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A B S T R A C T   

Objectives: The aim of this study was to evaluate the logistics and diagnostic performances of dipstick analyses 
compared to their counterpart central laboratory analyses for detection of bacteriuria, proteinuria, hypergly-
cemia, ketosis and hematuria. 
Design and methods: Urine dipstick results, urine culture results, flow cytometric cell counts, U-albumin-to- 
creatinine ratio, P-glucose and P-beta-hydroxybutyrate were retrospectively reviewed in a cohort of consecutive 
patients admitted to the medical emergency departments of two Danish hospitals. Sensitivity, specificity and 
predictive values of traditional dipstick analysis were estimated and dipstick was compared to flow cytometry for 
detection of significant bacteriuria using logistic regression. Turn-around-time for central laboratory analyses 
were assessed. 
Results: For each comparison, 1,997 patients or more were included. Traditional dipstick analyses for proteinuria, 
bacteriuria and ketosis reached sensitivities of up to 90%, while sensitivity for hyperglycemia was 59%. Flow 
cytometry outperformed traditional dipstick analysis for detection of bacteriuria with a difference in the area 
under the ROC-curve of 0.07. Turn-around-times for 95% delivery of central laboratory analysis results ranged 
from approximately 1½ to 2 h. 
Conclusions: For the detection of bacteriuria and albuminuria, central laboratory analyses reach better perfor-
mance than dipstick analysis while achieving acceptable turn-around-times and are thus viable alternatives to 
dipstick analysis. For detection of ketosis and hyperglycemia, dipstick analysis does not perform adequately, but 
as very short turn-around-time is often required, these conditions may be best diagnosed by point-of-care blood 
test rather than dipstick or central laboratory analyses. Dipstick hemoglobin analysis, flow cytometry and 
microscopic evaluation may serve each their distinct purposes, and thus are relevant in the emergency 
department.   

1. Introduction 

Dipstick analyses for protein, glucose, ketones, hemoglobin and 
markers of bacteriuria are commonly used in the emergency 

departments for screening, and in some cases directly for diagnosis as is 
for instance the case in ketoacidosis [1]. Dipstick results are generally 
inexpensive, multiple results can be obtained simultaneously and the 
turn-around-time (TAT) can be as short as a few minutes, when the 

Abbreviations: TAT, turn-around-time; POCT, point-of-care-test; QC, Quality Control; C-lab, Central laboratory; BHB, beta hydroxybutyrate; ACR, albumin-to- 
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true positive; FP, false positive; TN, true negative; FN, false negative; AUC, area under the curve; RBC, red blood cells; UTI, urinary tract infection. 
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analysis is performed as a point-of-care-test (POCT). 
Dipstick analysis, however, also has drawbacks. It can be difficult to 

ensure standardized performance when performed as POCT, and con-
ducted by varying personnel. This is especially so in the case of manual 
reading [2]. Quality control (QC) can be time consuming, when moni-
toring many readers at different locations. Even overcoming this, the 
performance of dipstick analysis may not be sufficient for clinical 
decision-making [3] and no robust studies have investigated the benefits 
and harms to patients of screening using dipstick analysis [4], which 
therefore remains largely undocumented. This may also be the reason 
why clinical guidelines fail to effectively address urine dipstick 
screening [5], leaving clinicians to determine their practices by 
themselves. 

For all of the aforementioned dipstick analyses, central laboratory 
(C-lab) counterpart analyses exist, which in some cases may provide 
more accurate screening or even final diagnostic results, but often with 
longer TATs. However, TATs for C-lab analyses have been falling, due to 
automation, pneumatic tube transportation of samples and optimized 
logistics in general [6–9]. This warrants a new look at the balance of 
advantages and disadvantages between dipstick POCT and its C-lab 
counterpart analyses. 

In this study, the performance and logistics of dipstick analysis and 
its C-lab counterparts for detecting bacteriuria, proteinuria, hypergly-
cemia, ketosis and hematuria were evaluated and compared in an 
emergency department setting. 

Data from C-lab and dipstick POCT urine analysis on all patients 
admitted to the medical emergency departments of two Danish hospitals 
within a 7-month period were retrospectively assessed. TATs, correla-
tions and diagnostic performances of the analyses were evaluated and 
the advantages and disadvantages of different urine test strategies were 
reviewed. 

