.

To our knowledge, there is no laboratory
examination has been definitively demonstrated
to correlate with severity of illness and mortality
in ICU patients. Several clinical studies showed
that microalbuminuria, a urinary albumin
excretion between 30 and 300 mg/day, may be a
marker of severity of illness and mortality
prediction in ICU patients with severe endothelial
and renal involvement [24,25].

Microalbuminuria may indirectly quantify changes
in systemic vascular permeability [26].

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 [11].
Microalbuminuria was found to be prevalent in a
broad spectrum of critically ill patients studied
[27].

The level of microalbuminuria starts to increase
within hours of an inflammatory insult as against
delayed increases in levels of many other
mediators [28].

The occurrence of microalbuminuria was
demonstrated to be related to endothelial
activation in uncomplicated essential
hypertension that may occur very early,

preceding the development of atherosclerosis
[29].

It was concluded that the microalbuminuria might
act as an inflammatory mediator. It is also well
established that microalbuminuria is a significant
predictor for the subsequent development of
overt diabetic nephropathy, characterised by
proteinuria, high blood pressure, and a fall in
glomerular filtration rate [30].

Studies have shown that many acute
inflammatory conditions are associated with
microalbuminuria. The rapid increase in renal
permeability to plasma proteins after trauma [31],
surgery or ischemia which is proportional to the
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severity of the insult, led to the suggestion that
increased renal and vascular permeability co-
occur, and may share common pathways during
the early stages of the acute disease process.
Assay of the amount of albumin excreted in a
random urine sample expressed as
Albumin/creatinine ratio is a simple, validated
and reliable test for evaluation of
microalbuminuria [24].

We intended in our study to detect
microalbuminuria in sepsis in intensive care
patients. Moreover, the prognostic value of
urinary albumin/creatinine ratio (ACR) in sepsis
in the intensive care setting to predict mortality in
sepsis.

This is a prospective study involving 50 critically
ill patients with sepsis syndrome admitted to ICU.
All included patients were subjected to the
measurements of urinary albumin/creatinine ratio
on admission (ACR1) and 24 hours later (ACR2).
The recording of APACHE IV score (in the first
24 hours of ICU admission) and the highest
SOFA score of their daily measurements was
considered.

In this study, 28 patients (56%) had Chest
infection as the primary source of disease, and 7
patients (14%) had infected bed sores, also the
infected wound, peritonitis and GIT infection
cases were (4 patients and 8% each = 24%) and
the residual 3 patients (2% each with total 6%)
had other different infections. A study was done
by Angus DC et al. [32] showed that COPD was
the most common underlying co-morbidity which
was present in 12.3% of the patients. This
indicates that lung is the most common source of
infection leading to sepsis. A study was done by
Angus DC, et al. [32] showed that 44% of the
cause of mortality had a respiratory source of
infection, 17.3% had bacteremia from an
unidentified source and 8.6% had an inside
source, and 6.6% had local wound as a source
of infection. A similar study was done by
Mandell G et al. [33] showed that most common
primary sources of disease resulting in sepsis
are the lungs, the abdomen, and the urinary
tract.

There was no correlation between ACR1 or
ACR2 and age, and neither ACR 1 nor ACR 2
was different in both gender groups. This was
also concluded in many other studies [34]. The
commonly known factors that may cause
increase in ACR and that might be confounding
are the diabetes mellitus and chronic kidney



disease; accordingly, we excluded those patients
from our study.

Urine ACR1 ranged from 27 mg/g to 170 mg/g
with a mean of 79.4 (SD 39.9). Urine ACR1
differed non significantly among survivors and
non-survivors. Patients who survived had median
ACR1 of 63.0 mg/g and patients who died had
median ACR1 of 89.0 mg/g (P value=0.06) (Zywu
test applied). A study done by Basu S, et al. [34]
and Gosling P, et al. [10] showed that Urine ACR
at 6 hours was 70.4 mg/g and108 mg/g among
survivors, 168.6 mg/g and 156.6 mg/g among
non- survivors respectively.

Urine ACR2 ranged from 21 mg/g to 235 mg/g
with a mean of 84.7(SD 58.6). Urine ACR2
differed significantly among survivors and non-
survivors. Median ACR2 among survivors was
47mg/g and among non-survivors were 131
mg/g. P value was statistically highly significant
with (p <0.001). Gosling P, et al. [10] did a study,
showed that Urine ACR at 24 hours was 36.96
mg/g among survivors and 156.64 mg/g among
non-survivors with significant (p-value of 0.0002).
Basu S, et al. [34] did a study, showed that Urine
ACR at 24 hours was 50.8 mg/g among survivors
and 154.0 mg/g among non-survivors with
significant (p-value of 0.0004).

Microalbuminuria defined as ACR 30- 300 mg/g
was present in all of our patients’ population.
This is explained by including only patients with
sepsis syndrome and not non-infectious SIRS.
Many other studies showed that ACR was
significantly higher in sepsis compared to non-
infectious SIRS [35].

