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Abstract

Background Urine microscopy with examination of
the urine sediment examination provides useful diag-
nostic information about the histology of the kidneys.
While most nephrologists use urine microscopy to
assess for the presence of glomerular diseases, they are
less apt to use this diagnostic test when pre-renal acute
kidney injury (AKI) or acute tubular necrosis (ATN) is
clinically suspected. More often, tests such as frac-
tional excretion of sodium (FeNa) and fractional
excretion of urea (FeUrea) are used to differentiate
these two causes of acute kidney injury.

Design and Methods A systematic search of Med-
line and the Cochrane Database, with no language
restrictions, for studies in humans on urine micros-
copy with sediment examination for the differential
diagnosis or risk stratification of acute kidney injury
published between January 1960 and February 2009
was undertaken.

Results Based on the limited available data on urine
microscopy reviewed in this paper, this test has merit
in hospitalized patients with acute kidney injury to
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differentiate between pre-renal acute kidney injury
and acute tubular necrosis. The presence and number
of renal tubular epithelial cells and renal tubular
epithelial cell casts and/or granular casts in the urine
sediment appear beneficial in the diagnosis of ATN
and may be useful in predicting more severe kidney
damage that is reflected by non-recovery of AKI and
need for dialysis.

Conclusions Urine microscopy and urine sediment
examination is widely available, easy to perform, and
inexpensive. The clinical utility of urine microscopy
in the differential diagnosis and prediction of out-
come in AKI may be increased by using a simple
urinary scoring system based on the number of renal
tubular epithelial cells and renal tubular epithelial
cell/granular casts.

Keywords Acute kidney injury - Urine
microscopy - Acute tubular necrosis - Pre-renal
azotemia - Granular casts - Renal tubular cells

Introduction

Acute kidney injury (AKI), defined as an abrupt
decline in kidney functions, is a relatively frequent
complication and an independent predictor of poor
outcomes in hospitalized patients [1, 2]. In fact, AKI
occurs in 5-35% of all hospitalized patients and is
independently associated with a 2- to 5-fold increased
risk of death [3-5]. In view of the common occurrence
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of AKI and its associated poor outcomes, it is critical
that potentially reversible AKI is early recognized to
allow for appropriate and timely interventions [6, 7].

As pre-renal AKI (pre-renal azotemia) and acute
tubular necrosis (ATN) are the most common causes of
AKI in hospitalized patients, and therapies and out-
comes for these forms of AKI differ significantly, early
clinical differentiation is desirable [8, 9]. The recogni-
tion of AKI is based primarily on clinical history,
physical examination, and certain laboratory measure-
ments. Blood urea nitrogen (BUN), serum creatinine,
and urine output are traditionally used to diagnose AKI,
but they do not provide insight into the cause of AKI and
cannot distinguish between pre-renal AKI and ATN. In
the absence of renal biopsy, which is not typically
performed in these settings, the differentiation of these
two conditions is based on urinary biochemistry and
derived indices such as urinary sodium concentration
(UNa), fractional excretion of sodium (FeNa), and
fractional excretion of urea nitrogen (FeUrea). How-
ever, there are limited data concerning the diagnostic
strength of these tests in differentiating these two major
forms of hospital-acquired AKI [10, 11].

Since the discovery of microscopic elements in the
urine in the 19th century, urinalysis has been an
essential diagnostic tool in kidney disease [12]. Urine
microscopy with urine sediment examination by an
experienced nephrologist often provides useful diag-
nostic information about the histologic state of the
kidneys [13, 14]. While most nephrologists use urine
microscopy to assess for the presence of glomerular
diseases or acute interstitial nephritis, they are less
apt to use this diagnostic test when pre-renal AKI or
ATN is clinically suspected. More often, tests such as
FeNa and FeUrea are used to differentiate pre-renal
AKI from ATN.

The purpose of the current study was to critically
review the current literature on the role of urine
microscopy and urine sediment examination in the
differential diagnosis and outcome prediction of AKI
in hospitalized patients.