2. Materials and methods 

2.1. Study design 

From August 31st 2020 to April 6th 2021, all patients seen at the 
medical emergency departments of Vejle and Kolding Hospitals had the 
same basic blood analyses performed at arrival. The departments receive 
patients at the age of 16 years or above with presumed medical condi-
tions. The blood analyses included plasma beta-hydroxybutyrate (BHB) 
and glucose measurement. Additional analyses were available as 
needed. Further, the departments were encouraged to send aliquotes of 
urine for flow cytometry and albumin-to-creatinine ratio (ACR) deter-
mination, when urine was collected for any purpose. In this paper, the 
results of urine dipstick analyses in the cohort as well as the P-glucose, P- 
BHB, U-ACR and flow cytometry results matching these dipstick ana-
lyses were retrospectively reviewed. 

For detection of bacteriuria, dipstick analyses were compared to flow 
cytometry and evaluated using urine culture (current gold standard 
[10]) as the reference standard. For proteinuria detection, dipstick was 
compared to ACR, which is the preferred initial test for proteinuria [11]. 
For detection of hyperglycemia and ketosis, dipstick results were 
compared to plasma analyses as these are the preferred tests for diag-
nosis [1]. For detection of hematuria, dipstick was compared to flow 
cytometry though no clear hierarchy between the tests exist and results 
using microscopy, which is often considered the gold standard [10], 
were not available. 

All dipstick analysis results within the cohort were included. Samples 
were excluded differentially into individual datasets for each evaluation. 
Samples were excluded when essential data was missing. Flow cytom-
etry results were excluded in case of more than two hours from sampling 
to analysis. 

For failure rate and TAT-analysis, all results from relevant analyses 
within the cohort were included. Samples with clearly erroneous 
registration of sampling time (if sampled after registered delivery of 

result) were excluded. 
See Table 1 for required input for each dataset and Supplemental 

material 1 Figs. S1 and S2 for exclusion flow charts. 

2.2. Sample collection and transport 

Urine was collected in clean sample cups and aliquoted into tubes 
without preservatives for culture (Sterile Urine Monovette, 10 mL, 
Sarstedt, Nümbrecht, Germany), ACR and flow cytometry (two Vacuette 
urine tubes, 3 mL, Greiner Bio-One GmbH, Kremsmünster, Austria) 
before dipstick analysis. 

Blood samples were collected in 4 mL sample tubes (Vacuette FCmix 
(for glucose) and Vacuette Lithium-heparin (for BHB), Greiner Bio-One 
GmbH, Kremsmünster, Austria). 

Samples for culture were refrigerated and courier transported to the 
microbiology laboratory. Samples for glucose, BHB, ACR and flow 
cytometry were sent by pneumatic tube system (Tempus 600, Sarstedt 
Aps, Bording, Denmark) and were received by the GLP transport track 
(GLP Systems, Hamburg, Germany) in the C-lab. Samples for flow 
cytometry were manually transferred to the instrument, while all other 
samples were handled automatically. 

Operators performing C-lab analyses were blinded to dipstick results 
and vice versa. Nurses performing dipstick analysis had access to clinical 
patient information. 

2.3. Urine dipstick analysis 

Dipstick analysis was performed using Multistix 7 (Siemens Health-
care GmbH, Erlangen, Germany) and read on the Clinitek Status 
(Siemens Healthcare GmbH (formerly Bayer), Erlangen, Germany). 
Analyses were performed according to manufacturer’s instructions by 
emergency department nurses. 

2.4. Central laboratory analyses 

Urine albumin (ALBT2 assay), urine creatinine (CREP2 assay) and 
plasma glucose (GLUC3 assay) were analyzed on the Cobas8000 system 
(Roche, Basel, Switzerland) using Roche reagents. Plasma BHB was 
analysed on the Cobas8000 system using the Ranbut D-3-hydrox-
ybutyrate assay (Randox Laboratories Ltd. Crumlin, UK). 

Flow cytometric analyses were performed using the UF-5000 (Sys-
mex Corporation, Kobe, Japan). 

