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Background: We evaluated the analytical and diagnostic performance of sediMAX (77 Elektronika, Budapest,
Hungary), a new automated microscopy image-based urine sediment analyser (which in some countries is
also called Urised) in comparison with visual phase-contrast microscopy.
Methods: Precision, linearity, carry-over and method comparison were carried out according to well-
established guidelines. The diagnostic performance with respect to visual phase-contrast microscopy was
evaluated with results from two centres (n1=910, n2=1233). Uncentrifuged urine samples were used in
visual microscopy in centre 1, while urine sediments were used in centre 2.
Results: Within-run precision for RBC was 17.8% and 6.7% at 18×E6 RBC/L and 447×E6 RBC/L respectively
and for WBC it was 17% and 4.4% at 4×E6 WBC/L and 258×E6/L respectively. Between-run imprecision for
RBC was 14.7% for 30×E6/L and 7.2% for 283×E6/L. For WBC it was 5.4% at 25×E6/L and 3% at 166×E6/L. In
both studies areas under ROC curves (AUC) were 80–90% for RBC, WBC, squamous epithelial cells, yeast and

calcium-oxalate crystals. For non-squamous epithelial cells and pathological and hyaline casts the AUC
ranged 73–74%. There was no carry-over.
Conclusions: The sediMAX is well able to count and identify RBC, WBC, squamous epithelial cells, yeast,
bacteria and calcium-oxalate crystals. Recognition of pathological casts and non-squamous epithelial cells is
adequate but needs to be improved.

© 2009 Elsevier B.V. All rights reserved.
1. Introduction

The microscopic analysis of urine is essential for the diagnosis and
monitoring of patients suspected of renal diseases and urinary tract
infections [1]. Despite its poor precision and wide inter-observer
variability [2] standardised visual microscopy remains the reference
method for the examination of the formed elements in urine.

Visual microscopy is labour intensive and time consuming and thus
adds prohibitively to cost of providing laboratory service. Remedy to
the shortcomings of visual microscopy has been sought in automation
and to this end image-based iQ200 (Iris Diagnostics Inc, Chatsworth,
California, USA) and flow-cytometric UF-100 and its successor UF-1000i
(TOA Medical Electronics, Kobe, Japan) urine analysis systems have
been developed. Now a new walk-away automated urine microscopy
analyser called sediMAX (77Elektronika, Budapest, Hungary) has been
introduced. It is based on the capture and recognition of images of
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monolayered urine sediment in a cuvette with a digital camera. We
assessed the analytical and diagnostic performance of the sediMAX
against visual chamber-counting of uncentrifuged urine (study I) and
sedimented urine counting (study II) of fresh urine specimens orig-
inating from patients representing several clinical conditions.
2. Materials and methods

2.1. sediMAX instrument, materials and technical detail

The measurement principles of the sediMAX (77 Elektronika,
Budapest, Hungary), a fully automated walk-away analyser, which in
some countries is also called Urised, are based on the practice of visual
microscopic urine sediment analysis. The instrument is capable of
detecting and counting urinary particles sedimented by centrifugation,
as a monolayer, in a specifically designed disposable cuvette. The
analyser requires 2 mL of native urine in a test tube. 200 µL of this urine
are pipetted in the cuvette and centrifuged at 2000 rpm (equivalent to
260×g) for 10 s to force the urinary particles in one plane at the bottom
of the cuvette. A built-in CMOS (Complementary Metal Oxide
Semiconductor) camera takes 15 digital images, through a built-in
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bright-field microscope, from different locations on the cuvette. The
sediMAX imagemagnification approximates to 400× enlargement. This
is equivalent to the high power visual microscopy magnification of
10×40. Analysis of 15 digital images of sediMAX represents examina-
tion of 2.4µL native urine. After each pipetting operation, the sample
probe iswashedwith on-boarddistilledwater to prevent contamination
of the following sample(s).

The whole process is controlled by a client computer, which is also
responsible for the particle recognition. This image recognition process
occurs in parallel with the analysis of the samples. All images are
evaluated by a high quality image processing software which is able to
detect and classify the urine particles as red blood cells (RBC); white
blood cell (WBC); squamous epithelial cells (EPI); non-squamous epi-
thelial cells (NEC); casts—hyaline casts (HYA), pathological casts (PAT);
crystals (CRY) — calcium-oxalate monohydrate (CaOxm), calcium-
oxalate dihydrate (CaOxd), triple phosphate (TRI), uric acid (URI); bac-
teria (BAC), yeasts (YEA); sperm(SPRM), andmucus (MUC). The results
can be expressed as nxE6/L, n/hpf or 1+, 2+, or 3+. With the analysis
of 15 digital images, sediMAX has a through-put of 62samples/h and
with 10 image analysis the through-put rises to 80/h.