Methods
Search strategy

We systematically searched Medline and the Coch-
rane Database, with no language restrictions, for
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studies in humans on urine microscopy with sedi-
ment examination for the differential diagnosis or
risk stratification of AKI, published between January
1960 and February 2009. The key words urine
sediment, urinalysis, acute renal failure, acute kid-
ney injury, acute tubular necrosis, pre-renal azote-
mia, urinary casts, urine microscopy, renal tubular
epithelial cells, granular casts, hyaline casts, renal
tubular epithelial cell casts with their synonyms and
equivalent Medical Subject Heading (MeSH) terms
were used. The searches were performed in co-
ordination with an information specialist. One
member of the research team assessed abstracts
and full articles. We scrutinized the reference lists
of the identified reports, reviews, meta-analyses, and
other relevant publications, and the related articles’
functions in MEDLINE were used to find additional
pertinent studies.

Selection criteria

Since there were no randomized controlled trials,
observational cross-sectional studies, case reports,
case series, and letters were reviewed and included.
Studies on non-dialysis-requiring subjects where the
role of urine microscopy with sediment examination
for the differential diagnosis or severity of AKI from
either ATN or pre-renal AKI were investigated. Two
investigators (MK and BK) independently assessed
the eligibility of each study.

Data extraction and quality assessment

Reports from all eligible studies were evaluated for
appropriateness for inclusion without prior consider-
ation of results. We used information concerning
study design, patient characteristics, and risk esti-
mates including their 95% confidence interval (CI)
either with the number of urinary casts or expressed
as cast scoring system defined by the studies.

Two independent reviewers (MK, BK) performed
quality assessment, and any uncertainties in the
relevant studies were subsequently discussed with
other team members. Reviewers assessed study qual-
ity according to guidelines outlined by Hayden et al.
[15]. Studies were graded as good quality if they met 5
to 6 criteria, fair if they met 3 to 4 criteria, and poor if
they met 2 or fewer criteria.
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Data analysis

A standardized framework was used by two inde-
pendent reviewers (MK, BK) to assess the quality of
included studies whose usefulness may have been
comprised due to heterogeneity of populations,
outcome measures and intervention methods, and to
a paucity of studies. There was no disagreement
between reviewers. Data were extracted for the latest
period of follow-up reported. As none of the studies
on urine microscopy were sufficiently homogenous to
undertake meta-analysis, the findings were synthe-
sized in a narrative review. Effect sizes and indicators
of statistical significance or CI are given where these
were reported.

Results
Search results

Of 447 citations, 5 studies were eligible for inclusion
[16-21] and they are described in Table 1. Two of
those studies were specifically restricted to patients
with sepsis [20, 21]. Figure 1 shows our search and
selection process.

Study results

All studies showed that urine sediment examination is
a valuable diagnostic tool for differential diagnosis of
AKI. Marcussen et al. tested cytodiagnostic urine
microscopy to determine its utility in the differential
diagnosis of AKI in 51 patients with AKI [17]. In
their study, 34 patients with ATN of either ischemic
or toxic origin had a higher number of collecting duct
cells and a higher total number of urinary casts than
the 17 non-ATN patients. Moreover, 12 patients
requiring dialysis had a greater number of urinary
casts (granular, waxy, leukocytic, and broad casts)
and renal tubular cells (particularly necrotic cells)
than the 39 patients who did not require dialysis.
They found that these urinary findings had a signif-
icant positive correlation with the magnitude of rise
of serum creatinine concentration [16]. They con-
cluded that an increased number of renal tubular cells
is associated with ATN, and the presence of an
increased number of urinary casts is associated with
increased risk for dialysis requirement.

Chawla et al. developed a simple, reliable AKI cast
scoring index (CSI) to grade the renal tubular epithelial
(RTE) cell and granular casts present on urine micros-
copy in order to standardize urinary microscopy in a
study with 48 patients with AKI due to ATN [17]. The
scoring system was graded as follows: Grade 1- no
evidence of RTE cell casts or granular casts; Grade 2-
rare RTE cell casts and granular casts; Grade 3- many
RTE cell casts and granular casts; and Grade 4- sheets
of muddy brown granular casts. Three nephrologists
were blinded to grade the urine sediment from 30
patients with ATN using the AKI CSI. Subsequently,
the AKI CSI was tested in another 18 patients with
ATN to determine whether the score could predict lack
of renal recovery. The rate of non-renal recovery in
these 18 patients was 61.1%, and the patients that did
not recover had a higher AKI CSI when compared with
patients that recovered renal function (2.55 + 0.93 vs.
1.57 &£ 0.79, p = 0.04). ROC area under the curve for
AKI CSIto diagnose non-renal recovery was 0.79. This
small study suggests that a standardized AKI CSI has
the potential to incorporate urinary cast analysis into
the progressing field of AKI diagnostics and predict
more severe AKI [17].