2.5. Urine culture 

Specimens were inoculated using the Walk Away Specimen Proces-
sor (WASP®) (Copan Italia S.p.A, Brescia, Italy) and a 1 µL loop (Copan) 
and CHROMID® CPS® Elite/Columbia CNA + 5 % sheep blood biplate 
(Biomérieux, Ballerup, Denmark). 

A culture result represented significant growth in case of 

Table 1 
Characteristics of each dataset. UF = UF-5000 analysis, WBC = white blood 
cells, BHB = beta-hydroxybutyrate, RBC = red blood cells.  

Dataset N Males/ 
Females % 

Age in years 
median 
(range) 

Required input 

Bacteriuria 1997 48.4/51.6 75 (18–101) Dipstick leukocytes, 
dipstick nitrite, UF 
bacteria, UF WBC 

Protein 3289 48.7/51.3 73 (18–104) Dipstick protein, U- 
albumin, U-creatinine 

Glucose 2262 49.7/50.3 71 (16–101) Dipstick glucose, P- 
glucose 

Ketones 2206 49.9/50.1 72 (16–101) Dipstick ketones, P-BHB 
Hematuria 3212 49.4/50.6 73 (18–104) Dipstick hemoglobin, UF 

RBC  
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monoculture of a primary pathogen of >= 10^4 CFU/mL or a secondary 
pathogen of >= 10^5 CFU/mL. In addition, a primary pathogen of 
>=10^5 CFU/mL in biculture was also considered significant. See Sup-
plemental material 1 Section 2 for details. 

2.6. Ethics and approval 

The project was approved as a quality assurance and development 
project by the Health Authorities of the Region of Southern Denmark, 
and as such, under Danish law, did not require patient consent. Patients 
were given written information about the project upon arrival at the 
emergency department, and could refuse participation. 

Since the study was performed retrospectively, no adverse effects for 
participating patients were anticipated and the study was conducted in 
compliance with the Helsinki declaration as well as the Recommenda-
tions for the Conduct, Reporting, Editing, and Publication of Scholarly 
Work in Medical Journals. 

2.7. Statistical analysis 

All statistical processing was performed using SAS EG 7.1 (SAS 
institute, Cary, USA). 

As urine samples received their unique identifiers after division into 
aliquots and no unique identifier was available for the original whole 
sample, analysis results were matched to each other using a unique 
person identifier and time of sampling registered by the nurse. Regis-
tered sampling time within one hour was considered a match, as long as 
there was only one possible match. In case of multiple blood to urine 
sample matches, the closest matching blood sample was selected. 

Demographic difference between selected and excluded samples 
were assessed using chi squared test or t-test as appropriate. Correlations 
between C-lab and dipstick results were assessed using spearman cor-
relation and visualized using box-and-whiskers-plots. 

For determining diagnostic performance of dipstick parameters, 
sensitivity, specificity, positive predictive values (PPV) and negative 
predictive values (NPV) were calculated for all possible individual cut- 
off levels as well as for nitrite or leucocyte positivity collectively. 

For these calculations microalbuminuria and macroalbuminuria 
were defined as ACR >=30 mg/g and >= 300 mg/g corresponding to 
“moderately increased” and “severely increased” albuminuria respec-
tively [11]. Hyperglycemia was defined as P-glucose >=10 mmol/L, this 
being the level at which insulin treatment is recommended in a hospital 
setting [12]. Ketosis was defined as P-BHB >= 3 mmol/L [1] and 
bacteriuria was defined as described under urine culture. Diagnostic 
performance of dipstick hemoglobin measurement could not be evalu-
ated due to lack of a hierarchically higher order analysis. 

For detection of bacteriuria, logistic regression was used to deter-
mine and compare diagnostic potential of combinations of variables. 
Based on the literature, models containing bacteria, white blood cells 
(WBC), yeast like cells (YLC), squamous epithelial cells (SQEC) and in-
teractions between them were evaluated. Using cross validation, an 
optimal model using flow cytometry results was chosen based on ROC 
curves. Likewise, models containing dipstick nitrite, leucocytes, protein, 
hemoglobin and their interactions were evaluated and an optimal model 
was chosen. 

