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Abstract

Background/Aims: Urine microscopy is a useful diagnostic
tool; however, the manner in which nephrologists prepare
and examine urinary sediment is variable. We developed an
acute kidney injury (AKI) cast scoring index (CSI) in order to
standardize urinary microscopy. Further, we sought to assess
the precision of this scoring system. Methods: Urine from 30
patients with AKI consistent with the syndrome of acute tu-
bular necrosis were collected. Sample preparation was uni-
form and standardized. A panel of 3 nephrologists blinded
to the sample preparation were instructed to grade each
slide using the AKI CSI. Subsequently, the AKI CSI was then
tested in another 18 patients with AKI to determine if this
score could predict nonrenal recovery. Results: The inter-
observer agreement index was 99.80%, with a coefficient of
variation of 1.24%. Of the 90 paired observations, 98.8% fell
within 2 standard deviations of the mean, signifying good
agreement. The receiver operator characteristic area under
the curve for AKI CSl to predict nonrenal recovery was 0.79.
Conclusions: AKI CSl is a simple, novel, reliable scoring sys-
tem to grade the degree of epithelial cell and granular casts

present on urine microscopy. A standardized AKI CSI has the
potential to incorporate urinary cast analysis into the ad-
vancing field of AKI diagnostics. These preliminary data en-
dorse the notion that the AKI CSI may be useful in predicting
renal outcomes. Copyright © 2008 S. Karger AG, Basel

Introduction

Acute kidney injury (AKI) is common among hospi-
talized patients, and it is associated with increased mor-
tality [1]. The most common causes of AKI in hospital-
ized patients are prerenal disorders and acute tubular
necrosis (ATN) [2, 3]. The diagnosis of AKI is typically
made in conjunction with the clinical history, physical
exam, blood and urine laboratory values, along with
urine microscopy [4-6]. Tsai et al. [7] have shown that
nephrologists are superior to standard hospital labora-
tories in the preparation and interpretation of urine mi-
croscopy for the diagnosis of AKI. In their study in hos-
pitalized patients, ATN was the most common form of
AKIT consistent with previous reports [7]. The presence
of granular casts and renal epithelial cell (RTE) casts are
consistent with the diagnosis of ATN [8, 9]. However,
the manner in which nephrologists prepare and exam-
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Question 1: How long do you spin the specimen?

A:5 min B: 5 min C:5min D: 5 min
Question 2: At what speed do you spin the specimen?

A: 1,500 rpm B: 2,000 rpm C: 3,000 rpm D: 2,000 rpm
Question 3: How much urine volume do you spin?

A:10-15ml B: 10 ml C:5-10 ml D:5ml

Question 4: How much volume do you leave before resuspension of the pellet?

Fig. 1. Answers provided by 4 AKI experts
in a straw poll on urine sediment process-
ing methods. A = Expert from Pittsburgh,
Pa; B = expert from Birmingham, Ala,;
C = expert from Charlottesville, N.C.; D =
expert from Indianapolis, Ind.

A: 0.1 ml

ine urine sediment is quite variable. We conducted a
straw poll via email among our staff and among AKI
experts from around the USA about the manner in
which they prepare and analyze urine sediment (fig. 1).
We were surprised to find that there was a great deal of
variability in the responses. The variability in the re-
sponses occurred with the amount of urine to be spun
(5-15 ml), the duration of centrifugation (3-15 min), the
speed at which centrifugation should be conducted
(1,500-3,500 rpm), how the urine pellet should be resus-
pended (manually vs. with a pipette) and the volume in
which the pellet should be resuspended (0.1-1.0 ml).
Moreover, we could not find any consensus on how
many granular casts or RTE cell casts are required to
make the diagnosis of ATN given a clinical history con-
sistent with ATN.