We recently published a cross-sectional study that
supports the utility of urine microscopy in differenti-
ating pre-renal AKI from ATN. The utility of the
number of granular casts and urinary scoring system
(Table 2) for the diagnosis of ATN is studied [18]. In
our cohort of 267 patients, 125 (47%) had a final
diagnosis of ATN, and 106 (40%) had pre-renal AKI.
Thirty-six (13%) patients with other causes of AKI
were excluded. Importantly, the ability of the pre-urine
microscopy diagnosis to distinguish ATN from pre-
renal AKI was fair (sensitivity— 0.76; specificity—
0.86; positive LR— 5.75) using the final diagnosis as
the gold standard. Likelihood ratios (LR) for both ATN
and pre-renal AKI from the results of microscopic
examination (number of RTE cells and granular casts)
by final clinical diagnosis were calculated. A urine
microscopy score of > 2 versus a score of 2 was
associated with a 74-fold increase in the odds of a final
diagnosis of ATN. The LR for both pre-renal azotemia
and ATN were calculated for the various categories of
granular cast number in the urine sediment (Table 3).
Thus, urine microscopy on the day of nephrology
consultation is a valuable diagnostic tool for strength-
ening the probability of a diagnosis of ATN. The
presence of granular casts and employment of a urinary
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456 citations in Medline and Cochrane found

by electronic search

247 given a more detailed
assessment

5 studies included for
final review

Fig. 1 Search strategy utilized

Table 2 Scoring system based on number of granular casts
and RTE cells

Score Description

0 RTE cells and granular casts O
2 0 RTE cells and granular casts 1-5; or
1-5 RTE cells and granular casts 0

3 1-5 RTE cells and granular casts 1-5; or
0 RTE cells and granular casts 6-10; or
6-20 RTE cells and granular casts 0

RTE renal tubular epithelial cells (per high powered field);
granular casts (per low powered field)

scoring system can differentiate ATN from pre-renal
AKI. Further studies are warranted to better elucidate
the role of RTE cells, granular casts, and urinary
scoring system in the diagnosis and prognosis of AKI,
in particular ATN and pre-renal AKI.

Urinary Microscopy in septic acute kidney injury

Although RTE cells, hematuria, pyuria, muddy brown
granular casts and/or RTE cell casts are reported in

209 excluded on first
pass review

242 excluded in second pass
- 40 reviews or metaanalyses
- 190 studies about new
biomarkers
- 12 not related to AKI

Table 3 LR for diagnoses of ATN and pre-renal azotemia
based on the number of granular casts present in the urinary
sediment

Granular Casts/LPF LR (ATN) LR (Pre-renal Azotemia)

0 0.23 4.35
1-5 2.97 0.34
6-10 9.68 0.10

ATN acute tubular necrosis, LR likelihood ratio

septic AKI, normal urinary sediment is also described
in some cases [19]. There are 2 studies that examine
the utility of urine microscopy in the differential
diagnosis of AKI in patients with sepsis. Gay et al.
examined the urine sediment in 31 episodes of AKI in
children [20]. The first urine sediment examination
was performed 5 days after the onset of AKI. In 10%
of the urine samples, the sediment was normal, while
26% had hematuria. The causes of AKI were sepsis,
nephrotoxic agents, hemolytic-uremic syndrome,
nephritic syndrome, hemodynamic instability (pre-
sumed ischemia), and obstruction. They found a good
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correlation between clinical, biological, and ultraso-
nographic data in 28 cases (90%). Although they did
not provide details about the urinary casts in this study,
they concluded that urinary sediment examination is
valuable in the interpretation of tubular, interstitial or
tubulointerstitial lesions in the setting of AKI [20].
Graber et al. evaluated the urinary sediment of 65
patients with renal insufficiency after excluding cases
due to pre- or post-renal factors [21]. In patients with
ATN, the urine sediment contained large cells with a
single nucleus, which appeared to contain one or more
fluid-filled vesicles, which they defined as “bubble
cells”. In most patients with ATN, the urine sediment
also contained “normal” appearing RTE cells, muddy
brown granular casts, and oval fat bodies. In ATN
cases, RTE cells and muddy brown casts were noted in
76% and 62%, respectively, of urine sediments. The
authors concluded that urinary sediment evaluation
may be helpful in diagnosis of ATN, and these
“bubble cells” require more careful study [21].

