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Abstract

Purpose: To establish the behaviour of albuminuria over time and
its relation to APACHE |l score, SOFA score, infection parameters
and outcome in critically ill patients.

Methods: In a prospective cohort study, we measured albumin
creatinine ratio (MACR) for all consecutively admitted patients at
the ICU. We recorded the following baseline variables: gender, age,
admission diagnosis, type of admission (medical, surgical), length
of stay, days of follow up. The cohort was divided into two pairs
of subgroups medical and surgical; diabetes and non-diabetes.
Patients were followed for ten days when possible.

Results: A hundred and fifty patients were included with a median
age of 68.6 yrs. The patients had a mean APACHE Il score of 20.5
and a mean SOFA score of 5.0. In all patients the ACR increases in
the first five days. Median ACR on day 1 was 29.2mg/mmol; median
ACR on day 5 was 45.5 mg/mmol. For all subgroups except for the
diabetes patients the ACR decreased after day five. Spearman rho
correlation showed a significant correlation between mean ACR per
patient and age (r=0.19), APACHE Il (r=0.48), mean SOFA score
(r=0.41) and serum creatinine (r=0.25). Only in surgical patients a
relation was found between ACR and CRP.

Serum creatinine is found to have a relation with ACR and is a
confounder in the relation between ACR and the SOFA score. There
was no significant difference found in mean microalbuminuria at the
first day between survivors versus non-survivors.

Conclusions: ACR increases in the first five days in all critically
ill patients. A relation between ACR and physiologic scores of
severity of disease was established, except for diabetes and
medical patients.
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Introduction

In the intensive care unit (ICU) physicians are challenged to
predict patient outcome when patients are admitted. Over the years,
several tools have been developed for this purpose. Examples are the
Acute Physiology and Chronic Health Evaluation (APACHE) and
Sepsis Related Organ Failure Assessment (SOFA) scoring systems.

Though useful, these tools are complex. For example, the

APACHE score takes 24 hours to collect the data necessary to
calculate the predictive mortality. If it would be possible to identify
patients who are most at risk of serious complications and adverse
outcomes earlier,it might be able to target our clinical interventions
more accurately [1-3]. There is need for a non-invasive and direct
method for quantification of the severity of illness, complementing
the already existing scoring systems.

Microalbuminuria has been proposed as a prognostic marker in
the ICU, for acute kidney injury in septic patients and in pediatric
intensive care [4-9]. Critical illness is associated with endothelial
dysfunction that results from a cytokine cascade following injury and
/or infection. Increased capillary permeability to plasma proteins is
a consequence [10]. The glomerulus will leak albumin as a reaction
to increased endothelial permeability, which will cause (micro)
albuminuria. Frequently, patients admitted to an ICU are coping
with multiple organ failure including kidney failure. Because of this,
there is a rationale for using kidney functions to score the severity of
illness [11].

Few preliminary studies examined the use of albuminuria in the
intensive care as a prognostic marker. In 2006, a study by Gosling
concluded that urine albumin predicts ICU mortality and inotrope
requirement as well as or better than APACHE II and SOFA scores
[12]. A systematic review by Gopal 2006 describes that albuminuria
may hold promise as a predictor of illness severity, and mortality
on the intensive care. However, it was concluded that future studies
need to be conducted to determine the optimal timing as well as the
threshold reference value for the urine albumin creatinine ratio in the
adult intensive care population [13].

In this prospective study we record the presence of albuminuria
over time and study the association between albuminuria and the
conventional severity of illness scoring systems (APACHE and
SOFA), infection parameters (C-reactive protein (CRP) and white
blood cell count (WBC)) and outcome.

Patients and Methods
Design

A prospective cohort study was performed in a teaching
hospital with a 26-bed mixed medical-surgical tertiary ICU.
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Table 1: APACHE Il score, ICU length of stay, ACR, SOFA, and APACHE Il predicted mortality.

Clinical Category n APACHE Il score SOFA score Predicted mortality (%) @ ICU stay (days) ACR (mg/mmol) p Value’
All patients 149 | 20.51(SD 6.33) 5.00 (SD 2.89) 19 (IQR 34) 2 (IQR 5) 4.57 (IQR 7.73)

Surgical 97 18.28 (SD 4.89) 4.90 (SD 2.20) 12 (IQR 12) 2 (IGR 2) 2.75 (IQR 5.05)

Medical 52 24.67 (SD 6.63) 7.08 (SD 3.47) 46 (IQR 39) 5 (IQR 10) 10.81 (IQR 18.58) 0.001
Diabetes 40 20.38 (SD 6.37) 6.14 (SD 2.62) 16 (IQR 28) 3 (IQR5) 5.95 (IQR 10.55) 0.627
Non-diabetes 109 | 20.56 (SD 6.34) 5.49 (SD 2.98) 21 (IQR 37) 2 (IQR 5) 4.3 (IQR 7.60)

*Mann Whitney test of mean ACR per patient for subgroups (surgical vs. medical patients and diabetes vs. non-diabetes patients)

Consecutive intensive care patients over the age of 18 were included.
Patients suffering from chronic kidney disease (creatinine more
than177pmol/l) and those receiving chronic dialyses were excluded.
For practical reasons the follow-up was ten days or until ICU
discharge.