The reason for increased incidence of
microalbuminuria in sepsis is probably the result
of widespread endothelial dysfunction arising

from the effects of cytokines, and other
inflammatory mediators, released during the
intense inflammatory responses that are

associated with sepsis leading to the systemic
increase in capillary permeability. The results of
disruption of the integrity of the endothelial
barrier are manifested as altered glomerular
endothelial permeability in the kidneys, allowing
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.
Many authors found that ACR after 6 hours
and 24 hours from onset of sepsis as well as
the increase of ACR over time is higher in
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patients with sepsis than in those without sepsis
[34,35].

In our study, there was a significant correlation
between ACR1 obtained on admission and
SOFA score but not with APACHE IV score.
While ACR 2 obtained 24 hours after admission
significantly correlated with SOFA and APACHE
IV scores. Delta ACR (increasing or decreasing
ACR) is significantly associated with both
APACHE IV and SOFA scores. In a
medical/surgical critically ill patients, Basu et al.
[34] found that ACR 6 and 24 hours after
admission were correlated with APACHE I
score.

In a study on medical cases only, increasing
microalbuminuria had good sensitivity and
specificity to predict the development of multi-
organ failure. Also, a high APACHE Il score was
significantly ~ associated with increasing
microalbuminuria levels [24]. They also found
that APACHE Il and SOFA scores were higher in
patients with growing trend of ACR over their ICU
stay compared to patients with stationary or
declining ACR level [24]. De Gaudio et al. [25],
reported that in 55 post operative patients with
sepsis, an increasing ACR correlated with a
rising SOFA score. In a study of 40 trauma
patients, the same authors De Gaudio AR, et al.
[36] reported that the degree of increase in
microalbuminuria over the first 24 hours following
trauma was related to the severity of the injury.

In our study, out of 50 patients, all patients
(100%) didn’t need dialysis therapy. We couldn’t
elucidate any relation between ACR either on
admission or 24 hours later and the need for
dialysis. In the study of Zhang and colleagues on
patients with sepsis and normal initial kidney
function, ACR on the second day of admission
was higher in patients who developed acute
kidney injury [37]. They found that ACR on the
second day of admission of 143 mg/g was 91.7%
sensitive and 79.2% specific for predicting acute
kidney injury in patients with sepsis [37]. Gosling
et al. [38] also found that ACR on admission
correlated with serum creatinin but they didn't
comment on the need for dialysis. The lack of
relation between the ACR and need for dialysis
in our study was due to the small sample size
compared to other reviews.

We found that the ACR 2 (after 24 hours) and the
A ACR and not the ACR 1 (on admission) are
associated with higher incidence of the need of
mechanical ventilation. While they all are



associated with higher prevalence of lack for
inotropic or vasopressor support. Other authors
also found that ACR is inversely associated with
the Pao2/Fio2 ratio in post-trauma patients [38]
and was associated with significantly more
duration of mechanical ventilation in patients with
initially normal lung function [39]. Pallister and
colleagues demonstrated that ACR 8 hours after
admission was predictive of the development of
ARDS.

Other authors concluded that ACR on admission
and 6 hours later are higher in patients with
vasoactive and inotropic support and are
positively correlated with ventilator days [40]. It
was supposed that the underlying mechanism
was proposed to be the increase in systemic
capillary leakage [41]. However, another study
conducted on 25 septic patients showed that
ACR did not correlate to extra vascular lung
water and PaO2/FiO2 ratio, concluding that
microalbuminuria does not reflect increased
systemic capillary permeability in septic shock
[26]. This was explained by the fact that in this
study, the population had very low serum
albumin that may influence urinary albumin
excretion. Pulmonary vascular permeability does
not solely determine the extra vascular lung
water; other factors, including volume status,
cardiac function and severity of lung injury, all
contribute to extra vascular lung water [42].

Studying the trend of ACR over time, the group
of patients with increasing ACR had a higher
incidence of acute respiratory failure and MODS
compared with those with decreasing or
stationary ACR. Increasing microalbuminuria had
NPV of 100% for detecting the acute respiratory
failure and of 96% for MODS and PPV of 57 and
50% for both respectively [24].

Basu et al. [34] also found an inverse relationship
between the degree of change in
microalbuminuria and the lowest Pao2/Fio2 ratio.

The Length of stay in our study was median7.5
(4-45) days with MeantSD (9.9+7.4). 17 of our
patients died with a mortality rate of (34%) while
33 patients (66%) were discharged from the ICU.
This is consistent with various studies including a
study done by Rangel-Frausto MS et al. [43]
which showed mortality ranging from 20-35%.