Discussion

Based on the limited available data on urine micros-
copy and urine sediment examination reviewed, this
widely available and inexpensive test has merit in
hospitalized patients with AKI to differentiate
between pre-renal AKI and ATN. The presence and
number of RTE cells and RTE cell casts and/or
granular casts in the urine sediment appear beneficial
in the diagnosis of ATN and may be useful in
predicting more severe kidney damage that is reflected
by non-recovery of AKI and need for dialysis.
Moreover, a urinary sediment scoring system based
on the number of RTE cells and RTE cell/granular
casts is useful in the evaluation of AKI.

The studies reviewed in this paper are generally
small, single-center studies that are limited by a
number of flaws. Yet, they do provide a relatively
consistent conclusion—there is benefit to performing
urine microscopy in hospitalized patients with AKI.
Two studies support a role of urine microscopy in the
differentiation of ATN from either pre-renal AKI [18]
or patients with AKI not due to ATN [16]. The paper
by Perazella et al. [18] utilizes a urinary sediment
scoring system, which reliably differentiates the two
common causes of hospital-induced AKI. Two stud-
ies support the utility of urinary microscopy in
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predicting more severe ATN as defined by non-
recovery of AKI or need for dialysis, in one of these
studies, a CSI was validated and employed [17]. One
study examined only ATN cases after excluding pre-
and post-renal causes of AKI and found that RTE
cells and muddy brown granular casts, as well as
bizarre “bubble cells” were present in the urine
sediment of a majority of patients [21]. One study did
not provide details about the types of cells/casts
identified in the urine sediment [20], while one study
did not describe the causes of AKI but broke them
into ATN versus non-ATN [16]. The authors, how-
ever, state that a correlation of urinary findings with
clinical and histologic findings was present [20].

The major limitations of the studies included in this
review include the following: 1) primarily hospital-
ized patients with ATN were included; 2) the
diagnostic value of urine microscopy was not com-
pared with other diagnostic methods; 3) the studies are
small, single-center studies; 4) there is no accepted
number of urinary cells or casts (or urinary scoring
system) for differential diagnosis of AKI; 5) unclear or
no blinding of urinary microscopy readers (except for
one study); and 6) intra- and inter-observer variability
for microscopic evaluation of urine sediment was not
assessed in all studies.

The current interest in urine microscopy and urine
sediment examination in the diagnosis and prognosis
of pre-renal AKI and ATN is likely related to a few
factors. First, these two diagnoses account for the
majority of hospitalized AKI. Second, differentiation
of ATN from pre-renal AKI would likely change the
subsequent care of patients. For example, diagnosis
of pre-renal AKI would allow aggressive volume
repletion (true volume depletion) or use of other
interventions such as vasopressors and inotropic
agents to improve renal perfusion (cardiorenal syn-
drome). In contrast, diagnosis of ATN would prompt
removal of nephrotoxins and attention to supportive
care. In this regard, judicious fluid administration to
correct blood pressure in such patients without over-
repletion, which could promote non-cardiac pulmon-
ary edema, would be facilitated. Excessive fluid
administration can produce many adverse physiologic
effects that in turn cause respiratory distress and
increased morbidity and mortality. Fourth, if urine
microscopy and a urinary score can provide prog-
nostic information, this would be an extremely
important addition to the clinical armamentarium.
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The ability to stratify AKI risk at the time of
nephrology consultation will allow the clinician to
more confidently predict the probable clinical sce-
nario for the consultant, nursing staff, and health care
team, as well as for the patient and family. Finally,
urine microscopy is appealing as a diagnostic test in
that it is widely available, easy to perform following
appropriate training, inexpensive, and provides excel-
lent discrimination. This makes for a desirable
clinical test for nephrologists, especially as more
hospitals move toward automated urine microscopy,
which has limited ability to identify urinary casts.