We recorded the following baseline variables: gender, age,
admission diagnosis, type of admission (medical, surgical), length
of stay, days of follow upand outcome. Outcome was extracted from
the ICU and hospital database. The cohort was divided into two
pairs of subgroups medical and surgical patients based on the type
of admission and diabetes and non-diabetes patients based on an
established diagnosis of diabetes before ICU admission. Predefined
potential confounders were: diabetes mellitus, hypertension and
renal function. The APACHE II score was calculated after 24 hours of
ICU stay according to the original definitions and following the NICE
datadictionary (www.stichting-nice.nl). From the included patients
we registered daily the albumin/creatinine ratio (ACR), the Sepsis-
related Organ Failure Assessment (SOFA), plasma WBC count using
the XE-2100automated blood cell counter (Sysmex) and plasma
CRP and creatinine levels using the ModularAnalytics Panalyzer
(RocheDiagnostics).

Informed consent was waived by the ethical review board because
of the observational design of the study in accordance with Dutch and
European legislation.

Urine analyses

Urine samples were collected daily at 9 am. Approximately
15ml was extracted from the urinary catheter, and urine analysis
was performed on the same day. Albumin and creatinine levels were
analyzed on the ModularAnalytics Panalyzer (RocheDiagnostics), and
the ACR was calculated. The ACR is the preferred test for diagnosis
of albuminuria because it corrects for the confounding effect of
variations in urine volume on the urine albumin concentration [14].

The normal rate of albumin excretion is less than 20mg/mmol;
persistent albumin excretion between 30 and 300mg/mmol is in
the literature defined as microalbuminuria. However, we defined
albuminuria as any amount of albumin excretion in the urine.

Treatment

All patients were treated according to standard intensive care
treatment according to national and international guidelines.

Statistical analyses

Statistical analyses were performed with SPSS version 17.0 (SPSS
Inc., Chicago, Illinois, USA). Data are expressed as mean and standard
deviation (SD) for normally distributed data and as median and
interquartile range (IQR) for skewed data. However, when the data
from one patient is used as a variable, the arithmetic mean for that
patient is used. A p-value less than 0.05 was considered statistically
significant for all analyses.

Evaluation of an association between ACR and physiologic scores,
markers of inflammation, plasmacreatinine and outcome were made
using the two-tailed Spearman rank correlation procedure. Spearman
rank correlation was used instead of Pearson correlation because of
the non-normal distribution of the ACR values. Because ACR showed
a skewed distribution, medians were compared between patient
groups using the Mann-Whitney nonparametric test and between

Table 2: Median daily ACR (mg/mmol) for all patients

Day ACR Range Number of patients
1 29.20 1.2-127 8
2 11.89 0.3-296 123
3 18.80 0.6-141 38
4 18.68 1.2-99,7 32
5 45.54 1.9-474 23
6 34.06 2.4-293 18
7 27.34 3.6-199 16
8 12.09 0.5-71.9 14
9 16.60 1.7-84.1 8
10 13.00 3.3-31.3

time points using the Wilcoxon signed rank test.

Univariate regression analyses were performed for categorical
ACR in relation to SOFA score, WBC, CRP, diabetes mellitus,
hypertension and plasma creatinine. The ACR categories were
chosen based on the normal value of 3.4mg/mmol. The presence of
confounding for these relations was tested through logistic regression
analyses. The same was done for the relation between ACR day one
(ACR1) and APACHE II score.