There is general agreement of the value of utilizing
urine microscopy in the diagnosis of AKI [5]. However,
current diagnostics for AKI are insufficient and often
nonspecific. The need for improved AKI diagnostics has
led to the emerging field of AKI biomarkers. Multiple
biomarkers have been shown to have diagnostic potential
(e.g. KIM-1, NGAL, IL-18, Fetuin-A) [10-13]. We believe
that these biomarkers will have greater discriminatory
power if coupled with clinicopathologic measures such as
urine microscopy and/or diagnostic radiology studies.
Further, the sensitivity and specificity of urine micros-
copy in conjunction with AKI biomarkers has never been
studied. However, urine microscopy has significant limi-
tations. Because urinary casts are vulnerable to varia-
tions in pH and temperature, frozen samples are not
amenable to urine microscopy, and so sediment must be
evaluated from ‘fresh’ samples [14]. Typically, studies in-
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B: 1 ml C:0.5ml D: 0.1 ml

Question 5: Do you resuspend with a pipette or by another means?
A: Gently agitate test tube

B: Flick test tube  C: Agitate or pipette  D: Flick test tube

volving urinary biomarkers for AKI are frozen and
batched for analysis at a later date. These logistical chal-
lenges make the assessment of urinary biomarkers in
conjunction with urinary sediment difficult because they
cannot be assessed simultaneously.

In past studies, casts have been either quantified as an
average number per low-power field, or authors have used
the Addis method to calculate the rate of excretion of
formed elements of the urine over a 12-hour period [8, 9,
15]. In this study, we set out to develop a simple AKI cast
scoring index (CSI) that could be used to grade the level
of RTE casts and granular casts in urine sediment so that
urine sediment could be evaluated in a uniform fashion.
Our goal was to develop a simple, reproducible score with
good precision. We believe that if a precise AKI CSI can
be validated, that would allow clinicians to investigate the
accuracy of an AKI CSI with or without biomarkers in
future investigations.

Methods

Part 1

A total of 30 urine samples were collected from 30 patients at
the George Washington University Hospital in Washington, D.C.,
USA. Because a definitive diagnosis of ATN can only be made
with a renal biopsy, patients were included if they had clinical
syndrome consistent with ATN as determined by the renal con-
sult service. Patients were excluded if they had known kidney dis-
ease that was not consistent with ATN (e.g. glomerular nephritis,
interstitial nephritis, pyelonephritis, urinary obstruction, etc.) or
hyperbilirubinemia (serum bilirubin >2.0 mg/dl). Fresh urine
samples were taken and the identities of the patients from who
they came were hidden before they were handed to a research as-
sistant who prepared the urine sample for sediment analysis. The
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Grade Definition

1 None No evidence of GCs or ECCs

2 Rare Rare GCs or ECCs; at least 1 GC
or ECC seen on the entire slide,
but <10% of LPFs

3 Moderate Many GCs or ECCs, but not seen on
every LPF; casts seen on >10% but
<90% of LPFs

4 Sheets Sheets of muddy brown casts;

GCs or ECCs seen on >90% of LPFs

Fig. 2. Granular cast index. GC = Granular casts; ECC = epithe-
lial cell casts; LPF = low-power field (x10). The approach to view-
ing slide was to search for casts (GCs or ECCs), then view the en-
tire slide.

research assistant was not aware of the patient history or labora-
tory data. A waiver of informed consent and a Health Insurance
Portability and Accountability Act waiver were obtained from the
institutional review board for this study.

All samples were prepared in an identical fashion. The sample
preparation was based on a combination of recommendations
from various AKI experts. Each sample was measured to a volume
of 10 ml. Urine aliquots were centrifuged for 5 min at 2,000 rpm.
The supernatant was subsequently decanted, leaving a residual of
0.5 ml, and thus yielding a concentration factor of 20. To resus-
pend the pellet, the test tubes were agitated gently by hand. A pi-
pette was used to dispense 1 drop of sediment to a standard size
glass slide. A 24 X 30-mm coverslip was gently applied. Samples
were excluded from the study if they were not viewed by all 3 ne-
phrologists within 2 h of collection. When the slides were not ac-
tively under review by 1 of the judges, the slides were stored in a
covered opaque plastic box at room temperature. An individual
slide was viewed by all the participating nephrologists within a
30-min period. The nephrologists were blinded to each other’s
scores. The 3 nephrologists were also blinded to the identity of the
source of the urine sample.