The samples with very high particle counts are flagged as
“crowded” and it is recommended that images of these samples are
reviewed by an experienced operator. For the sediMAX the following
diagnostic cut-off values were used: RBC b5×E6/L, WBC b9×E6/L,
NEC b3×E6/L, Epi b6×E6/L, yeast (mycelia) b2×E6/L, hyaline casts
b1×E6/L, pathological casts b0.6×E6/L and bacteria b90×E6/L. These
cut-offs were not derived from a normal population study. They were
selected on the basis of providing the best diagnostic sensitivities
and specificities, though they are very near the values used for visual
microscopy in Leuven. This does not preclude the eventual users of the
sediMAX applying and validating their own cut-off values to achieve
their desired goal of diagnostic sensitivity and specificity.

2.2. Study I

Freshly collected random mid-stream urine samples sent to the
laboratory of the University Hospital Leuven for clinical reasons were
sequentially analysed on the Aution Max AX-4280 automated urine
test-strip analyser (A. Menarini, Florence, Italy) and Sysmex UF-100
(software version 00-14 (TOAMedical Electronics, Kobe, Japan)) or by
phase-contrast visual microscopy within 2 h of collection. From the
results of these analyses, specimens (n=910) were selected for the
study on the sediMAX (software version 5), such that approximately
30–60% samples would be abnormal for RBC and WBC, 10–20%
abnormal for other formed elements and the rest would be normal.
These targets were not met for all formed elements. The proportion of
positive samples for each formed element was as follows: RBC 54%,
WBC 55%, NEC 6%, squamous epithelial cells 19%, yeast 10%, CaOx
crystals 3%, and pathological casts 6%.

Urine samples with individual yeast cells (conidia) and budding
yeast cells are not common but, we knew from our experience with
the Sysmex UF-100, that when present they are confused with RBC.
Therefore to challenge sediMAX, urine samples containing conidia
and budding yeast cells were created by the addition of cultured yeast
colonies.

Sample collection, handling and transport have already been
described previously [3]. The specimens selected for the study were
analysed, in parallel, on the sediMAX and by visual microscopy within
30 min of analyses on UF-100.

2.3. Study II

Second urine samples of the morning, produced over 2h, received
in the Research laboratory on urine of Ospedale Maggiore Policlinico
(Milan) (n=1233) were included in the study. The sample handling,
according to a standardised procedure [5], was as follows: 10mL
aliquot of each sample was centrifuged for 10 min at 400×g. 9.5 mL
supernatant was removed, the sediment resuspended in the remain-
ing 0.5 mL of the urine and 50 µL of the suspension was examined
under a phase-contrast microscope at 160× (low power) and 400×
(high power) magnifications within 3 h of collection by one of the
two experienced urine microscopists in blinded conditions. The
particles evaluated and their positive proportions (%) were: RBC
(44%), WBC (33%), squamous epithelial cells (29%), non-squamous
epithelial cells (a category which encompasses renal tubular cells
and transitional cells (10%)), hyaline casts (45%), pathologic casts
(all casts different from hyaline (36%)), and calcium-oxalate
crystals (2%).

Another aliquot of each sample was analysed on the sediMAX
(Software version 5) according to the manufacturer's procedure.

Visual microscopy results were expressed semi-quantitatively as
normal, mild (1+, corresponding to N4.8×E6 to 48×E6/L of the
uncentrifuged urine for RBC and WBC and 0.08×E6 to 0.1×E6/L for
the casts and 0.48×E6 to 0.6×E6/L for NEC), moderate (2+,cor-
responding to 53×E6 to 145×E6/L for RBC and WBC and 0.11×E6 to
0.19E6/L for the casts and 0.69×E6 to 1.21×E6/L for NEC), severe (3+,
corresponding to 150×E6 to242×E6/L for RBCandWBCand0.26×E6 to
0.39×E6/L for the casts and 1.6×E6 to 2.4×E6/L for NEC) or very severe
(4+, corresponding to N242×E6/L for RBC and WBC and ≥0.77×E6/L
for the casts and ≥4.8×E6/L for NEC) [5]. Locally validated cut-off
limit for RBC and WBC was 4.8×E6/L and for non-squamous epithelial
cells, pathological casts and crystals their absencewas considerednormal
[5]. The original results, expressedasn/hpf or n/lpf,were converted ton/L
of the uncentrifuged urine.