With the availability of tests such as the FeNa and
FeUrea, urine microscopy is less often used to
differentiate ATN from pre-renal AKI [22]. Studies
have shown their ability to reliably discriminate these
two causes of AKI; however, these tests have flaws
that limit their utility in this setting. First, FeNa was
only validated in oliguric patients [23], which make up
only a part of the AKI population. Also, there are
several clinical scenarios of ATN where a low FeNa
(Iess than 1%) is present. These include sepsis,
contrast nephropathy, myoglobulinuric ATN, and
several causes of non-oliguric ATN [24, 25]. Further-
more, diuretic agents and bicarbonaturia (vomiting,
nasogastric suction) often increase urinary sodium and
the FeNa despite the presence of pre-renal AKI [26].
To try to overcome this issue, the FeUrea has been
employed to differentiate ATN from pre-renal AKI.
Early studies found a low FeUrea (< 35%) in the
setting of diuretic use to be a more sensitive and
specific index than FeNa in differentiation of pre-renal
AKI from ATN, especially if diuretics have been
administered [27]. However, subsequent examination
of FeUrea has found the test to lack in both sensitivity
and specificity for these two causes of AKI [28]. For
instance, in osmotic diuresis or in usage of osmotic
diuretics such as mannitol or acetazolamide, the
proximal tubular absorption of salt and water is
impaired and thus increased FeUrea is expected
despite renal hypoperfusion [29].

Finally, the era of novel biomarkers has arrived,
and many of these have shown great potential in the
evaluation of AKI. Although not currently available,
several novel urinary biomarkers are elevated in
patients with ATN and not pre-renal AKI [30-32].
The prognostic abilities of these biomarkers in AKI
are conflicting. Some studies demonstrate that urinary
cystatin C, alpha-1 microglobulin, N-acetyl-f-p-

glucosaminidase (NAG), and retinol-binding protein
have fairly strong ability to predict severe AKI (AUC
0.81-0.92) [33, 34]. However, neutrophil gelatinase-
associated lipocalin [NGAL], interleukin [IL]-18, and
kidney injury molecule [KIM]-1) have shown both
good and poor ability to predict length of AKI, need
for dialysis, or in-hospital death across studies [35—
39]. Some of these biomarkers have AUCs < 0.7 for
prediction of severe AKI [34, 36].

In reality, the best approach to the evaluation of
patients with hospital-acquired AKI who are suffer-
ing from either ATN or pre-renal AKI may be to
combine the available tests. For example, following
recognition of AKI, urinalysis and urine microscopy
should be obtained. Searching for RTE cells, RTE
cell casts and granular casts would point toward ATN
rather than pre-renal AKI. In oliguric patients,
measuring FeNa may add further information, unless
they are on diuretics or have a urinary pH > 6.0,
when a FeUrea may be more reliable. Using an AKI
cast scoring index [17] or urinary scoring system [18]
may help to further differentiate ATN from pre-renal
AKI and provide prognostic information. In the
future, perhaps the combination of urine sediment
plus novel biomarkers will improve the accuracy in
differentiating the cause of AKI and predicting the
outcomes of AKI.

In conclusion, urine microscopy and urine sedi-
ment examination is widely available, easy to
perform, and inexpensive. The clinical utility of
urine microscopy in the differential diagnosis and
prediction of outcomes in AKI may be increased by
using a simple urinary scoring system. Since intra-
and inter-observer reliability is a potential limitation,
nephrology training programs should make a con-
certed effort to guarantee competency in the prepa-
ration and interpretation of urine microscopy [14].
This is even more critical going forward as many
laboratories are employing automated technology to
examine the urine [40, 41], since the reliability of the
automated systems for detection of casts is poor.
Furthermore, nephrologists are superior in interpret-
ing the urine sediment findings compared to labora-
tory personnel [42]. Finally, it is time to conduct a
well-designed, multi-center, prospective study to
assess the composite value of urine microscopy with
other diagnostic methods (including novel biomark-
ers) for differentiating ATN vs. pre-renal AKI and for
risk stratification of AKI.

@ Springer



432

Int Urol Nephrol (2010) 42:425-433

References

10.

11.

12.

13.

14.

15.

16.

