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Normal and assay ranges for the AutoUA



















Test

Bilirubin
β-Hydroxybutyric Acid
Blood (Hgb)
Color
Clarity (Turbidity)
Creatinine
Glucose
Ketone
Leukocyte Esterase
Total Protein (µA + NAP)
µ-Albumin
Nitrite
pH
Specific Gravity
Sodium
Urobilinogen

Normal Range

0.0 to 1.0 mg/dL
0 to 10 mg/dL
0 to 50 ug/dL
Yellow to Amber
Clear to Slight Cloudy
100 to 500 mg/dL
0 to 50 mg/dL
0 to 10 mg/dL
0 to 20 EAU/L
0 to 50 mg/dL
0 to 30 mg/dL
0 to 20 mg/dL
4.8 to 8.0 pH units
1.002 to 1.035
40 to 220 MEq/L
0.0 to 1.0 mg/dL

Assay Range

®

0.0 to 300 mg/dL
0.0 to 200 mg/dL
0.0 to 5000 µg/dL
Colorless to Opaque
Clear to Turbid
0.0 to 1000 mg/dL
0 to 1000 mg/dL
0.0 to 200 mg/dL
0 to 200 EA Units/L
0.0 to 1,000 mg/dL
0.0 to 30 mg/dL
0.0 to 200 mg/dL
3.0 to 11.0 pH Units
1.000 to 1.070 sG Units
0 to 1000 MEq/L
0.0 to 30.0 mg/dL
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Normal Ranges for the AutoUA® Quantitative Risk
Assessment Factors


Ratios
P/C (u-Total Protein (u-A + u-NAP)/Creatinine)



u-Albumin (u-A)/Creatinine Ratio



BHA/AcAa (β-Hydroxy/Acetoacetic)



FexNa (fractional excretion of Na)



RFI (renal failure index)



UPEE (Urinary protein excretion estimate)

Normal Range
<30 mg/g Increasing P/C can indicate early to
advanced stages of renal disease
<30 mg/g Increasing P/C can indicate early to
advanced stages of renal disease
Normal ratio approximately 4:1. A ratio of
10:1indicates Diabetic Ketoacidosis
Prerenal failure <1.0% >1.5% acute tubular
necrosis
Prerenal failure <1% >1% acute post
ischemic and nephrotoxic renal failure
≤0.2 g/day



eGFR (estimated glomerular filtration rate)

≥90 mL/min/1.73 m2



Total ketone body content

0-10.0 mg/dL



Note: with prerenal failure, the FexNa and RFI are usually less than 1% & 1 mmol/L respectively.
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Normalization
 Normalizing the urine is the single most important factor in quantitative

urinalysis. Simply put, a dilute urine may yield a trace+ ketone, but,
when normalized, it’s actually a 4+ ketone and the patient is in Diabetic
Ketoacidosis (DKA). Normalization is the use of common factors found
in all urine, such as creatinine or specific gravity, to account for
variability of urine volume, something that is not possible using
dipsticks. The use of diuretics and anti-diuretics is common and can
potentially lead to dehydration and/or excessive fluid intake which can
greatly affect the true urinary analyte concentration. Normalization of
urinary analytes corrects for this variation in urine concentration.
Normalization to creatinine is the most common method, and while
creatinine does vary with age and sex, a chart showing population
averages has been created to account for these variables.

References:
1. Barr, D. B.; Wilder, L. C.; Caudill, S. P.; Gonzalez, A. J.; Needham, L. L.; Pirkle, J. L. Urinary Creatinine
Concentrations in the U.S. Population: Implications for Urinary Biological Monitoring Measurements.
Environmental Health Perspectives 2005, 113 (2), 192–200.
2. Tang, K. W. A.; Toh, Q. C.; Teo, B. W. Normalization of Urinary Biomarkers to Creatinine for Clinical Practice
and Research - When and Why. Singapore Medical Journal 2015, 56 (1), 7–10.

