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Abstract

Background: Sepsis emerges as the leading risk factor for acute kidney injury (AKI) development in critically ill pa-
tients. Much effort has been invested so far on early diagnosis of AKI using promising biomarkers. This study aimed to
determine whether urine alphal-microglobulin (a1m), a lipocaline member previously used as an indicator of proximal
tubular dysfunction, can early predict the development of sepsis-associated AKI (SAAKI) in critically ill patients.
Methods: A prospective, observational study was conducted in a single center Intensive Care Unit (ICU). Patients with
normal renal function admitted to the ICU followed for sepsis and AKI development. Urine alm levels were analyzed
in pooled samples from 24-hour urine collections on sepsis onset and at various time points thereafter. The diagnostic
performance of urine alm was assessed using the nonparametric calculation of the area under the curve (AUC) of the
receiver operating characteristic (ROC) curve.

Results: Among 286 critically ill patients admitted to our ICU in a year, 45 patients with sepsis met the inclusion crite-
ria. SAAKI developed in 16 septic patients (35.6%). Urine alm levels were significantly elevated in all septic patients
(average value of all samples on the day of sepsis: 46.02 + 7.17 mg/l) and showed a trend to increase in patients who
finally developed SAAKI. The AUC for SAAKI prediction according to alm urine levels 24-hours before SAAKI onset
was 0.739 (sensitivity 87.5%, specificity 62.07%, cutoff level 47.9 mg/l). Urine alm 24-hours before SAAKI, serum
creatinine on sepsis onset and Acute Physiology and Chronic Health Evaluation II (APACHE II) score on sepsis onset
emerged as the most powerful independent predictors of SAAKI. The combination of these three parameters improved
the AUC for SAAKI prediction to 0.944.

Conclusion: Urine alm levels might help in the early prediction of SAAKI development and may prove useful biomar-
ker. The pathogenetic implications of alm in sepsis and SAAKI need further investigation. Hippokratia 2014; 18 (3):
262-268.
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Introduction priority”’. Nevertheless, despite the effort that has been

Sepsis-associated acute kidney injury (SAAKI) ap-
pears to complicate a great percentage of patients hos-
pitalized in Intensive Care Units (ICU), contributing to
high in-hospital mortality'. Although the exact mecha-
nisms leading to SAAKI remain elusive, recent studies
suggest that it is a unique and distinct pathophysiologi-
cal entity®, resulting not only from a classical ischemic
acute tubular necrosis but, rather from a combination of
immunological, toxic and inflammatory insults’. Among
these, renal tubular apoptosis emerges as the prominent
process of renal dysfunction*¢. The early recognition of
acute kidney injury (AKI) has become today a “clinical

invested on the research for a promising early AKI bi-
omarker, the results so far do not favor a clear candidate
molecule satisfying the requirements of the perfect early
biomarker®?.

Alpha-1-microglobulin (alm) is a low-molecular-
weight protein that is synthesized in the liver, freely fil-
tered by glomeruli and reabsorbed by renal proximal tu-
bular cells where it is catabolized'’. Under normal condi-
tions very little filtered o.1m appears in the final excreted
urine!"13. Therefore, urine levels above the reference val-
ues can indicate proximal tubular damage'®. On the other
hand, beyond the potential role as a renal biomarker, re-
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cent studies revealed that olm exhibits several immuno-
suppressive functions and acts as a radical reductase and
scavenger. These findings support the assumption that
alm may serve as a protector of cells and tissues against
apoptotic damage'>"".

The aim of this study was to assess the utility of urine
concentrations of a.lm as biomarker of early SAAKI di-
agnosis in critically ill patients managed in an ICU.

Patients and Methods

The study was conducted in a nine-bed multidiscipli-
nary ICU at the General University Hospital of Alexan-
droupolis, in Greece and lasted for one year. Patients who
met any of the criteria of the Risk, Injury, Failure, Loss and
End-stage Kidney (RIFLE) classification were classified
as acute kidney injury patients's. We used the change in
serum creatinine level and urine output to classify patients
with renal dysfunction according to the RIFLE criteria.
Baseline creatinine was taken from preadmission values.
When no true preadmission creatinine value existed, the
lowest value of the initial creatinine on entry to the ICU
was used as baseline creatinine value. The diagnosis of
sepsis was made according to the International Sepsis Def-
inition Conference criteria'®. Eligible for inclusion were all
patients older than 18 years who admitted to the ICU due
to sepsis or developed sepsis during their hospitalization in
the ICU. Exclusion criteria were history of renal transplan-
tation and known renal failure of any stage or prior renal
disease. Patients were withdrawn from the study, if they
developed AKI in less than 72 hours after inclusion or if
they were discharged from the ICU in less than 72 hours.
The study protocol was approved by the local Institutional
Review Board and Ethical Committee. Before enrollment,
informed consent was obtained from patients’ next-of-kin.