. Bagshaw SM, Laupland KB, Doig CJ, Mortis G, Fick GH,

Mucenski M, Godinez-Luna T, Svenson LW, Rosenal T
(2005) Prognosis for long-term survival and renal recovery
in critically ill patients with severe acute renal failure: a
population based study. Crit Care 9:700-709

. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H,

Morgera S, Schetz M, Tan I, Bouman C, Macedo E et al
(2005) Acute renal failure in critically ill patients: a mul-
tinational, multicenter study. JAMA 294:813-818

. Hou SH, Bushinsky DA, Wish JB, Cohen JJ, Harrington JT

(1983) Hospital-acquired renal insufficiency: a prospective
study. Am J Med 74:243-248

. Shusterman N, Strom BL, Murray TG, Morrison G, West

SL, Maislin G (1987) Risk factors and outcome of hospital-
acquired acute renal failure. Am J Med 83:65-71

. Nash K, Hafeez A, Hou S (2002) Hospital-acquired renal

insufficiency. Am J Kidnye dis 39:930-936

. Bagshaw SM, George C, Dinu I, Bellomo R (2008) A

multi-centre evaluation of the RIFLE criteria for early
acute kidney injury in critically ill patients. Nephrol Dial
Transplant 23:1203-1210

. Ostermann M, Chang RW (2007) Acute kidney injury in

the intensive care unit according to RIFLE. Crit Care Med
35:1837-1843

. Liano F, Pascual J, Madrid Acute Renal Failure Study

Group (1996) Epidemiology of acute renal failure: a pro-
spective, multicenter, community-based study. Kidney Int
50:811-818

. Mehta RL, Pascual MT, Soroko S, Savage BR, Himmel-

farb J, Ikizler TA, Paganini EP, Chertow GM (2004)
Spectrum of acute renal failure in the intensive care unit:
the PICARD experience. Kidney Int 66:1613-1621

Geyer SJ (1993) Urinalysis and urinary sediment in
patients with renal disease. Clin Lab Med 13:13-20
Carvounis CP, Nisar S, Guro-Razuman S (2002) Signifi-
cance of the fractional excretion of urea in the differential
diagnosis of acute renal failure. Kidney Int 62:2223-2229
Fogazzi GB, Cameron JS, Ritz E, Ponticelli C (1994) The
history of urinary microscopy to the end of the 19th cen-
tury. Am J Nephrol 14:452-457

Becker GJ, Fairley KF (2001) urinalysis. In: Massry SG,
Glassock RJ (eds) Textbook of nephrology. 4th edn,
Philadelphia: Lippincott Williams and Wilkins, pp 1765—
1783

Fogazzi GB, Garigali G, Pirovano B, Muratore MT, Rai-
mondi S, Berti S (2007) How to improve the teaching of
urine microscopy. Clin Chem Lab Med 45:407-412
Hayden JA, Coté P, Bombardier C (2006) Evaluation of
the quality of prognosis studies in systematic reviews. Ann
Intern Med 144(6):427-437

Marcussen N, Schumann J, Campbell P, Kjellstrand C
(1995) Cytodiagnostic urinalysis is very useful in the dif-
ferential diagnosis of acute renal failure and can predict the
severity. Ren Fail 17(6):721-729

. Chawla LS, Dommu A, Berger A, Shih S, Patel SS

(2008) Urinary sediment cast scoring index for acute
kidney injury: a pilot study. Nephron Clin Pract
110(3):c145-c150

@ Springer

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Perazella MA, Coca SG, Kanbay M, Brewster UC, Parikh
CR (2008) Diagnostic utility of urine microscopy in the
differential diagnosis of acute kidney injury. Clin J Am
Soc Nephrol 3:1615-1619

Bagshaw SM, Langenberg C, Bellomo R (2006) Urinary
biochemistry and microscopy in septic acute renal failure:
a systematic review. Am J Kidney Dis 48(5):695-705
Gay C, Cochat P, Pellet H, Floret D, Buenerd A (1987)
Urinary sediment in acute renal failure. Pediatrie 42:723—
727

Graber M, Lane B, Lamia R, Pastoriza-Munoz E (1991)
Bubble cells: renal tubular cells in the urinary sediment
with characteristics of viability. ] Am Soc Nephrol 1:999—
1004

Brady HR, Brenner BM, Lieberthal W (1996) Acute renal
failure. In: Brenner BM (ed) Brenner & Rector’s the kid-
ney, Sth edn. W.B. Saunders, Philadelphia, pp 1200-1250
Miller TR, Anderson RJ, Linas SL, Henrich WL, Berns
AS, Gabow PA, Schrier RW (1978) Urinary indices in
acute renal failure: a prospective study. Ann Intern Med
89:47-50

Vaz AJ (1983) Low fractional excretion of urine sodium in
acute renal failure due to sepsis. Arch Intern Med 143:738—
739

Fang LST, Sirota RA, Ebert TH, Lichtenstein NS (1980)
Fractional excretion sodium with contrast media-induced
acute renal failure. Arch Intern Med 140:531-533