2.4. Urine microscopy and Sysmex UF-100

In study I, advanced level visual phase-contrast microscopy at 400×
magnification [4] was used as the gold standard. Microscopic identifi-
cation and counting were performed on 0.5–1µL (depending on the
number present) uncentrifuged urine specimens using disposable
Uriglass (A. Menarini, Florence, Italy) counting chambers and the results
were expressed as nxE6/L. However when nN180×E6/L the results
were expressed as, for example, haematuria/pyuria/bacteruria and
when nN1000×E6/L as massive haematuria/massive pyuria. Locally
validated cut-off values for visualmicroscopywere: RBC b6×E6/L, WBC
b10×E6/L, hyaline casts b3×E6/L, pathological casts b1×E6/L, yeast
b5×E6/L, bacteria b50×E6/L, non-squamous epithelial cells b3×E6/L
and squamous epithelial cells b10×E6/L. For crystals, the cut-off
depended on the type: for urate b10×E6/L, for phosphate and oxalate
b5×E6/L [3].

Throughout the study visual microscopy was performed by the
same person with more than 25 years' experience and the person was
blinded to the results of sediMAX.

Urine analysis on the Sysmex UF-100 was performed as described
earlier [3]. The diagnostic cut-off values for UF-100 were: RBC 20×E6/L,
WBC 20×E6/L, non-squamous epithelial cells 2×E6/L, squamous
epithelial cells 50×E6/L, hyaline casts 3×E6/L, yeast cells 1×E6/L,
pathological casts 1×E6/L, bacteria 2750×E6/L, and crystals 20×E6/L [3].

In its routine use in Leuven, UF-100 (software version 00-14) was
coupled to Aution Max strip reader. The results of the analysers were
cross-checked against in-house developed review rules [3]. If there
was discordance between the UF-100 and the strip reader results (for
example, UF-100 counted N30×E6 RBC/L and the strip reader
detected b0.6 µg/L haemoglobin) or another review rule [3] was
infringed, the sample was flagged for review and examined under a
microscope. One sample could be flagged for review for more than
one parameter. In such cases, the test-strip results and themicroscopy
results, but not those of the UF-100, were reported. If there was a
concordance between the UF-100 and the strip reader results,
microscopy was deemed unnecessary and the results were validated
and reported.



Fig. 1. Within-run precision profile (a) and linearity (b) for RBC (●) and WBC (o).
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2.5. Editing of the sediMAX results

First three of the 15 images of each of 418 samples (out of 910) of
study I were manually reviewed, by an experienced urine microsco-
pist, for the diagnostic accuracy of the sediMAX and where ever
necessary the sediMAX-assigned classificationwas corrected (edited).
The results of unedited 3 images were compared with those of the
3 edited images.

The samples chosen for editing had not been flagged by any of the
analysers for manual review. The purpose of this manner of editing
was to demonstrate quantitatively scope for further improvement in
the sediMAX particle recognition software. The reason for choosing
only the first three of the 15 images was simply to keep the workload
manageable. In the selection of 418 samples for editing, the aimwas to
achieve proportions of positive samples that were at least similar to if
not higher than for the whole of study I. In the end 46% of the samples
were positive for RBC, 43% for WBC, 6% for NEC, 19% for squamous
epithelial cells, 10% for yeast cells, 3% for CaOx crystals and 6% for
pathological casts.

2.6. Precision and linearity

Within-run and between-run precision and linearity studies were
performed (in Milan) according to the NCCLS protocols [6,7], for only
RBCs and WBCs. Fixed RBC and WBC contained in Kova Liqua-Trol
level 1 and level 2 were used in the between-run and linearity studies.
They were obtained from Hycor Medical Inc via Menarini (Florence,
Italy). For between-run precision two concentration levels of each cell
type were analysed twice daily for 12 days. For within-run precision
patient urine samples at seven different concentration levels were
analysed 20 times. For linearity studies, Kova Liqua-Trol level 1
(abnormal) was concentrated by centrifugation and then diluted with
Kova Liqua-Trol level 2 (normal) to obtain a series of seven con-
centrations. Each concentration level was analysed on the sediMAX
20 times in duplicate.

2.7. Specimen carry-over

Sample carry-over was measured (in Leuven) as described by
Broughton et al. [8] for RBC, WBC and bacteria. Three successive
aliquots (a1, a2, a3) of a urine sample with very high values followed
by three successive aliquots (b1, b2, b3) of physiological saline as
blanks were analysed 10 times on SediMAX. Carry-over was
calculated by

Carry� over =
―
b1−

―
b3

―a3−
―
b3

× 100

b̅1, b3̅, and a3̅ were means of 10 determinations. In the case of
bacteria, b1 and a3 were also cultured for microbial growth.