AutoUA Creatinine Normalization Table
Years
All
Male
Female
0-0.5
16
16
16
0.6-1
17.75
17.75
17.75
1-2
60.5
60.5
60.5
3-5
70.75
70.75
70.75
6-11
102.1
104.4
99.48
12-19
161.5
163.6
159.3
20-29
161.8
183
141
30-39
138
157.9
118.8
40-49
124.6
149.7
100.6
50-59
108.1
131.8
86.06
60-69
105.5
126.4
87.91
>70
97.99
117.5
84.51
Average
124.95
141.79
109.71
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Total Urinary Protein, Albumin, and Non-Albumin Protein
“Our observations shows strikingly high prevalence of NAP in the US selected population and high risk of missing the diagnosis of
proteinuria in about one out of five patients if only random urine albumin would be measured……. The use of urine total protein
dipstick tests would not solve the problem as the dipstick measure primarily the presence of the albumin fraction.”
Reference: Katayev, A.; Zebelman, A. M.; Sharp, T. M.; Flynn, S.; Bernstein, R. K. Prevalence of Isolated Non-Albumin Proteinuria in the US Population Tested for Both, Urine Total Protein and Urine Albumin: An Unexpected Discovery. Clinical Biochemistry
2017, 50, 262–269.

“Almost 75 million Americans are at risk for developing chronic kidney disease as a result of hypertension or diabetes. Approximately
30 million Americans have CKD, but only about 3.6 million are currently aware that they have this condition. CKD progression can
be slowed or halted if the disease, which often has no symptoms, is caught in its early stages.” “More than 30 million Americans
are estimated to be living with CKD, but most aren’t aware of their status.”
- Lee Hilborne, MD, MPH, Past President and Chair of the Appropriate Test Utilization Committee, ASCP

”Conclusion: Testing only for urine (micro) albumin can miss up to 40% of females and 30.8% of males with gross proteinuria”
Reference: Katayev, A.; Zebelman, A. M.; Sharp, T. M.; Flynn, S.; Bernstein, R. K. Prevalence of Isolated Non-Albumin Proteinuria in the US Population Tested for Both, Urine Total Protein and Urine Albumin: An Unexpected Discovery. Clinical Biochemistry
2017, 50, 262–269.

Urinary Protein: Three types are tubular, overflow, and glomerular including Non-Albumin Proteins (NAPs). The kidneys typically
retain protein, keeping it from being filtered out into urine; however, some diseases and conditions can cause protein in urine
(proteinuria). The three types of proteinuria are: tubular, overflow and glomerular. Tubular proteinuria can happen in the case of
tubulointerstitial disease and can lead to a decrease in the reabsorption of low molecular weight proteins. Overflow proteinuria is
caused by an overproduction of low molecular weight proteins that overwhelm the proximal tubules’ ability to reabsorb them. Lastly,
and most commonly, glomerular proteinuria which results primarily in a loss of albumin. Some temporary conditions that cause protein
in urine are dehydration, exposure to extreme cold, and strenuous exercise. Diseases and conditions that cause persistent protein in
urine include, but are not limited to, diabetes, chronic kidney disease (CKD), glomerulonephritis (inflammation of the kidney cells),
multiple myeloma, lymphoma, leukemia, and heart disease. Non-albumin proteins (NAP) include but are not limited to immunoglobulin
light chain proteins, brush-border proteins, glycoproteins, mucoproteins, and Tamm-Horsfall protein. The non-albumin proteins though
not as commonly measured as albumin are significantly important since up-to 40% of the proteins found in urine are non-albumin
proteins.

Protein/Albumin/NAP:Creatinine ratios
“Approximately 40% of protein, normally excreted with urine, is a high-molecular-weight albumin (about 65,000
da). About 20% is of low-molecular-weight such as light chains of immunoglobulins (about 20,000 Da), and the
remaining approximately 40% is made up of Tamm-Horsfall mucoproteins secreted by the distal tubule (about
90,000 Da)”
Reference: Clinical Biochemistry 50 (2017) 262–269 Abbreviations: NAP, non-albumin proteinuria; CKD, chronic kidney disease; ACR, albumin-to-creatinine ratio; PCR, total protein-to-creatinine ratio; AER, albumin
excretion rate; PER, total protein excretion rate; SD, standard deviation; eGFR, estimated glomerular filtration rate.