Nanji AJ (1981) Increased fractional excretion of sodium
in prerenal azotemia: Need for careful interpretation. Clin
Chem 27:1314-1315

Carvounis CP, Nisar S, Guro-Razuman S (2002) Signifi-
cance of the fractional excretion of urea in the differential
diagnosis of acute renal failure. Kidney Int 62(6):2223-2229
Pepin M, Bouchard J, Legault L, Ethier J (2007) Diag-
nostic performance of fractional excretion of urea and
fractional excretion of sodium in the evaluation of patients
with acute kidney injury with or without diuretic treatment.
Am J Kidney Dis 50:566-573

Goldstein MH, Lenz PR, Levitt MF (1969) Effect of urine
flow rate on urea reabsorption in man. Urea as a ‘tubular
marker’. J Appl Physiol 26:594-599

Parikh CR, Jani A, Melnikov VY et al (2004) Urinary
interleukin-18 is a marker of human acute tubular necrosis.
Am J Kidney Dis 43:405-414

Han WK, Bailly V, Abichandani R et al (2002) Kidney
Injury Molecule-1 (KIM-1): a novel biomarker for human
renal proximal tubule injury. Kidney Int 62:237-244
Nickolas TL, O’Rourke MJ, Yang J et al (2008) Sensitivity
and specificity of a single emergency department mea-
surement of urinary neutrophil gelatinase-associated li-
pocalin for diagnosing acute kidney injury. Ann Intern
Med 148:810-819

Herget-Rosenthal S, Poppen D, Husing J et al (2004)
Prognostic value of tubular proteinuria and enzymuria in
nonoliguric acute tubular necrosis. Clin Chem 50:552-558
Liangos O, Perianayagam MC, Vaidya VS et al (2007)
Urinary N-acetyl-beta-(p)-glucosaminidase activity and
kidney injury molecule-1 level are associated with adverse
outcomes in acute renal failure. J Am Soc Nephrol 18:904—
912



Int Urol Nephrol (2010) 42:425-433

433

35.

36.

37.

38.

Vaidya VS, Waikar SS, Ferguson MA et al (2008) Urinary
biomarkers for sensitive and specific detection of acute
kidney injury in humans. Clin Transl Sci 1:200-208
Zappitelli M, Washburn KK, Arikan AA et al (2007) Urine
neutrophil gelatinase-associated lipocalin is an early mar-
ker of acute kidney injury in critically ill children: a pro-
spective cohort study. Crit Care 11:R84

Haase M, Bellomo R, Devarajan P et al (2009) Novel
biomarkers early predict the severity of acute kidney injury
after cardiac surgery in adults. Ann Thorac Surg 88:
124-130

Bennett M, Dent CL, Ma Q et al (2008) Urine NGAL
predicts severity of acute kidney injury after cardiac sur-
gery: a prospective study. Clin J Am Soc Nephrol 3:
665-673

39.

40.

41.

42.

Parikh CR, Mishra J, Thiessen-Philbrook H et al (2006)
Urinary IL-18 is an early predictive biomarker of acute
kidney injury after cardiac surgery. Kidney Int 70:199-203
Chien TI, Kao JT, Liu HL et al (2007) Urine sediment
examination: a comparison of automated urinalysis sys-
tems and manual microscopy. Clin Chim Acta 384:28-34
Shayanfar N, Tobler U, von Eckardstein A et al (2007)
Automated urinalysis: first experiences and a comparison
between the Iris iQ200 urine microscopy system, the
Sysmex UF-100 flow cytometer and manual microscopic
particle counting. Clin Chem Lab Med 45:1251-1256
Tsai JJ, Yeun JY, Kumar VA, Don BR (2005) Comparison
and Interpretation of Urinalysis Performed by a Nephrol-
ogist Versus a Hospital-Based Clinical Laboratory. Am J
of Kidney Dis 46:820-829

@ Springer



	Acute tubular necrosis and pre-renal acute kidney injury: utility of urine microscopy in their evaluation- a systematic review
	Abstract
	Background
	Design and Methods
	Results
	Conclusions

	Introduction
	Methods
	Search strategy
	Selection criteria
	Data extraction and quality assessment
	Data analysis

	Results
	Search results
	Study results

	Urinary Microscopy in septic acute kidney injury
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