Patients were followed daily for sepsis and AKI de-
velopment. Urine and blood samples were collected eve-
ry day, for each patient enrolled in the study, from the day
of enrollment until the day of AKI development. Urine
samples were taken after thorough mixing of 24 hour
urine collections, centrifuged at 3,000 rpm for 10 min-
utes to remove cellular debris and then stored at -40°C.
Blood samples centrifuged at 3.500 rpm for 10 minutes
and serum stored at -40°C. Alphal-microglobulin was
measured in pooled urine samples, in a blinded fashion,
using the a1-Microglobulin ELISA Kit, of the Immun-
diagnostik AG (Immundiagnostik AG, Stubenwald-Al-
lee 8a, D 64625 Bensheim, Germany). Alm levels were
measured in all samples taken at the day of sepsis devel-
opment (Sepsis-Day). In patients who finally developed
SAAKI, alm was determined in samples taken at the day
when SAAKI occurred (Day-0) and in samples taken 24
hours (Day-1) and 48 hours (Day-2) before SAAKI de-
velopment. In patients who did not develop SAAKI, alm
was measured in three consecutive urine samples after
the episode of sepsis (Day-2, Day-1, Day-0).

Statistical analysis
Program MedCalc for Windows XP version 12.2.1.0

software  (MedCalc Software, Mariakerke, Belgium)
was used for all statistical analyses. Predictive value of
urine olm for SAAKI development was assessed using
the nonparametric calculation of the area under the curve
(AUC) of the receiver operating characteristic (ROC)
curve. Since studies on the accuracy of almin early
detection of septic renal failure are lacking, we consid-
ered that the ROC AUC should be higher than 0.9 for the
detection of urine alm to be clinically important. A to-
tal sample size of 30 patients was calculated to be suf-
ficient, using a significance level of 0.05 (two-sided) and
a power of 0.8%.

Results

Among 286 critically ill adult patients admitted to our
ICU, 42 patients had renal failure at admission and 146
patients stayed in ICU less than 72 hours and they are
excluded from the study. From the remaining 98 patients,
45 patients met strict inclusion criteria for severe sepsis
or septic shock and composed the study population. Re-
nal failure developed in 16 septic patients (35.6%), after
a median of § days [interquartile range (IQR) 5.75-9.25)]
from the episode of sepsis. Initial RIFLE-stage was In-
jury in 11 patients (68.75%) and Failure in 5 patients
(31.25%). Four patients with RIFLE-stage Injury (25%)
progressed to Failure in a median of 5.5 days (IQR 4.75-
6.5). Among survivors SAAKI patients, four patients ex-
hibited complete recovery of renal function at the time of
their ICU discharge, while one remained in RIFLE-stage
Failure. Patients’ characteristics are summarized in Table
1 and Table 2.

In all urine samples examined, alm was found to be
above the normal range (average value of all samples
on the day of sepsis onset: 46.02 £ 7.17 mg/l). No dif-
ference observed in urine alm levels measured on the
first day that sepsis developed between the two patient
groups (p=0.42). In septic patients who did not developed
SAAKI, urine alm levels were maintained persistently
elevated without notable variation. In patients who even-
tually developed SAAKI, urine alm levels exhibited an
increase over time, as glomerular filtration rate (GFR)
gradually decreased. Levels of urine alm found to dif-
fer significantly between the two patient groups 24 hours
before AKI development (p=0.014) (Figure 1).

Urine alm performed well as a diagnostic marker for
SAAKI development 24 hours before the event [(ROC
AUC 0.739, 95% confidence intervals (CI) 0.587-0.859)],
but did not exhibit any prognostic value on sepsis onset
and 48 hours before SAAKI development (Table 3). For
the prediction of SAAKI 24 hours before its develop-
ment, urine alm sensitivity and specificity were optimal
at the 48 mg/l cut-off (Figure 2). Analysis revealed that
urine olm levels behaved as a sensitive marker rather
than a specific one. At the same time, they presented a
more valuable negative than positive predictive value in
septic-AKI detection.