There is no such thing as microalbumin! Microalbumin is a misnomer!
The proper term for a urine albumin assay is, in fact, just URINE ALBUMIN!

Total urine Protein Creatinine Ratio (PCR) as well as Albumin Creatinine Ratio (ACR) and nonalbumin protein creatinine ratios (NAPCR) are all calculated for the same reason. The protein
creatinine ratio is used to give a better representation of protein output from a random sample
rather than a 24-hour urine collection. Initially when urine proteins were measured, 24-hour
collections would be ordered. Since 24-hour collections are prone to collection error as well as
inconvenient to the patient, it is becoming more common for the 24-hour collections to be replaced
with the Protein Creatinine Ratio (PCR) calculated from a random collected sample. Protein
creatinine ratio has been shown to be as accurate if not more so than the 24-hour collection in
terms of protein measurement and significantly less prone to collection error. One of the main
reasons to measure PCR, ACR, and NAPCR together is to help figure out the source of proteinuria.
There are three main types of proteinuria: tubular, glomerular and overflow. Tubular and overflow
proteinuria may not be detected by ACR alone since both are typically caused by light-molecularweight proteins. Glomerular proteinuria, however, results primarily in the loss of albumin.

Non-Albumin Proteins (NAPs)
The existence of NAPs has been well-documented and known in the field of urinalysis for over 70 years.
As described earlier, dipstick assays for protein will inevitably lead to misdiagnosis of gross proteinuria due
to their limited specificity to only albumin and, even then, only down to 30 mg/dL.
From these limited assays, the improper use of the term “microalbumin” came to be in order to describe
assays with a better sensitivity than the dipstick, typically down to 1 mg/dL. We continue to use the term
“microalbumin” this way here, but we want to make clear that there isn’t some sort of special “micro” type
of albumin. All albumin is approximately 66.5 kDa. There is no such thing as a “micro” albumin.
“Urine dipstick protein tests are more sensitive to albumin than to globulins, hemoglobin, Bence-Jones
Proteins, or mucoproteins and a negative result do not rule out the presence of these other proteins.”
Reference: Clinical Biochemistry 50 (2017) 262–269 Abbreviations: NAP, non-albumin proteinuria

 Non-albumin proteins (NAPs) can be defined using clinical practice thresholds as albumin to creatinine

ratio (ACR) < 3 mg/mmol and total protein to creatinine ratio (PCR) > 14.9 mg/mmol when measured in
the same specimen.

 Glomerular proteinuria is the most common form of proteinuria and results in primary loss of
albumin. It is a hallmark of diabetic nephropathy and the measurement of albumin in urine is now
recommended for the staging of Chronic Kidney Disease (CKD). The remaining two other major
types of proteinuria, however, may not be detected by the measurement of urine albumin alone.
Tubular proteinuria can occur from tubulointerstitial disease and decreased reabsorption of lowmolecular-weight non-albumin proteins (NAPs). Tubular diseases include hypertensive
nephrosclerosis and nephropathy caused by nonsteroidal anti-inflammatory agents. Overflow
proteinuria occurs when there is an overproduction of low-molecular-weight proteins that
exceeds the ability of the proximal tubules to reabsorb those proteins.

Total Ketone Body Content
Dipsticks – Reagent strips for ketones only react with acetoacetic acid and “The test does not
measure β-hydroxybutyric acid,” the major metabolite excreted in urine.
Reference: Urinalysis and body Fluid, 6th Edition; S. K. Strasinger, M. S. Di Lorenzo; 2014 FA. Davis Company,, Philadelphia.

“Like glucose, the presence of ketone bodies in the urine is a measure of metabolic, rather than
renal, function…..Two conditions associated with ketosis are diabetes mellitus and starvation.”
Reference: Urinalysis and body Fluid A ColorText and Atlas; K.M Ringsrud, J.J Linne; 1995 Mosby, St. Louis, MO.