Results

Characteristics

During a two-month period 150 patients were included. One
patient was excluded because of chronic kidney failure for which he
received chronic dialyses. The remaining 149 patients had a mean
age 68.6 (SD 11.1) range 31-88 years. The patient group included 106
(71.2%) men and 43 (28.8%) women. All patients were treated with
vasoactive medication (either noradrenalin, dopamine or enoximone)
and nearly all patients were mechanically ventilated. There were
no differences in ACR between men and women. Spearman rho
correlation showed a significant correlation between mean ACR
per patient and age (r=0.19), APACHE II (r=0.48), mean SOFA
score (r=0.41) and serum creatinine (r=0.25). APACHE II score,
ICU stay, ACR, SOFA and predictive mortality for the categories
surgical and medical, diabetes and non-diabetes are summarized in
table 1. The surgical patient group included mainly patients after
heart valve replacement (76 patients). In addition, 9 patients after
gastrointestinal surgery, 8 patients after major vascular surgery, and
4 miscellaneous. The medical patient group consisted of patients with
respiratory failure (11 patients), cardiogenic shock (11), sepsis (9),
pulmonary infection (7), after cardiac arrest (6), intoxication (2) and
miscellaneous (8). Approximately 27% of the patients had diabetes
and 32% had preexisting hypertension. The median admission
creatinine was 83 (IQR 36 pmol/L. Nineteen percent had a pre-
admission creatinine of >120pumol/L.

Development of ACR over time

The ACR values for subsequent days in the ICU for all patientsof
the cohort and the number of patients included each day are presented
in table 2. As the data were collected at 9.00 hrs AM, only data from 8
patients admitted in the night were available.

Dailyvalues for ACR and plasmacreatinine for all patients and
the subgroups diabetes and non-diabetes are presented in figure 1.
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Figure 1: ACR and plasmacreatinine for all patients, diabetes and non-diabetes patients
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Figure 2: ACR and plasma creatinine for all patients, surgical and medical patients

Table 3: Spearman rho-correlation data for: arithmetic mean of ACR per patient compared with SOFA, inflammatory markers and plasma creatinine; ACR day 1

(ACR1) is compared with APACHE Il score.

Allpatients n=149 Surgical patients, n=97

r, P r, P
ACR vs SOFA 0,397 0,001 0,229 0,024
ACR WBC 0,065 0,430 -0,175 0,086
ACR CRP 0,251 0,016 0,485 0,002
ACR serum creatinine 0,351 0,001 0,381 0,001
ACR1 vs APACHE I 0.359 0.001 0.290 0.004

Medical Patients  n=52 Diabetes n=40 Non-Diabetes n=109
r, P r, P r, P

0,420 0,002 0,406 0,009 0,376 0,001

0,201 0,152 0,097 0,552 0,058 0,551

0,045 0,749 0,364 0,068 0,210 0,091

0,208 0,139 0,357 0,024 0,337 0,001

0.019 0.894 0.133 0.406 0.468 0.001

Table 4: Multivariate logistic regression analyse for categorical average MACR (<3.4mg/mmol or >3.4mg/mmol).

B S.E Wald
SOFA 0,231 0,081 8,210
Plasma creatinine 0,009 0,005 3,840

Figure 2 shows the daily values for all patients and the subgroups
medical and surgical patients.

Relation ACR and physiologic scores, infection parameters

The correlation for ACR compared with SOFA, inflammatory
markers and plasmacreatinine is accomplished using the arithmetic
mean over the treatment time in the ICU. APACHE II score,
calculated in the first 24 hours, is correlated to the first measured ACR
(ACR1). Table 3 shows the spearman rho-correlation.

Univariate regression analyse was conducted for categorical mean
ACR (<3.4mg/mmol or >3.4mg/mmol), as the dependent factor.
The mean SOFA score per patient, inflammatory markers and the

95% Cl for OR

df Sig. OR Lower Upper
1 0,004 1,260 1,076 1,476
1 0,050 1,009 1,000 1,019

predefined confounders plasma creatinine, diabetes and hypertension
were entered as independent variables. We found SOFA (OR 1.3, 95%
CI 1.2-1.6; p=0.001) and plasmacreatinine (OR 1.01, 95% CI 1.0-1.02;
p=0.004) significantly associated with ACR.

In addition, multivariate logistic regression analyse was
performed for categorical ACR as a dependent factor, SOFA score
and plasmacreatinine as independent factors, table 4. Table 4 shows
a decrease in the regression coeflicient (B) of the SOFA score from
more then 10 percent in comparison to the univariate analyses.
Therefore, plasmacreatinine turns out to be a confounder for ACR in
relation with the SOFA score.

The analysis was also conducted for categorical ACR measured
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on day 1 as a dependent factor. APACHE II score and the predefined
confounders were entered as independent variables. We found APACHE
II (OR 1.1, 95% CI 1.0-1,2; p=0.002) significant correlated to ACR day 1.