The nephrologists were instructed to view the entire slide un-
der bright light microscopy at low power (X 10) to search for gran-
ular and RTE casts. All nephrologists used the same microscope.
High power (X40) was available to confirm the type of cast. Ne-
phrologists A, B and C were instructed to grade each slide using
the AKI CSI (fig. 2), which was displayed alongside the micro-
scope.

Part 2

After validation of the repeatability of the AKI CSI, we tested
its capacity to predict clinically relevant outcomes. Patients with
a clinical syndrome consistent with ATN from nephrotoxic, isch-
emic and multifactorial causes were prospectively enrolled. The
diagnosis of ATN was determined by the renal consult service’s

Urinary Sediment Cast Scoring Index for
Acute Kidney Injury

assessment of the patient, based on their clinical history, a physi-
cal exam, radiologic investigation, laboratory investigation of the
blood and urine and the urine microscopy. The protocol was ap-
proved by the George Washington University Medical Center in-
stitutional review board. Urine sediments of all patients were as-
sessed and graded as described above within 72 h of their initial
increase in serum creatinine. Demographic, clinical, and labora-
tory data were collected, and patients were followed for the dura-
tion of their hospitalization. Based on the renal consultation and
chart review, ATN was characterized as ischemic, nephrotoxic or
multifactorial. The primary endpoint was nonrenal recovery.
Nonrenal recovery was defined as: (1) the need for renal replace-
ment therapy, or (2) death while the serum creatinine trend was
still rising. Renal recovery was defined as: (1) the serum creatinine
returning to baseline levels, or (2) death while the serum creati-
nine was improving as compared to the peak creatinine after
study entry.

Statistical Analysis

The interobserver agreements were calculated according to
the statistical methods proposed by Bland and Altman [16]. The
assessments of the urinary specimens made by the 3 nephrologists
were converted into pairs of observations and then transformed
into an equivalent percentage scale of interobserver agreement,
according to the following formula:

X —xb|

Interobserver agreement index =100 — ———
(xa + xb)/Z
in which x, and x;, are the grade given to a sample by 2 different
observers. In this fashion, nephrologist A’s grades were compared
to those from nephrologist B for each sample, yielding 30 pairs.
Similarly, nephrologist A was compared to nephrologist C, and
nephrologist B was compared to nephrologist C. This process
yielded 90 paired values.

The coefficient of variation was determined by 2 standard de-
viations of

X, — xb|
(xa + Xb)/Z

In addition, a scatter plot was generated in order to further
validate the data. The above technique has been described by oth-
ers for similar interobserver analyses [17].

The capacity of the CSI to predict nonrenal recovery was as-
sessed by receiver operator characteristic (ROC) analysis, and the
sensitivity and specificity for each CSI was assessed. Mean CSI
was compared using the Mann-Whitney U test (SPSS 13.0, Chi-
cago, I11., USA).

Results

Part 1

In the set of 30 patients wherein the ATN CSI was as-
sessed for precision, the interobserver index was 99.8 *
0.29%. The coefficient of variation was 1.24%. A Bland-
Altman scatter plot (fig. 3) shows that all but 1 of the
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Fig. 3. Bland-Altman scatter plot.

paired samples fall within 2 standard deviations of the
mean, and within 1 grade of one another.

Part 2

Of the 18 patients with ATN whose urinary sediment
was assessed for outcome, the mean age was 61.9 + 18.7
years, 72% of the patients were male, 66.6% of the subjects
were African American, while the remainder (33.3%)
were European American. The baseline serum creatinine
was 1.1 = 0.5 mg/dl. The rate of nonrenal recovery was
61.1%, and the mean AKI CSI was 2.2. The patients with
nonrenal recovery had a higher CSI as compared to those
patients that did recover renal function (2.55 * 0.93 vs.
1.57 = 0.79, p = 0.04) ROC area under the curve for CSI
to diagnose nonrenal recovery was 0.79.