Using data partitioning (70 % for training, 30 % for testing) and 
ROC-curves, the two optimal models were compared to a model con-
taining only bacteria count and a model combining the input variables 
from the two optimal models. 

For exploratory purposes, a model containing all available UF-5000 
and dipstick information was also evaluated. 

For detailed information about the process, see Supplemental ma-
terial 1 Section 3. 

The percentage of C-lab analyses with failure to report a result was 
calculated. TATs for non-failed C-lab analyses were calculated as the 
time from sample collection (registered by the nurse or laboratory 

technician collecting the sample) to the result was delivered to the 
clinician (automatically registered by the laboratory information man-
agement system). 

SAS-code used for data processing can be found in Supplemental 
material 2. 

3. Results 

3.1. Sample characteristics 

During the inclusion period, 7,747 unique patients were registered, 
some of whom were admitted multiple times. Of these patients, 5,197 
had one or more dipstick result registered, while 2,550 had no dipstick 
results registered. 

A total of 9,060 separate dipstick-tests were identified. The exclusion 
flowchart can be seen in Supplemental material 1 Section 1. De-
mographics for each sample set are presented in Table 1, while number 
of cases and non-cases can be found in Table 2. Details regarding culture 
results, including list of pathogens, can be found in Supplemental ma-
terial 1 Section 4. 

No significant differences in male/female-ratio between the selected 
and excluded samples in each set were detected. Patients were on 
average older when selected for bacteriuria evaluation (2.7 years) and 
younger when selected for glucose or ketone evaluation (3.4 and 2.6 
years respectively) (p < 0.0001 in all cases). 

3.2. Correlations 

Dipstick results plotted against reference analyses as well as 
spearman correlation and the corresponding p-values are shown in 
Fig. 1. 

3.3. Diagnostic performances 

Table 2 shows diagnostic performances of dipstick analyses using the 
different possible cut-off values. 

Logistic regression modelling using the predefined UF-5000 flow 
cytometric parameters showed no significant increase in the overall AUC 
when adding either WBC (P = 0.12) or YLC (P = 0.45) to a model already 
containing bacteria count. Adding SQEC caused a small but statistically 
significant improvement in the AUC of 0.01 (see Fig. 2). The preferred 
UF-model hence included Bacteria and SQEC. 

When modelling using the dipstick results, adding hemoglobin re-
sults to a model already containing nitrite and leukocytes resulted in an 
improvement of the AUC of an estimated 0.08 (P < 0.0001). Further 
adding protein to this model increased the AUC by only 0.007 (P <
0.0001) and adding the interaction terms did not improve the model 
further. Hence, the preferred dipstick model included nitrite, leucocytes 
and hemoglobin. 

When comparing the dipstick, UF and combined models, the UF- 
model performed significantly better than the dipstick model. The 
model including the selected results from both the UF-5000 and dipstick 
analysis did not perform significantly different from the UF-model. ROC 
curves and comparison statistics for these models are given in Fig. 2. 

A model trained on all available UF-5000 parameters showed no 
statistical improvement over the already defined UF-model containing 
bacteria and SQEC-counts (P = 0.17), while adding all interactions to 
the model resulted in errors due to complete data separation, and was 
not explored further. 

Classification tables of selected cut-off values for each model are 
available in Supplemental material 1 Section 5. 

3.4. Turn-around-times 

Of the included samples, failure to deliver a result occurred in 0.17 % 
of cases for ACR, 0.61 % of cases for p-glucose, 0.28 % for P-BHB and 
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3.81 % of cases for UF-5000 results (bacteria or RBC). 
Fig. 3 shows a graphical representation of TATs for non-failed C-lab 

analyses. 

4. Discussion 

In this study the correlations, diagnostic performances and turn- 
around-times of six dipstick screening parameters and their C-lab 
counterparts were investigated in the medical emergency wards of two 
Danish hospitals. 

4.1. Bacteriuria 

Regarding detection of significant bacteriuria, using flow cytometric 
measurements yielded an overall better prediction of culture results 
(AUC = 0.89) than using traditional dipstick analysis (AUC = 0.83), with 
an estimated difference in the AUC between the two methods of 0.07. 
Traditional interpretation of dipstick analysis with either leucocyte or 
nitrite positivity indicating a positive dipstick, however also yielded a 
moderate sensitivity of 83 %. These findings are in line with a recent 
study, finding similar sensitivity of traditional dipstick analysis and 
likewise concluding that flow cytometry has better sensitivity than 
dipstick analysis in detection of significant bacteriuria [13]. 