ACR and outcome

During our study period ten people did not survive the ICU.
We measured a non-significantly higher ACR1 in the non-survivors
compared to the survivors (30.08; 95% CI -5,7-65,8 vs. 12.35; 95% CI
6,2-18,5; p= 0,081).

Discussion

This study showed that the ACRof the cohort decreases between
the first and the second day but increases until day 5 of ICU treatment
in all patient groups. This is followed by a decrease in all patients
except for the patients suffering from diabetes mellitus. ACR may be
a marker of endothelial dysfunction caused by the primary insult and
the subsequent inflammation. This inflammation wanes in several
days resulting in a decreased ACR. The observation of an increasing
ACR until day 5 is in conflict with a conclusion drawn by Gosling et
al. [12]. This author concluded that the ACR decreases significantly
after four to six hours. This contradiction may in part be explained
by the differences in baseline characteristics between these study
populations. Our study was different in two respects. First, the
mean age in the Gosling study is 55.5 years versus 68.6 years in our
study. We did confirm the finding in the Gosling study that showed
that urine albumin on ICU admission increased significantly with
patient age. Second, patients in the Gosling study had lower median
APACHE scores then in our study, 18.0 versus 20.5. The current
study established a significant relation between ACR and APACHE
IT score. This could be an explanation for the higher ACR values in
the current study.

The highest ACR values were found in the diabetic patients. This
observation is consistent with the Thorevska [15] study, which found
that diabetes was an independent predictor of increased ACR.

The pathogenesis of albuminuria in patients with diabetic
ketoacidoses requiring ICU admission is multifactorial. Diabetic
ketoacidosis has been shown to cause acute tubular proteinuria and
reduced tubular resorption of filtered albumin, which may resolve
when acid base status is restored to normal. Also hyperglycemia
causes glomerular hyperfiltration, which will contribute to
albuminuria and which will resolve with the restoration of blood
glucose concentrations toward normal [16]. In our study the median
ACR in the diabetes group did not decrease at all over time. However,
only one patient was admitted because of ketoacidosis. The diabetes
patient group only reflects a small group of patients (41), on day nine
and ten respectively three and two patients were available for analysis,
which limits further conclusions.

ACR was significantly related to prognostic scores (APACHE
IT and SOFA). Between ACR and the SOFA score a significant but
moderate correlation was found for all patient groups. A significant
but relatively weak correlation was found between ACR and APACHE
IT score except for medical and diabetes patients. Gosling et al. [17]
suggests that ACR is an early marker of the systemic inflammatory
response to an acute insult, and the effect of an acute event on a
pre-existing medical condition that leads to ICU admission will be
variable. The ACR in medical and diabetes patients on admission
is higher then in surgical a non diabetic patients. This could be an
explanation for the non-significant association between ACR and
APACHE II score for medical and diabetes patients.

Many of the causes of critical illness are associated with intense
inflammatory responses. The cascade of events, triggered by the
release of interleukins and other inflammatory mediators, results
in widespread endothelial dysfunction [18,19]. The degree of
albuminuria is dependent, in part, on the intensity of the inflammatory
responses [15]. In surgical patients a significant correlation was found
between ACR and CRP. However, in none of the groups a correlation
was found between ACR and WBC.

The current study has methodological flaws. From patients

admitted in the weekend the first MACR was measured on Monday.
As a result, the mean ACR per day is calculated from the available
urine samples only. The study failed to establish a statistical significant
increase in ACR during the follow up days. The failure to reach
statistical significance may be explained in part by the decreasing
number of patients followed until day ten. However the 18 patients
left on day 6 show the same distribution of ACR and serum creatine
over the ten day period (data not shown).

ACR is influenced by many factors, an increase in protein
excretion may be seen with fever and exercise, perhaps mediated by
angiotensin II or norepinephrine-induced alterations in glomerular
permeability, as well as with symptomatic urinary tract infection [14].
We did not record the medication the patients received; this could
have been an important confounder.

Conclusion

This observational study was conducted to describe the trend
of microalbuminuria over time. It is shown that the mean ACR
increased in all patients until day 5, in contradiction to previously
performed studies. ACR is significantly correlated with the APACHE
IT score, except for diabetes and medical patients. In surgical
patients a significant relation was found between ACR and CRP.
Plasmacreatinine has been established to be a confounder in the
relation between ACR and SOFA. There was no significant difference
found in mean albuminuria at the first day between survivors versus
non-survivors. The ACR in the urine is associated with severity of
disease but cannot be used as a routine prognostic marker.

Ethical Statement

Informed consent was waived by the ethical review board because
of the observational design of the study in accordance with Dutch
and European legislation. All patients were treated and the study was
executed according to the Helsinki Statement.
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