Discussion

We attempted to design a simple, easily reproduced
scoring system for urinary casts associated with ATN.
We modeled our system after the New York Heart Asso-
ciation Congestive Heart Failure Grading system, where-
in 4 different categories separate various levels of heart
failure, which has proven to be a simple and durable clas-
sification system [18]. We have shown that a simple gran-
ular/epithelial cell cast score can be reproduced between
different reviewers to within 1 degree, based on the AKI
CSI that we proposed. In our study, the interobserver in-
dex was 99.8%, signifying good agreement. In addition,
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the Bland-Altman scatter plot shows that all but 1 assess-
ment fell within 2 standard deviations of the mean. Our
grading system is simple and the sample preparation is
easily reproducible in any hospital where urine sediment
is part of the clinical work-up of kidney disease. Simi-
larly, our system separates different levels of urinary epi-
thelial and granular casts on standard urine sediment
analysis.

In addition to validating a standard technique to ana-
lyze urinary sediment for patients with a clinical syn-
drome suggestive of ATN, we assessed the capacity of this
score to predict nonrenal recovery. The ROC area under
the curve was 0.79, which is comparable to urinary KIM-
1 (ROC area under the curve = 0.61) and NAG (ROC area
under the curve = 0.71) [19]. While this value is not ade-
quate to be the sole diagnostic measure for renal out-
comes, the ROC area under the curve value does suggest
the score has potential for diagnostic use. Clinicians cur-
rently use urinary sediment as an aid to diagnose the eti-
ology of renal disease. We propose that the AKI CSI
might have diagnostic utility for renal outcomes in com-
bination with other relevant clinical and biologic mea-
sures. A point scoring system that incorporates the AKI
CSI may improve current and/or future AKI diagnostic
measures. If validated, an AKI CSI could be used in con-
junction with serum and urinary biomarkers to help im-
prove the diagnosis of AKI. For instance, a twofold in-
crease in KIM-1 may not prove to be diagnostic of AKI as
compared to a fourfold increase, but a twofold increase in
KIM-1 with evidence of granular or RTE casts may be
specific for AKI. Also, an AKI CSI could be useful in the
prognosis of severity and duration of kidney injury. By
standardizing the urine sediment analysis, studies done
at different centers using urine sediment analysis can be
compared to one another.

Previously, investigators have assessed the diagnostic
and predictive value of urine sediment analysis [8, 9]. In
a study of 51 patients with acute renal failure, Marcussen
et al. [8] found that patients with ATN had a higher total
number of casts than acute renal failure patients without
ATN, and the 12 patients that required dialysis had a
higher number of different types of casts. The authors
demonstrated that cytodiagnostic urinalysis may be valu-
able in establishing a diagnosis and predicting the sever-
ity of acute renal failure [8].

Schentag et al. [9] conducted a study which showed
that the number of urinary casts were able to identify
early aminoglycoside nephrotoxicity, which endorses the
notion that the quantification of urinary casts has diag-
nostic utility. In this study, a urinary cast count was per-
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formed over an aggregated 5-day period utilizing a mod-
ification of the Addis method [9]. In contrast to our study,
the study was conducted in patients undergoing treat-
ment with aminoglycosides and did not assess their renal
recovery or need for renal replacement therapy. Further,
current urinary sediment analysis differs significantly
from the methods used by the investigators in this study
and would not be as easily reproducible compared to our
methodology.

There are several limitations to our study. First, we
did not rigorously control for urine osmolarity and pH,
which can both affect the formation and stability of uri-
nary casts. However, our goal in this first portion of this
study was not to assess the diagnostic accuracy of uri-
nary casts, as we only sought to determine if different
observers could arrive at the same grade for a given slide.
These effects may have led to a decrease in the observed
sensitivity of our analysis. In addition, we did not assess
the samples in each patient at the same time of the day,
which could have also affected the urine sediment. Fu-
ture studies will need to control for urine pH and osmo-
larity. A second limitation is the possibility that the slides
may have deteriorated between viewings by graders.
However, we took great pains to make sure that there was
minimum deterioration in slide quality between assess-
ments by standardizing the processing of our samples
and maintaining viewing times to within short intervals
(<30 min). Third, the number of reviewers and the vari-
ation in the reviewer’s training was relatively limited.
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simple, and reliable scoring system to grade the degree
of urinary casts present on urine microscopy. A stan-
dardized AKI CSI has the potential to incorporate uri-
nary cast analysis into the advancing field of AKI diag-
nostics. Our preliminary data endorse the notion that
the AKI CSI may be useful in predicting renal out-
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