2.8. Statistical analysis and calculations

The data was processed with the aid of Analyse-It computer
package (Analyse-It Software, Leeds, UK). Likelihood ratios and odds
ratios were calculated as described by Knottnerus [9].

3. Results

3.1. sediMAX precision and linearity

Within-run imprecision of the sediMAX was evaluated by
analysing different urinary concentration levels of RBC and WBC
20 times. The precision profiles are shown in Fig. 1a. The impreci-
sion (CV) for RBCwas 17.8% for amean concentration of 7×E6/L and it
dropped to 6.7% for a mean concentration of 447×E6/L. For WBC, the
within-run CV was 16.6% at the mean concentration of 4×E6/L and it
fell to 4.4% for the mean WBC counts of 258×E6/L.

For between-run imprecision two different count levels of fixed
RBC and WBC were analysed in duplicate over twelve days. For RBC,
the between-day CV was 7.2% at mean RBC count of 283×E6/L and it
was 14.7% for the mean RBC of 30×E6/L. The CVs of 5.4% and 3.0% at
the respective mean WBC counts of 25×E6/L and 166×E6/L were
excellent.

Both RBC and WBC showed good linearity between 10×E6 to
1000×E6 and 5×E6 to 800×E6 cells/L (Fig. 1b) with the following
regression equations and squares of coefficients of correlation:
Y=0.82X+22 (R2 0.99) for RBC and Y=1.12X−11 (R2 0.97) for
WBC (X is the expected countxE6/L).

3.2. Method comparison

For study I, a total of 1030 samples were analysed. Of these 120
were excluded; 60 because of cuvette problems on the sediMAX (29
samples), incomplete data (not necessarily from the sediMAX, 15
samples) or the bar-code was not read by the sediMAX (16 samples).
Another 60 samples, with very high particle density, were excluded
for being flagged by the sediMAX as “crowded”. Thus 910 samples
(n1) were taken up in the final data processing. The cuvette and the
bar-code reader problems have long been resolved.



Fig. 2. Box–whisker plots comparing phase-contrast microscopy and sediMAX results
(of study I) for RBC (a) and WBC (b). n=910; IQR is interquartile range.
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In study II 1238 samples were analysed. Five samples were
excluded because of being flagged as “crowded” leaving (n2) 1233 for
this study.

A possible explanation for the large difference in the number of
crowded samples between the two studies could be that while the
samples for study II originated only from patients with renal disease,
for study I the samples came from a wide range of pathological
conditions.

3.2.1. Visual microscopy versus sediMAX — study I results (n=910)
Visual microscopic counting has poorer precision than machine

counting [10–12] — this is particularly true when high numbers
of particles are present. This is why, in study I, when the number
of particles was greater than 200×E6, the result was given as
N200×E6/L. Furthermore even when the results are expressed as
n×E6/L, the clinical interpretation is categorical. For this reason
quantitative sediMAX and categorical group of visual microscopy are
shown as box–whisker plots (Figs. 2 and 3). There is a good
correlation between sediMAX and visual microscopy results for RBC
(Fig. 2a) and WBC (Fig. 2b) with Spearman correlation (rS) of 0.77
(95% CI 0.75–0.80) and 0.86 (0.84–0.88) respectively and ρb0.001), a
quite good relation for squamous epithelial cells (Fig. 3b) with rS of
0.65 (95% CI 0.61–0.69), a moderate one for yeast with rS of 0.41 (95%
CI 0.35–0.46) and a reasonable one for NEC (Fig. 3a), CaOx, hyaline
casts and pathological casts with respective rS of 0.35 (95% CI 0.29–
0.41), 0.23 (95% CI 0.16–0.29), and 0.30 (0.24–0.35). Manual editing of
the first three sediMAX images of each of 418 samples of the study I
significantly improved the Spearman correlation values for yeast (to
0.95 (95% CI 0.94–0.96)), CaOx (to 0.70 (95% CI 0.65–0.75)), hyaline
(to 0.58 (95% CI 0.51–0.64)) and pathological casts (to 0.46 (95% CI
0.38–0.53)).

The correlations between the visual microscopy and the sediMAX
results are better for RBC, WBC and squamous epithelial cells than for
the other particles. One reason for this is that the true positive
proportion of the latter particles, in both the whole of study I and in
the edited samples, is much smaller than those of RBC, WBC and
squamous epithelial cells (Tables 1 and 3).