We detected that admission ACR and ACR 24
hours later and also AACR are predictors of ICU
stay for more than seven days. All of them were
found to have a significant positive correlation
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between them and ICU stay. The AUC for ROC
analysis was high for ACR 2 (0.963) and then
ACR 1 (0.662), but it was highest in AACR (1.0).
We found that ACR1 of 78 mg/g (the cut off
value) to have 70.6% sensitivity and 72.7%
specificity, also ACR2 of 91.5 mg/g to have
88.2% sensitivity and 90.9% specificity and
AACR of -22 mg/g to have 100% sensitivity and
100% specificity to predict mortality. We also
found that the trend of ACR over time is a
predictor of mortality with higher mortality in
those with the increase in ACR 2 compared to
ACR 1(increasing ACR). The rise in ACR was
associated with 100% sensitivity and 97%
specificity for detection of mortality in sepsis
patients.

Also, we found that there is APACHE IV, SOFA
scores of 49.5 and 5.5 respectively, to have
88.2% sensitivity & 84.8% specificity for
APACHE |V score and 70.6% sensitivity & 72.7%
specificity for SOFA score.

Gosling P, et al. [10] and Zhang Z, et al. [37]
found that ACR values positively correlate with
ICU-LOS. In Gosling’s study, the ACR was
measured on admission and 6 hours later.
Thorevska et al. found that among survivors of
critically ill patients, those with ACR more than or
equal to 100 mg/g stayed five days longer in the
ICU [27].

In a systemic review, Gobal et al. [11], concluded
that ACR might hold promises as a predictor of
mortality. Bhadade et al. [35], has demonstrated
that the area under the ROC curves for
prediction of death was highest for ACR2 (0.943)
and change of ACR over time (0.943) followed by
APACHE 11 (0.835), SOFA and ACR1 (0.725).
Basu et al. [34] concluded ACR2 is as good as
APACHE Il for mortality prediction. They found
ACR 24 hours after admission of 99.6 mg/g to
have the sensitivity of 85 % and specificity 68 %
and that APACHE Il had a larger area under
ROC curve than ACR. They concluded that
absence of microalbuminuria at 24 hours is a
predictor of survival. Gosling P, et al. [38], found
results similar to Basu S, et al. [34] in surgical
patients but not in medical patients.

In another study also in surgical patients, ACR
measured upon arrival to the ICU was able to
significantly differentiate survivors from non-
survivors [44]. In the subset of surgical and
trauma patients, Gosling and colleagues found
that ACR more than 5.9 mg/mmol (52.2 mg/g)
predict mortality with 100% sensitivity and 59%



specificity, however, in medical patients they
didn't find any difference in ACR between
survivors and non-survivors [38].

Gosling et al. in another study concluded that in
both medical and surgical patients who died on
the ICU, median ACR failed to decrease
significantly 6 hours following admission [10].

In 104 mixed ICU patients, Thorevska et al. [27]
found that patients with ACR more than or equal
to 100 mg/g on admission were 2.7 times as
likely to die compared to ACR less than 100.
They concluded that ACR had similar predictive
characteristics of APACHE Il and SOFA scores
as an independent predictor of mortality.

In our study AACR and ACR2 has performed
similar or slightly better than APACHE IV score
and more better than SOFA score as the area
under the curve was higher for AACR and
ACR2.

The finding of ACR2 as a predictor of mortality
(median 47 and 131 in survivors and non-
survivors respectively with the highly significant
p-value <0.001 in our study) could be explained
on the presence of ongoing inflammatory
processes among those who expired and hence
the higher levels of ACR2 among them. On the
other hand, a lower level of ACR2 might indicate
a decrease in the inflammatory activity and
explain the improved survival. This also
demonstrates the ability of A ACR in prediction of
mortality (with highly significant p-value <0.001 in
our study), where an increasing trend, (18
patients with 36% in our study) predicts a poorer
outcome (17 died & one was survived), whereas
a decreasing trend, (32 patients with 64% in our
study) predicts a better outcome (all were
survived). The decrease in levels after 24 hours
of ICU admission could be the result of the
reduction in the inflammatory processes
occurring as a result of treatment.

The initiation of early treatment might help to
protect the glycocalyx layer and prevent a further
rise in capillary permeability. From these
observations, it could be said that
microalbuminuria has a role in checking the
effect of treatment [35]. Also, some patients may
have persistent microalbuminuria due to diabetic
or hypertensive nephropathy, even if not
previously diagnosed, so that it is essential to
evaluate the trend rather than assess a single
value. Many other studies had also found higher
mortality among patients with increasing ACR
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levels than those with stationary or declining
values [24,27,37].

5. CONCLUSIONS

Based in the study findings, it is conclude that
the urinary albumin/creatinine ratio might be
used as an unaffected, rapid, noninvasive,
inexpensive, easy to perform and interpret test
for early prognosis and prediction of mortality in
septic patients. Late ACR after 24 h from ICU
admission and ACR trend over time might be
more important than the earlier entry ACR. Thus,
together with current iliness severity scores, the
measurement of ACR on admission to the ICU,
and 24 h later, can provide additional information
on patient outcome.

6. RECOMMENDATIONS

We recommend using the albumin/creatinine
ratio (ACR) as a scoring tool on admission and
after 24 hrs to all patients admitted with sepsis.
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