To assess the added value of urine alm levels 24-hours
before SAAKI development to other clinical and laboratory
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Table 1: Demographic characteristics, causes ofintensive care unit admission, sepsis etiology and severity scores among criti-
cally ill patients according to the development of acute kidney injury.
Sepsis and AKI Sepsis without AKI

(n=16) (n=29) p value
Male gender 11 (68.7 %) 18 (62 %) 0.6
Age (years) 63 +16.85 51+19.5 0.04
Cause of primary admission
- trauma 5(31.25%) 11 (38 %) 0.9
- respiratory 6 (37.5 %) 6 (21 %) 0.4
- neurologic 2 (12.5 %) 7 (24 %) 0.6
- digestive 2 (12.5 %) 5017 %) 0.1
vascular 1 (6.25 %) - 0.8
Sepsis etiology
- VAP/pneumonia 9 (56.25 %) 8(27.6 %) 0.1
- CVC-related infection 4 (25 %) 13 (44.8 %) 0.3
- trauma infection 2 (12.5 %) 4 (13.8 %) 0.7
- peritonitis 1(6.25 %) 4 (13.8 %) 0.7
SAPS3 PIRO 40.6+9.8 31.6+7.5 0.005
APACHE II (on sepsis onset) 256+ 6 202+4 0.005
SOFA (on sepsis onset) 94+24 81+19 0.08

Data are expressed as mean + standard deviation or number (percentage). ICU: intensive care unit, AKI: acute kidney injury, VAP: ventilator
associated pneumonia, CVC: central venous catheter, PIRO score: Predisposition, Insult and Response/Organ dysfunction in sepsis,
APACHE II: Acute Physiology and Chronic Health Evaluation II, SOFA: Sequential Organ Failure Assessment.

Table 2: Differences in laboratory parameters, physiology values and medicines used on sepsis between critically ill
patients who developed or not acute kidney injury.

Sepsis and AKI Sepsis without AKI
(n=16) (n=29) p value

WBC (10°/ml) 12.07 £ 6.23 1522+9 0.17
PLT (10°ml) 190.8 £ 100 295.85+2.3 0.04
Het (%) 31.74+4.6 323+7.7 0.9
Fib (mg/dl) 458.2 + 198 522+193 0.34
AST (U/) 128.43 £ 271 50.17 71 0.27
ALT (U/) 102.8 £ 192 97.89 + 184 0.93
Albumin (g/dl) 2.56 +0.56 3.4+0.6 0.04
CPK (U/) 723 + 995 620 + 1445 0.78
Sodium (mmol/1) 146.18 + 7.89 143.7+7 0.3
Potassium (mmol/l) 4.28 £0.62 4.07+£0.61 0.28
Urea (mg/dl) 66.25 +26.73 46.42 +23 0.01
Creatinine (mg/dl) 1.13+£0.32 0.77 £0.24 0.001
CRP (mg/dl) 16.86 +6.92 17+7 0.94
PCT (ng/ml) 13.95+£27.51 444 +155 0.21
pH 7.37+0.11 7.44 +0.08 0.04
Bicarbonate (mmol/l) 23.18 +5.54 26.62 +5.32 0.05
Lactate (mmol/l) 1.54+1.08 1.76 + 1.66 0.57
Temperature (°C) 37.76 £1.62 38.13£1.43 0.45
PO,/FiO, ratio 173.12+81.4 204.42 + 104 0.27
MAP (in mmHg) 70 (60-81.25) 72.5 (65-80) 0.4
CVP (in mmHg) 11.5 (10-13) 12 (8-12.5) 0.2
Urine output (ml/24h) 119.4 +42.34 141.93 £ 69.85 0.11
Vasopressors (%) 12 (75%) 19 (65%) 0.85

- nonadr (y/kg/min) 0.5+0.34 0.36 £ 0.4 0.3
Diuretic use (%) 9 (56.25%) 20 (69%) 0.55
Aminoglycoside use (%) 8 (50%) 8 (27.6%) 0.23

Data are expressed as mean =+ standard deviation, number (percentage) or median (interquartile range). AKI: acute kidney injury, WBC: white cell
count, PLT: platelets, Het: hematocrit, Fib: fibrinogen, AST: aspartate aminotransferase, ALT: alanine aminotransferase, CPK: creatine kinase,
CRP: C-reactive protein, PCT: procalcitonin, HR: heart rate, MAP: mean arterial pressure, CVP: central venous pressure, noradr: noradrenaline.
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Figure 1: Time course of alphal-microglobulin (alm) levels and renal function (Glomerular Filtration Rate, GFR) in septic
critically ill patients with or without acute kidney injury (AKI) development. Assessment of GFR was made by using 24-hour
collections for estimating creatinine clearance expressed in ml/min. Creatinine clearance was calculated from the equation: [Cr
urine (mg/dl)] x urine volume (ml) x 1.73 / Cr serum (mg/dl) x minutes]. Serum creatinine was measured at the start of the
observation and at the end of every 24-hour period. The mean of the two measurements was used for serum creatinine deter-

mination. Values are expressed as mean =+ standard deviation.