3.3. Diagnostic performance

The ability of sediMAX to identify correctly urine samples with
normal or abnormal number of formed elements compared with
phase-contrast visual microscopy is shown in Table 1.

The two studies gave partially similar results. Sensitivities for all
elements except pathological casts are ≥80% in one or both studies.
Positive predictive values are nearly 90% for RBC and WBC which are
most frequently occurring particles. The linear weighted kappa (κ) for
both studies revealed substantial level of agreement between the
sediMAX and the visual microscopy results for RBC, WBC and
squamous epithelial cells, a moderate level of agreement for yeast
(the later was not included in study II) and NEC in study I, and a fair
level of agreement for CaOx, pathological casts and hyaline casts
(Table 1). The poorer level of agreement between the sediMAX and
the visual microscopy results of NEC in study II (κ value being 0.16)
and the significant differences in the diagnostic sensitivities and
specificities of the two studies may be due to the fact that cut-off
limits in the two studies were different and as a result the false
positive proportion of NEC samples in study II was much higher (521/
1233) than in study I (93/910). On the other hand the number of false
negatives in study I was higher than (68/910) that in study II (16/
1233). Similarly, disparity in the sensitivities and specificities of the
two studies for hyaline casts could be explained by the very low true
positive proportion of study I (43/910 versus 558/1233 of study II)
and higher false positive proportion of study II (266/1233 versus 107/
910 of study I).
The likelihood ratio of positive results is above or near (for NEC it
is 9) the clinically conclusive value of 10 (13) for all the parameters
except for pathological casts in both studies and bacteria in study I
(bacteria were not included in study II).

The receiver-operating characteristics (ROC) for the unedited data
of the two studies are shown in Table 2. It was found that the sediMAX
classification of RBC, WBC, squamous epithelial cells and CaOx was
highly accurate, the AUC being N90% in one or both studies. sediMAX
was much better than the Sysmex UF-100 for the identifications of
NEC, squamous epithelial cells, CaOx crystals but only slightly better
than Sysmex UF-100 for RBC and WBC (Table 2).

Three images (out of 15) of each of 418 samples (out of 910) from
study I were manually reviewed by an expert and where necessary
the results were modified (edited). The effect of editing on the
diagnostic performance characteristics is shown in Table 3. The



Fig. 3. Box–whisker plots comparing phase-contrast microscopy and sediMAX results
(of study I) for non-squamous epithelial cells (NEC) (a) and squamous epithelial cells
(b). n=910; IQR is interquartile range.

Table 1
Diagnostic performance characteristics of sediMAX.

TP TN % Sensitivity % Specificity

Particle Study I Study II Study I Study II Study I Study II Study I Study

RBC 495 539 224 467 81 87 76 76
WBC 497 404 272 601 87 92 81 76
NEC 82 126 667 570 52 89 91 52
Epi 154 358 675 648 86 85 93 80
Yeast 65 − 713 − 74 − 87 −
CaOx 27 30 753 1010 82 79 86 85
Path casts 61 445 658 304 47 76 84 41
Hyal casts 43 558 724 277 71 81 85 51
Bacteria 325 − 293 − 75 − 61 −

n=910 for study I and n=1233 for study II. Yeast and bacteria were not included in study
negative predictive values respectively.

Table 2
Diagnostic accuracy with receiver-operating characteristic (ROC) curve analysis for
study I and study II.

% Area under the (ROC) curve (95% CI)

Study I (n=910) Study II (n=1233)

Particle sediMAX UF-100 sediMAX

RBC 82 (79–85) 78 (74–83) 91 (89–92)
WBC 92 (91–94) 84 (80–88) 93 (92–95)
NEC 73 (68–77) 50 (42–59) 77 (73–81)
Sq Epia 94 (92–96) 53 (46–59) 88 (86–90)
Yeast 88 (84–92) 89 (84–94) −
CaOx 91 (85–96) 53 (37–69) 89 (83–96)
Path castsa 73 (68–78) 66 (58–74) 65 (62–68)
Hyal castsa 74 (72–76) − 73 (70–76)

a Sq Epi= squamous epithelial cells, Path casts = pathological casts and hyal casts=
hyaline casts.
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editing improved the sensitivities of all the elements except RBC,WBC
and pathological casts.