The vast majority of predictive power of the flow cytometric mea-
surements could be ascribed to the bacteria count. Adding squamous 
epithelial cells to the interpretation gave a slight improvement in the 
AUC of approximately 0.01 but also increased the complexity of inter-
pretation. Adding information about WBC, YLC and indeed adding in-
formation about all other metrics performed by the UF-5000 did not 
significantly improve predictive performance. Further, adding dipstick 
results to flow cytometry results did not improve performance. Thus, in 
screening for significant bacteriuria, the best single predictor was flow 
cytometric bacteria count, and the combination with other parameters 
including dipstick was of limited or no value. 

It can however not be ruled out that more sophisticated modelling 
methods including interaction terms could reveal complex, non-linear 
relationships not discovered in this analysis. 

Generally, other authors have similarly found bacteria count to be 
the single parameter with the best predictive powers for bacteriuria 
[13–18], while conclusions from these studies concerning the usefulness 
of additional information about WBC, YLC or SQEC have been con-
flicting, but generally not finding large improvements in diagnostic 
power. It is however important to note that some parameters, like WBC, 
may not predict culture result well, but could be useful for dis-
tinguishing true urinary tract infection (UTI) from asymptomatic 
bacteriuria [19,20], and future studies might profitably focus on this 

Table 2 
Diagnostic performance of dipstick given different cut-off values. TP = true positive FP = false positive FN = false negative TN = true negative.  

Target Dipstick cut-off Sensitivity Specificity Negative predictive 
value 

Positive predictive 
value 

FN FP TN TP 

Bacteriuria Leucocytes 1+ 0.78 
(0.74–0.81) 

0.66 
(0.63–0.68) 

0.88 (0.86–0.90) 0.47 (0.44–0.50) 124 495 941 437 

Bacteriuria Leucocytes 2+ 0.60 
(0.56–0.64) 

0.80 
(0.78–0.82) 

0.84 (0.82–0.86) 0.54 (0.50–0.58) 224 290 1146 337 

Bacteriuria Leucocytes 3+ 0.22 
(0.19–0.26) 

0.93 
(0.92–0.95) 

0.75 (0.73–0.77) 0.56 (0.50–0.63) 436 97 1339 125 

Bacteriuria Leucocytes 4+ 0.12 
(0.09–0.15) 

0.97 
(0.96–0.98) 

0.74 (0.72–0.76) 0.58 (0.49–0.67) 493 49 1387 68 

Bacteriuria Nitrite Positive 0.38 
(0.34–0.42) 

0.96 
(0.95–0.97) 

0.80 (0.78–0.82) 0.77 (0.72–0.82) 348 63 1373 213 

Bacteriuria Nitrite or Leucocyte 
Positive 

0.83 
(0.80–0.86) 

0.64 
(0.62–0.67) 

0.91 (0.89–0.92) 0.48 (0.44–0.51) 96 512 924 465 

Microalbuminuria Protein 1+ 0.93 
(0.91–0.96) 

0.61 
(0.59–0.63) 

0.98 (0.98–0.99) 0.27 (0.25–0.29) 29 1118 1730 412 

Microalbuminuria Protein 2+ 0.80 
(0.76–0.83) 

0.84 
(0.83–0.86) 

0.96 (0.96–0.97) 0.44 (0.41–0.48) 90 444 2404 351 

Microalbuminuria Protein 3+ 0.45 
(0.40–0.50) 

0.98 
(0.98–0.99) 

0.92 (0.91–0.93) 0.82 (0.77–0.87) 243 44 2804 198 

Microalbuminuria Protein 4+ 0.00 
(0.00–0.01) 

1.00 
(1.00–1.00) 

0.87 (0.85–0.88) 1.00 (1.00–1.00) 440 0 2848 1 

Macroalbuminuria Protein 1+ 1.00 
(1.00–1.00) 

0.54 
(0.53–0.56) 