“The major pitfall for testing ketone bodies with stick test is that the test detects only Ac and AcAc
and, not BHB. In ketoacidosis, BHB is the main ketone body as the ratio between BHB and AcAc,
being normally ~1:1, shifts strongly toward BHB.”
Reference: Urbain, P.; Bertz, H. Monitoring for Compliance with a Ketogenic Diet: What Is the Best Time of Day to Test for Urinary Ketosis? Nutrition & Metabolism 2016, 13 (77).

The total ketone body content is the sum of all the different measured ketones. β-hydroxybutyric
acid (BHA) accounts for 78% of the ketones found in urine and is typically excreted before the other
ketones. Acetoacetic acid accounts for 20% and acetone accounts for the remaining 2%. AutoUA®
does not actively measure acetone.
Ketone Ranges:
Urine β-hydroxybutyrate: 0 - 25 mg/dL (0 - 1.4 mmol/L).
Note: At levels > 50 mg/dL, further evaluation may be needed immediately.
Urine Acetoacetate: 0 to 5 mg/dL (0 - 0.3 mmol/L).
Blood β-hydroxybutyrate: 7.2 - 9.0 mg/dL (0.4 - 0.5mmol/L).
Note: DKA levels are usually more than 3 mmol/L.

β-Hydroxybutyric Acid:Acetoacetic Ratio
Diabetes Research: “β-hydroxybutyrate excreted in urine may cause renal damage.”
Reference: Ketone Body Production and Excretion During Wellness Fasting; Diabetes Research, Lifescience Promoting Ass, ISSN 2379-6375, 2017.

“Like glucose, the presence of ketone bodies in the urine is a measure of metabolic, rather than
renal, function…..Two conditions associated with ketosis are diabetes mellitus and starvation.”
Reference: Urinalysis and body Fluid A ColorText and Atlas; K.M Ringsrud, J.J Linne; 1995 Mosby, St. Louis, MO.

“The major pitfall for testing ketone bodies with stick test is that the test detects only Ac and AcAc
and, not BHB. In ketoacidosis, BHB is the main ketone body as the ratio between BHB and AcAc,
being normally ~1:1, shifts strongly toward BHB.”
Reference: Urbain, P.; Bertz, H. Monitoring for Compliance with a Ketogenic Diet: What Is the Best Time of Day to Test for Urinary Ketosis? Nutrition & Metabolism 2016, 13 (77).

“Can the direct measurement of 3HB enhance the management of DKA in any way?
β-Hydroxybutyrate levels correlate better than AcAc with changes in acid-base status during the
course of treatment for DKA.”
Reference: Affel, L. Ketone Bodies: a Review of Physiology, Pathophysiology and Application of Monitoring to Diabetes. Diabetes/Metabolism Research and Reviews 1999, 15, 412–426.

Journal of Analytical Tox – “As the ketosis increases in severity, β-hydroxybutyrate becomes
increasingly the predominant molecule in the urine, while the ratio of
β-hydroxybutyrate to acetoacetic acid in the plasma remains virtually constant.”
Reference: Determination of B-hydroxybutyrate in Blood and Urine by GCMS; Journal of Analytical Tox, Vol 13, 2009.

Fractional Excretion of Sodium (FexNa)
Fractional excretion of Sodium (FexNa) is the amount of salt (sodium) that leaves the body through
urine compared to the amount filtered and reabsorbed by the kidney. FexNa is not a test. Instead, it
is a calculation based on the concentrations of sodium and creatinine in the blood and urine. This
calculation is widely used to help differentiate prerenal disease (decreased renal perfusion) from
Acute Tubular Necrosis (ATN) as the cause of Acute Kidney Injury (AKI, formerly, Acute Renal
Failure, ARF).
As previously stated, FexNa is the percentage of the sodium that is filtered by the kidneys and
excreted in urine and is calculated using both serum and urinary sodium and creatinine values.
FexNa can be used to aid the physician in determining AKI. If the FexNa is <1.0%, consider prerenal, volume depletion, and other causes. If FexNa is elevated (>3.0%), it could indicate acute
tubular necrosis or, in addition, a warning of volume depletion for hospitalized patients on IV, which
is often difficult to detect at the bedside.
FexNa = 100 * ((Urine Na in mEq/L) / (Plasma Na in mEq/L)) / ((Urine Cr in mg/dL) / (plasma Cr in mg/dL))
FexNa < 1%: Seen in pre-renal azotemia and acute glomerulonephritis. Also seen in 5-10% of nonoliguric or x-ray
contrast induced ATN and early sepsis.
FexNa > 1%: Seen in most cases of ATN. Also seen in pre-existing chronic renal failure, and after diuretic
administration.
Reference: WEBSITE FOR RFI AND FRACT Na - https://globalrph.com/medcalcs/urinary-indices-renal-failure-index-fe-na/