The sensitivities of RBC andWBC fell by 3% after editing and that of
pathological casts by 25%. In each of these cases editing had led to a
decrease in true positives. While editing improved the specificities
substantially for the RBC, CaOx and pathological casts and significantly
for WBC and yeast, the specificities of NEC and squamous epithelial
cells were slightly decreased. After editing, the odds of a positive
result being true positive were considerably enhanced for all particles
except NEC which was only marginally increased. That the editing
improved the accuracy of particle identification could also be seen
from the areas under the ROC curves (Table 3).
3.4. Limitations of image recognition by sediMAX

3.4.1. RBC and WBC
The sediMAX recognition of the erythrocytes is reliable except

when conidia or budding yeast cells are present. In these situations
the sediMAX mis-identifies some of the individual yeast cells and the
budding yeast cells as RBC. On-screen review (prompted by cross-
checking of the sediMAX results for RBC and WBC against haemoglo-
bin and leukocyte esterase detected by a urine strip reader) of the
stored sediMAX images would resolve this problem.

In conjunction with the on-board zoom function, it is possible to
differentiate isomorphic and dysmorphic RBC.

Occasionally tubular epithelial cells look very similar to WBC and
the sediMAX may mistake the former for the latter. We have found
that UF-100 shows exactly the same limitations with respect to RBC
and WBC.
% PPV % NPV Linear weighted Odds ratios

II Study I Study II Study I Study II Study I Study II Study I Study II

87 79 65 85 0.65 0.68 12.9 21.2
89 68 78 95 0.72 0.69 27.6 36.4
53 19 91 97 0.41 0.16 10.7 8.8
74 69 96 91 0.67 0.62 73.3 22.7
37 − 97 − 0.46 − 18.5 −
18 14 99 99 0.24 0.21 27.4 21.3
33 57 91 68 0.26 0.22 4.9 2.8
20 68 98 68 0.29 0.33 14.0 4.4
64 − 73 − 0.37 − 4.7 −

II. TP, TN, PPV and NPV are true positive, true negative, positive predictive values and



Table 3
Effect of manual editing of sediMAX results on the diagnostic performance characteristics.

Uned Ed Sens (%) Spec (%) PPV (%) NPV (%) Odds ratio % AUC (95% CI)

Particle TP TN TP TN Uned Ed Uned Ed Uned Ed Uned Ed Uned Ed Uned Ed

RBC 193 111 176 167 73 70 73 95 83 96 60.3 64 7.16 48.16 76 (11–81) 87 (84–90)
WBC 180 143 167 176 76 73 79.4 90 83 91 71.1 72 11.94 24.46 86 (83–90) 89 (86–92)
NEC 24 320 67 272 69 83 83.6 75 28 23 96.7 98 11.14 14.31 79 (71–87) 82 (73–90)
Sq Epi 78 307 80 301 77 89 97.2 94 90 83 92.7 96 113.01 129.40 96 (94–99) 96 (94–98)
Yeast 40 317 42 315 57 99 91.1 99 56 93 91.4 100 13.62 4960 79 (72–85) 100 (99–100)
CaOx 11 325 18 323 79 93 80.4 98 12 57 99.1 100 15.07 510.30 91 (85–97) 95 (88–100)
Path cast 26 205 21 213 65 40 54.2 97 13 59 93.6 94 2.20 22.32 65 (56–75) 69 (61–77)
Hyal casts 13 339 41 302 62 91 85.4 83 18 22 97.7 99 9.50 46.84 72 (62–83) 94 (87–100)

First 3 images of each of 418 sample (out of 910 of study I) were edited andwhere necessary sediMAX-assigned classificationwanwasmodified (edited). Sens, Spec, TP, TN, PPV, NPV
and AUC are sensitivity, specificity, true positive, true negative, positive predictive values, negative predictive values and area under the curve respectively. Uned= unedited results,
ed = edited results, Sq epi = squamous epithelial cells, CaOx = calcium-oxalate crystals, Path casts = pathological casts, and Hyal casts = hyaline casts.
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3.4.2. Non-squamous epithelial cells
See comments for WBC.

3.4.3. Pathological and hyaline casts
Identification of hyaline and pathological casts is acceptable but

needs improvement. Sometimes when a squamous epithelial cell is
wholly or partially folded over itself, it is mistaken for a pathological
cylinder. This problem may be corrected by review of the stored
sediMAX images. Since the sediMAX employs bright-fieldmicroscopy,
its images do not allow differentiation of haemoglobin, myoglobin
and/or bilirubin casts.

3.4.4. Crystals
Although the system identifies calcium-oxalate, typical urate, and

triple phosphate crystals fairly well, more work is needed to improve
the detection of crystals and amorphous precipitates.

3.4.5. Yeast
The sediMAX identifies the mycelia/hyphae very well but it

confuses the conidia and budding yeast cells with RBC.