Table 3: Diagnostic significance of 24-hour urine alphal-microglobulin concentration in sepsis-associated acute

kidney injury (AKI) across three time intervals

Cut-off Sensitivity Specificity
AUC value ) ) PPV NPV )
(mg/l) (95% CI) (95% CI)
93.75 % 34.48 %
Sepsis 0.574 - 44.1 % 76.9 % 0.4
(69.8-99.8) (17.9-54.3)
31.25% 89.66%
48h before AKI 0.523 - 57.1% 68.4 % 0.8186
(11-58.7) (72.6-97.8)
87.5% 62.07 %
24h before AKI 0.739 >47.9 56 % 90 % 0.0020
(61.7-98.4) (42.3-79.3)

AKI: acute renal injury, AUC: area under the ROC curve, PPV: positive predictive value, NPV: negative predictive value.

parameters at sepsis, we performed a multivariate logistic re-
gression analysis. All variables that were found by univariate
analysis to display a p<0.1 were included into the model. Ac-
cording to the univariate model, eight parameters were pre-
dictive of SAAKI: urine olm levels 24-hours before SAAKI
[odds ratio (OR):1.16 (1.02-1.31), p=0.01], age [OR:1.03
(0.99-1.07), p=0.05], Acute Physiology and Chronic Health
Evaluation II (APACHE II) [OR:1.24 (1.06-1.44), p=0.004]
and Sequential Organ Failure Assessment (SOFA) scores
calculated on sepsis onset [OR:1.34 (0.97-1.85), p=0.07],
serum creatinine [OR:59.27 (4.15-845), p=0.002] and urea
serum concentrations [OR: 1.03 (1.005-1.061), p=0.02] on
sepsis, fluid balance on sepsis [OR:1 (1-1.008), p=0.06] and
the worst pH at the episode of sepsis [OR: 0.0002( 0-0.23),
p=0.01]. However, by multiple stepwise regression analysis,
only alm, serum creatinine and APACHE II score emerged
as the most powerful independent predictors. Adding alm to
creatinine and APACHE II improved the prediction signifi-
cantly and increased AUC from 0.849 (95% CI 0.709-0.939)
t0 0.944 (95% C10.831-0.991) (Table 4).

Discussion
In this study we sought to evaluate the predictive
value of urine alm levels on SAAKI development in
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Figure 2: Receiver operator characteristic (ROC) curve for
prediction of sepsis-associated acute kidney injury (AKI) in
critically ill patients by urine alphal-microglobulin (alm)
levels measured 24-hours before AKI develops.
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Table 4:Multiple logistic regression models for the prediction of sepsis-associated acute kidney injury (AKI) in critically ill

patients.
Simple model Biomarker model
oD Model (0))} Model
(95% CI) performance (95% CI) performance
APACHE 1.18 0.0386 AUC: 0.849 1.36 0.012 AUC: 0.944
(1-1.3) Accuracy: (1-1.7) Accuracy:
S-C 43,87 271.47 0.015
r ’ 0.009 81.82% 86.36%
(2.4-777.6) (2.9-25268)
alm 1.54 0.027
(1-2.2)

AKI: acute renal injury, OD: odds ratio, AUC: Area under the ROC curve, APACHE: APACHE II score on sepsis day, S-Cr: serum creatinine
levels on sepsis day (mg/dl), alm: 24-hour urine alphal-microglobulin levels 24 hours before AKI development (mg/dl).

patients admitted to an ICU. We suggest that there are
two results of relevance: the elevated levels of alm in
all septic patients and the progressive increase of alm in
patients who finally developed SAAKI.

Increased levels of urine alm in sepsis

There are only a few studies investigating the levels of
urine alm in septic critically ill patients*?!-3, Martersson
et al, found a trend towards higher peak levels of urine
alm with increasing sepsis severity and the presence of
AKT?!. In addition, Magid et al reported an 8-98 fold rela-
tive increase in olm/creatinine ratio among septic criti-
cally ill patients studied??. The finding of the increased
urine alm levels far beyond normal values in all septic
patients enrolled - even before SAAKI develops - could
have a double explanation. First, since it is already estab-
lished that alm is a renal tubular marker, the increased
urine levels of the protein could mirror an early subclini-
cal renal proximal tubular dysfunction, which, however,
does not reach the limit of AKI, according to the current
definitions. It has been suggested that sepsis can cause
renal impairment that is not obvious by changes in creati-
nine clearance but documented by an early tubular pro-
teinuria®. A second explanation of the high urine alm
levels in all septic patients could be an increased produc-
tion of the protein during sepsis. This could result in in-
creased plasma levels, with overflow of the reabsorption
capacity in tubular cells, leading to an increase in urine
secretion, without however, the presence of any tubular
dysfunction or renal damage. Unfortunately, overproduc-
tion of alm during sepsis is difficult to be proved because
the determination of the alm concentration in human
plasma or serum is complicated by the presence of differ-
ent forms of the protein, resulting in a widely variation of
reports on normal blood o.lm concentrations!’. However,
several studies have shown that a.1m might be implicated
in septic processes. Alm has a number of immunoregula-
tory properties such as inhibition of neutrophils’ oxida-
tive burst® and inhibition of antigen-induced lymphocyte
cell proliferation and cytokine secretion?*%, Alm acts as
a reductase and a radical scavenger and protects against