1.00 (1.00–1.00) 0.03 (0.02–0.04) 0 1485 1759 45 

Macroalbuminuria Protein 2+ 0.96 
(0.90–1.00) 

0.77 
(0.75–0.78) 

1.00 (1.00–1.00) 0.05 (0.04–0.07) 2 752 2492 43 

Macroalbuminuria Protein 3+ 0.91 
(0.83–0.99) 

0.94 
(0.93–0.95) 

1.00 (1.00–1.00) 0.17 (0.12–0.22) 4 201 3043 41 

Macroalbuminuria Protein 4+ 0.00 
(0.00–0.00) 

1.00 
(1.00–1.00) 

0.99 (0.98–0.99) 0.00 (0.00–0.00) 45 1 3243 0 

Hyperglycemia Glucose 1+ 0.59 
(0.54–0.65) 

0.96 
(0.95–0.97) 

0.94 (0.93–0.95) 0.70 (0.65–0.76) 123 76 1883 180 

Hyperglycemia Glucose 2+ 0.48 
(0.42–0.53) 

0.98 
(0.98–0.99) 

0.92 (0.91–0.94) 0.83 (0.77–0.88) 158 30 1929 145 

Hyperglycemia Glucose 3+ 0.44 
(0.38–0.49) 

0.99 
(0.99–0.99) 

0.92 (0.91–0.93) 0.87 (0.82–0.92) 170 20 1939 133 

Hyperglycemia Glucose 4+ 0.20 
(0.16–0.25) 

0.99 
(0.99–1.00) 

0.89 (0.88–0.90) 0.86 (0.78–0.94) 242 10 1949 61 

Ketosis Ketones 1+ 0.90 
(0.71–1.00) 

0.78 
(0.76–0.80) 

1.00 (1.00–1.00) 0.02 (0.01–0.03) 1 479 1717 9 

Ketosis Ketones 2+ 0.80 
(0.55–1.00) 

0.88 
(0.87–0.89) 

1.00 (1.00–1.00) 0.03 (0.01–0.05) 2 262 1934 8 

Ketosis Ketones 3+ 0.50 
(0.19–0.81) 

0.95 
(0.94–0.96) 

1.00 (1.00–1.00) 0.05 (0.01–0.09) 5 102 2094 5 

Ketosis Ketones 4+ 0.10 
(0.00–0.29) 

0.99 
(0.98–0.99) 

1.00 (0.99–1.00) 0.03 (0.00–0.09) 9 32 2164 1  
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aspect. 
In the current setting, 95 % of flow cytometry results were delivered 

within 1½ hours from time of sample collection. Though this is likely 
slower than POCT dipstick analysis, it is clinically acceptable, as patients 
needing urgent treatment, will likely be patients needing broad- 
spectrum antibiotics regardless of flow cytometric results. By imple-
menting fully automatic handling of the samples within the lab, TAT 
could be shortened further. 

It should be kept in mind that the benefits and harm to patients due 
to screening for bacteriuria have not been established [4] and the use-
fulness of screening is debatable with widely differing opinions being 
expressed [21,22]. 

4.2. Proteinuria 

Dipstick protein results showed good correlation to urine albumin as 
measured in the central lab, with an R-value of 0.80. ACR is the 
preferred analysis for initial evaluation of proteinuria [11], and the 
dipstick sensitivity for microalbuminuria as determined by ACR when 
using 1 + as a cut-off value was 93 %, while the same cut-off was 100 % 
sensitive for macroalbuminuria. In the literature, conflicting results are 

reported. Some authors find sensitivities for microalbuminuria of mag-
nitudes similar to those reported here [23] while others, particularly in 
population screening, find sensitivities closer to 50 % [24,25]. More 
recent studies, evaluating various types of dipsticks with ACR- 
estimation, found sensitivities to be between 79 and 87 % [26–28] 
and in some cases even higher in specific populations [29]. Much of this 
variation may be due to differences in dipsticks used as well as popu-
lation differences. 