3.4.6. Bacteria
The presence of bacteria— rods and cocci— is detected and reported

categorically as 1+, 2+,… While the rods are practically always
correctly identified, detection of cocci presents problems when
excessive amount of cell debris or amorphous precipitate is present.

3.4.7. Particle counting
Although software version 5 gives correct diagnostic classification

(mild, moderate, severe etc), it does not always count all the particles
present in an image. This under-estimation occurs particularly when
the particle count is high. This, rather than the particle loss during
sample processing (for example, centrifugation) in the sediMAX,
explains the lower sediMAX counts, in comparison with phase-
contrast microscopy, in Figs. 1b and 2a. This problem of under
counting has been addressed in software version 6.

3.5. Sample carry-over

Since sediMAX uses unique single-use counting chamber and
requires no reagents for urine analysis, only samples carry-over by the
sampling probeweremeasured. The sample carry-over is a function of
the stickiness of the sampling probe and the number of particles
present in the sample. Only three particles, namely RBC, WBC and
bacteria, are likely to be present in high numbers in the urine sample.
Therefore carry-over was determined only for these particles. After
10 consecutive repetitions for each particle, it was found that from
samples with immeasurably high counts, a mean of − (minus)
0.07×E6 RBC/L, 0 WBC/L and 0.04 bacterial CFU/ml were carried over
to the blanks. From this data it was concluded that there is complete
absence of sample carry-over on the sediMAX.

4. Discussion

sediMAX is a new walk-away automated urine sediment analyser
for identification and counting of bright-field digital images of the
formed elements in urine. It can be connected to a urine strip
chemistry analyser to provide an integrated chemical andmicroscopic
urinalysis workstation.

In method comparison studies it is important that analyte
concentrations are distributed along the whole measurement range of
the analyte. Predominance of some and/or absence of other concentra-
tion levels distorts the correlation. A good distribution of the urinary
particle concentrations along theentire spanwas achievable for RBC and
WBC, a reasonable one for squamous epithelial cells and yeast, while for
non-squamous epithelial cells, calcium-oxalate crystals, hyaline and
pathological casts, normal concentrations predominated over patho-
logical ones. This can be observed in box–whisker plots showing good
linear correlation for RBC and WBC and moderate to fair linear relation
for other particles (Figs. 2 and 3) and it is also reflected in the strength of
spearman correlation between the sediMAX and visual microscopy
results.However enhancements in the correlations, aftermanual editing
byanexperiencedperson, for yeast, CaOx,hyaline casts andpathological
casts suggest that there is still considerable scope for improvement in
the sedimax recognition software.

Despite the fact that differences in the results of the study I and
study II were to be expected because the prevalence of abnormalities,
procedures and the cut-offs for normality were not the same, the
results of the two studies are remarkably similar. The sediMAX is well
able to detect and accurately classify the most frequently occurring
particles — RBC, WBC and squamous epithelial cells — with
sensitivities and specificities N80% in one or both studies (Table 1).
Editing of 418 samples (from study I) raised the specificities to ≥90%
(Table 3). This degree of accuracy was also underlined by the areas
under the ROC curves of 82–94% for these particles (Table 2). As for
the other particles, sensitivities were ≥80%, except for pathological
casts and yeast (the latter was not taken up in study II), and
specificities for all were ≥80% (Table 1).

Manual editing of 418 samples out of study I significantly or
substantially increased the sensitivities for all particles except RBC,
WBC and pathological casts. In case of RBC andWBC, the editing led to
a small (3%) drop in sensitivities of these particles and a significant
decrease (25%) in the sensitivity for pathological casts. In all three
cases, the post-editing decrease was caused by a corresponding drop
in the true positives. The changes in the sensitivities and specificities
brought about by the editing are best seen in the magnitude of
improvement in the odds ratios (i.e. the chance of a positive result
being really positive) which had climbed above the clinically
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conclusive level of 10 [13] and areas under the ROC curves (Table 3)
which were N80% for all parameters except pathological casts.

The performance of sediMAX is to be compared and contrasted
with that of its two competitors, namely Sysmex UF-100 or UF-1000i
and Iris iQ200. The Sysmex UF-100 (or UF-1000i), being a flow
cytometer, classifies the urinary particles on the basis of their physical
dimension and the nature and texture of the internal contents. It
forms or stores no images of the particles it examines. Therefore
the only way of reviewing the results generated by the flow cytometer
is to examine the urine sample(s) manually under a microscope.
The diagnostic performance of the Sysmex UF-100 for RBC and WBC
is comparable to that of sediMAX (Table 2). The presence of other
analytes such as pathological casts, non-squamous epithelial cells,
yeast and crystals, is merely flagged by the UF-100. The flagged
sample(s) need to be reviewed under a visual microscope for mor-
phological differentiation and confirmation of the particles. The
performance of the sediMAX for most of these analytes is better
than that of the UF-100 (Table 2).