pathological oxidation of tissue components by binding
and degradating heme and free radicals, and by enzymati-
cally reducing oxidants and oxidation products®*2. Most
importantly alm is implicated in the protection of the
mitochondria against oxidative insult during cell death,
assisting mitochondria to maintain their energy delivery
during cell death and, at the same time, counteract and
eliminate the reactive oxygen species (ROS) generated
by the mitochondrial respiration in order to prevent oxi-
dative damage to surrounding healthy tissue’>*. These
redox properties make alm a novel and previously un-
known defense mechanism against pathologic oxidation,
cell necrosis and apoptosis.

Increased levels of alm in SAAKI

The second important finding in our study was the
trend of urine alm titers to increase in patients with de-
terioration and SAAKI development. According to ROC
curve analysis, urine alm levels presented a relatively
limited diagnostic performance, as a sole biomarker, in
predicting SAAKI. On the other hand, adding olm data
to other independent predictors of SAAKI improved sig-
nificantly their diagnostic ability. Many studies so far, ex-
amining other renal biomarkers, found good prognostic
value of these biomarkers in predicting AKI, however,
they failed to early detect AKI development in the course
of a septic episode® . This shows that sepsis could prob-
ably modify the diagnostic ability of biomarkers in AKI.
Even if, at the beginning of our study we assumed that
SAAKI is primarily characterized by a tubular damage
or dysfunction, SAAKI has proved to be a multi-pronged
injury implicating mechanisms such as renal circulatory
alterations, inflammation and oxidative stress injury, co-
agulation disturbances, endothelial cell dysfunction and
apoptosis®*. Thus, increased complexity of pathophysi-
ological mechanisms might limit the diagnostic value of
single biomarkers. Moreover, another inherent limitation
associated with ineffectiveness of novel biomarkers in
predicting SAAKI, is the difficulty in selection and en-
rollment of critically ill patients without renal injury pre-
cipitating factors others than sepsis. Furthermore, unlike
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experimental studies, designing a study in the clinical set-
ting carries always the difficulty of defining the time of
the initial sepsis insult, as well as, the onset of deteriora-
tion of renal function.

The main strength of our study is the prospective en-
rolment of a relatively homogeneous population of criti-
cally ill patients, selected by strict, predefined criteria,
without obvious underlying causes for AKI. Among the
limitations are the relatively small number of patients
included, the need for 24-hour urine collections and the
absence of alm measurements in a control subgroup of
critically ill patients without sepsis or AKI.

Conclusion

In conclusion, our study suggests that sepsis and AKI
contribute both in the increase of urine alm levels. Meas-
urement of urine alm may help in early prediction of
SAAKI. Urine alm levels have a relatively limited diag-
nostic performance in predicting SAAKI but adding a.lm
to other parameters, like serum creatinine on sepsis onset
and APACHE II score, can improve the early prediction
of SAAKT significantly. Our results do not clearly support
the superiority of urine a.lm over traditional laboratory and
clinical practices in SAAKI prediction. More studies are
needed to clarify the usefulness of urine alm as a SAAKI
biomarker and many things remain to be addressed, such
as the use of creatinine-adjusted spot urine samples in
urine olm measurement, the influence of other coexisting
parameters or medications on urinary alm levels, or the
potential role of urine a.lm in monitoring renal recovery.
The additional contribution of a.lm in a panel of other bi-
omarkers that already have been studied in early AKI diag-
nosis, such as NGAL or KIM-1, could be also the aim of a
study. On the other hand the finding of the increased urine
alm levels in all septic patients, even in those with normal
or slightly raised serum creatinine, should stimulate further
research to understanding the probable pathophysiological
role of alm, as an antioxidant and an immunoregulatory
molecule, in sepsis and SAAKI. The biological roles and
the possible implications of alm in sepsis and SAAKI re-
main to be clarified.
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