Patients with severe proteinuria will not be overlooked using 
dipstick as a first line analysis, but patients with a positive dipstick 
analysis would still need c-lab urine analysis for confirmation and better 
quantification of proteinuria and any patient with suspected protein-
uria, should have their urine analyzed by C-lab analysis to avoid over-
looking less severe proteinuria. Hence, in an emergency department 
setting, where C-lab analysis results are available within few hours from 
sample collection, as demonstrated here, prescreening with urine 
dipstick would be superfluous. 

4.3. Hyperglycemia 

Screening for hyperglycemia using urine dipstick analysis is 

Fig. 1. Dipstick results plotted against corresponding central laboratory analyses as box-and-whiskers plot. Box represents 25th and 75th quartiles. Line represents 
median. Diamond represents mean. Whiskers represent minima and maxima. N = number of samples. The box within each plot shows the spearman correlation 
statistics (R) and its associated P-value (P). 
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considered obsolete [5]. The poor performance demonstrated here, with 
a sensitivity for hyperglycemia of only 59 %, supports this. Ninety-five 
percent of C-lab glucose analyses had a TAT of<90 min, but this will 
often not be sufficiently fast for initial diagnosis. The wide availability of 
POCT blood glucose measurement, however, ensures short TATs of an 
analysis that is more relevant than urine dipstick. Urine dipstick glucose 
analysis thus has no place in an emergency department setting. 

4.4. Ketosis 

Dipstick ketone results showed modest correlation with plasma BHB 
measurement (R = 0.45), which was not unexpected given that the 
dipstick method primarily detects acetoacetic acid but not BHB [30], 
and urine and plasma concentrations of ketones can differ. The sensi-
tivity of dipstick analysis for detecting samples with P-BHB above 3 
mmol/L was estimated to be 90 % based on the 10 positive samples in 
the dataset. 

BHB is the main ketone in patients with diabetic or alcoholic 
ketoacidosis [1,31] and for diagnosis and monitoring of diabetic 

ketoacidosis blood/plasma/serum BHB-measurement is preferred over 
urine dipstick analysis [1,32]. These BHB-measurements are available as 
both C-lab and POCT analysis [32]. Further, a method for detecting 
urine BHB using a modified dipstick technique has been proposed [33]. 

General screening for ketoacidosis is clearly not relevant due to both 
the low prevalence of the condition in a general medical emergency 
population and the high false positive rate when screening by dipstick. 
Hence, dipstick ketone evaluation is only relevant for confirmation of 
ketosis in settings where timely BHB-measurement is not available. In 
the case of ketoacidosis, the TAT of 1½ hours for 95 % delivery of C-lab 
analysis reported here will be too long for initial diagnosis, and POCT 
blood BHB-measurement would thus be the preferred method, unless 
TAT for C-lab analysis can be reduced considerably. 

4.5. Hematuria 

The correlation between hemoglobin as measured by dipstick and 
RBC as measured by flow cytometry was modest (R = 0.54). The two 
analyses fundamentally measure different entities and previous 

Fig. 2. ROC curves for logistic regression models predicting significant growth in urine samples and their AUCs rounded to four decimal places. Table shows dif-
ferences in the AUC between models including 95 % confidence limits (CL) and p-values rounded to four decimal places. Bacteria-model = model containing only 
bacteria count. UF-model = model containing flow cytometric bacteria count and squamous epithelial cell count. Dipstick model = model containing dipstick 
leucocytes, nitrite and hemoglobin. UF + dipstick-model = model containing bacteria, squamous epithelial cells, dipstick leucocytes, nitrite and hemoglobin. 
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comparisons of correlation between flow cytometric RBC counts and 
dipstick hemoglobin results have yielded similar results [23]. 

The clinical reasons for evaluation of hematuria are diverse and 
conclusions regarding diagnostic accuracy of the different methodo-
logical options have been equally diverse. 

The American Urological Association, focusing mainly on malig-
nancy detection, recently argued that microscopic evaluation of hema-
turia should still be considered the reference standard, as evidence 
regarding accuracy of flow cytometry in this regard was insufficient and 
exact quantification was necessary [34]. 

In contrast, when used for assessing the likelihood of uncomplicated 
urethral stone, Minotti et al. found that dipstick evaluation was more 
sensitive for hematuria than microscopy and flow cytometry [35], 
possibly due to better resilience to diluted urine. They hence argued that 
dipstick analysis should be considered the gold standard in this context. 