Despite the initial assertions by the manufacturer to the contrary,
the UF-100 cannot reliably be used for the morphological differen-
tiation of RBC into isomorphic and dysmorphic cells [3]. This is
reflected in the fact that the terms isomorphic and dysmorphic were
replaced, later and in current software, with normocytic and mi-
crocytic respectively and morphologic information about RBC is now
displayed as “normocytic?, microcytic? and/or mixed”. And it is
recommended that the user verifies this by visual microscopy. On the
other hand, the stored sediMAX images do permit evaluation of the
RBC morphology by a trained person.

The IRIS iQ200 is adigital image-basedanalyser for identification and
quantification of cells and particles in urine. It is able to detect and
classify erythrocytes, leukocytes and squamous epithelial cells [14–16].
For other elements in urine it is recommended that iQ200 images are
reviewed on-screen by a trained person to make a definitive diagnosis.
Thus, after on-screen review, performednot by the laboratorypersonnel
but by the IRIS Corporation expert, Linko et al. [15] have claimed
significant post-review improvements in the iQ200 results. However,
on-screen reclassification of the iQ200 images is not corroborated by
Lamchiagdhase et al. [16] who recommend that the presence of casts,
crystals, bacteria and budding yeast needs further characterization
under a visual microscope. Based on personal experiences, we (GBF
and ZZ) concur with Lamchiagdhase et al. [16] and we would add non-
squamous epithelial cells to their list.

Within-run and between-run imprecisions of the sediMAX for RBC
andWBC are excellent at high concentrations. Even at low cell counts
within-run CV of 17.8% for 7×E6 RBC/L and 16.6% for 4×E6 WBC/L
and between-run CV of 14.7% for 30×E6 RBC/L and 5.4% for 25×E6
WBC/L are much better than those reported for iQ200 [15,17].
Linearity for RBC and WBC is also very good.

After further improvements in particle recognition and the replace-
ment of the bright-field microscope with a phase-contrast microscope
the quality of the sediMAX images might begin to approach that of
the visual phase-contrast microscope. For the present, however, the
sediMAX, due to some limitations in its particle identifications, should
ideally be used in conjunctionwith an automated urine strip reader and
with an expert system of the kind described for Sysmex UF-100 [3,18].
Thus cross-checks of the sediMAX and strip reader results (RBC versus
haemoglobin, WBC versus leukocyte esterase, pathological casts versus
proteinuria and may be bacteria versus nitrite) would intercept the
sediMAX identification mistakes and flag them for manual on-screen
review. The results for which there is a concordance between sediMAX
and the strip reader data, could be automatically validated and released.
A preliminary simple examination of the study I data revealed that
there was 75% and 78% concordance between the urine strip and the
sediMAX results for RBC and WBC respectively. In other words 22–
25% samples would have required manual on-screen review. This
compared with the 31–33% reviews for the UF-100 (ZZ, own data).
Others, using their own review rules, have reportedmanual reviewrates
ranging from 6% to 35% [19]. No such data is available for the iQ200.

In conclusion, although technical and software improvements are
still needed, sediMAXwith its current software (version 5) is well able
to recognize and count RBC, WBC, and squamous epithelial cells and
has acceptable performance for the other particles. By combining it
with an automated urine strip reader and expert interpretation rules
sediMAXwould yield a substantial reduction in the number of manual
on-screen reviews and hence a considerable saving of analysis-time/
sample. However, it is not able to replace a properly trained medical
technologist or the phase-contrast microscope.

Note: During the preparation of this article the manufacturer of
the sediMAX has launched a new software version (version 6) with
improved quantitative counting of RBC and WBC. Initial results in-
dicate that the version 6 would improve precision, linearity and
method comparisons.
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Glossary

AUC: area under the curve
BAC: bacteria
CaOx: calcium-oxalate crystals
CI: confidence interval
CRY: crystals
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hpf: high power field
Hyal: hyaline cast
IQR: interquartile range
lpf: low power field
MUC: mucous
NEC: non-squamous epithelial cells
Path: pathological cast
RBC: red blood cells
ROC: receiver-operating characteristic
sq epi/epi: squamous epithelial cells
Uri: uric acid crystals
WBC: white blood cells
YEA: yeast
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