Further, dipstick hemoglobin analysis is in some cases used for 
purposes other than hematuria detection e.g. detection of myoglobi-
nuria [36] or hemolysis/hemoglobinuria [37], though this will likely be 
most relevant in resource-limited settings. 

Hence, comparing dipstick hemoglobin to C-lab analyses is not 
straight forward, as the relevant C-lab analysis will differ depending on 

clinical use. Dipstick and flow cytometric analyses could arguably give 
supplementing information as previously noted by Delanghe et al. [38]. 

Dipstick analysis for hemoglobin thus still has a place in the emer-
gency department, though the extent will depend on the patient popu-
lation and the availability of relevant alternative analyses. 

4.6. General considerations 

Given the way samples were included, selection biases may have 
occurred and this may account for the difference in age between selected 
and excluded samples observed in some datasets. 

For instance, inclusion into datasets for hyperglycemia and ketosis 
required a patient to deliver a urine sample within one hour of the blood 
sampling, which could disproportionately exclude certain patients. 
Further, inclusion into the cohort to begin with, required a urine sample 
to have been taken, which may generally be more relevant in older 
rather than younger patients, which may thus account for the high 
median age of study participants. 

Presumably, urine culture was preferentially ordered in cases of 
suspected UTI and hence the dataset for bacteriuria detection likely 
represents mostly patients with symptoms of UTI or general infection, 

Fig. 3. Turn-around-time for central laboratory analyses based on all non-failed results. Turn-around-time calculated as time from sample collection to delivery of 
result to the clinician. 
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which is in fact the population of interest. For the other datasets, how-
ever, the included population will not be comprised of patients sus-
pected of the target condition, but will likely be more representative of a 
situation with general screening of the entire medical emergency pop-
ulation. This of course influences the predictive values and limits the 
conclusions. 

When evaluating the dipstick results in this study, the results were 
considered in their semi quantitative form, the same way that they are 
predominantly being delivered to clinicians. Some authors have, how-
ever, argued that dipstick analysis may perform considerably better if 
the continuous raw data from the reader is used [39]. Conclusions 
reached therefore only apply to standard interpretation of dipstick re-
sults, and cannot be extended to cover continuous quantitative dipstick 
results. Conclusions are also limited to the specific type of dipstick used. 

This study evaluates performance, correlations and logistics of 
selected POCT and C-lab urine analyses but does not provide any evi-
dence regarding the direct effect on patient outcomes of either test 
strategy. As previously pointed out by Krogsbøll et al. [4], evidence 
regarding patient outcome is missing in the literature, and robust studies 
covering this are necessary to make informed decisions regarding test 
strategy. 

Further, the balance of pros and cons for each test strategy will be 
very dependent on local settings. 

One major advantage of dipstick analysis is its relatively low running 
costs, and in some settings, there will be no economically feasible 
alternative to dipstick analysis. 

The achievable TATs will vary between settings and the local patient 
flow will influence the limits for acceptable TATs. Though a TAT may be 
sufficiently short to ensure results before a patient’s condition can 
deteriorate, the same TAT may still disrupt the clinician’s workflow 
depending on local routines. 

5. Conclusions 

Although urine dipstick analysis offers swift delivery of results, 
better performing counterpart analyses can achieve clinically acceptable 
turn-around-times and hence offer a viable alternative. 

Flow cytometric bacteria count outperforms traditional dipstick 
analysis in detection of bacteriuria, though relevance of screening for 
bacteriuria is debatable. Urine glucose analysis is obsolete, and has no 
place in the emergency department. For determining ketosis and pro-
teinuria, better screening analyses than urine dipstick are available and 
should be preferred, although dipstick performs well in detecting severe 
albuminuria. Dipstick hemoglobin analysis and flow cytometric or 
microscopic evaluation may serve each their distinct purposes in the 
emergency department. 

Hence, urine dipstick analysis still has a place in the emergency 
department, for the detection of hematuria, while all other investigated 
dipstick analyses are superfluous, given that suitable central laboratory 
analyses are locally available at acceptable turn-around-times. 

In general, the effect on patient outcomes of dipstick analysis in the 
emergency department remains largely undocumented. 
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