Renal Failure Index (RFI)
The renal failure index (RFI) is one of several indices that help to distinguish prerenal azotemia
from oliguric acute renal failure. It is obtained from measurements of serum creatinine and urine
sodium and creatinine. A RFI less than unity (1.0) is consistent with prerenal azotemia. An index
greater than unity (1.0) is consistent with oliguric acute renal failure.
Reference: Sehrier RW: Manual of Nephrology. Boston, Little Brown & Co, 1981, p 142.

The prognosis of patients with AKI is poor, and there is a risk of renal function progression. Urinary
kidney injury molecule-1 (uKIM-1) is a marker of epithelial injury of renal tubules. Different uKIM-1
levels are associated with various degrees of renal injury. High uKIM-1 indicates a high possibility of
severe renal injury. Spearman correlation analysis indicates that uKIM-1 is positively correlated with
the fractional excretion of sodium (FexNa), renal failure index (RFI), and creatinine elevation
(r = 0.887, 0.887, and 0.438, respectively, P = 0.000).
Reference: High urinary excretion of kidney injury molecule-1 predicts adverse outcomes in acute kidney injury: a case control study: Published online 2016 Sep 10. doi: 10.1186/s13054-016-1455-6

Renal Failure Index (RFI) = Urine Sodium * Plasma Creatinine / Urine Creatinine
Renal Failure Index (RFI): Prerenal failure <1.0 %
>1 % acute postischemic and nephrotoxic renal failure

Estimated 24-Hour Urinary Protein Excretion(UPEE)

The estimated 24-hour urinary protein excretion also known as the Urinary Protein Excretion
Estimation (UPEE) is the estimated amount of protein excreted in urine in a 24-hour period
calculated from a single random urine sample. The estimate from a random sample is often as
accurate if not more accurate than the estimate from a 24-hour collection. 24-hour urine collections
have proven drawbacks. The process is cumbersome, inconvenient, and prone to collection errors.
ADVICE
 UPEE > 3.5 g per day in adults is associated with nephrotic syndrome.
 Decrease in protein excretion to less than 2 g per day, either in response to therapy or spontaneously,
is associated with improved long-term prognosis.
MANAGEMENT
 Patients with persistent low-grade proteinuria unrelated to decreased kidney function or a systemic
disease typically have no long-term complications even if untreated.
 Many nephrologists use an antihypertensive drug, such as an Angiotensin-Converting Enzyme (ACE)
inhibitor, to reduce or eliminate proteinuria.
 Patients with low-grade proteinuria should be evaluated yearly to make sure it is not getting worse and
that kidney function is stable.
FACTS AND FIGURES
Interpretation:
UPEE <0.2 g/day
Within normal limits
UPEE 0.2–3.5 g/day
Investigate further
UPEE >3.5 g/day
Nephrotic range

UPEE (CONTINUED) - Reference: www.mdcalc.com/urinary-protein-excretion-estimation#evidence
“The use of UPEE as a correlate for 24-hour urinary protein excretion was first investigated
by Ginsberg et al and published in the New England Journal of Medicine in 1983. They
hypothesized that because urinary creatinine excretion is constant if glomerular filtration rate (GFR)
is constant, a calculated protein/creatinine ratio from a single urine sample should reflect protein
excretion and, being a ratio, also cancel out the time factor. They tested their hypothesis in 46
patients with renal disease, measuring both (1) total protein from 24-hour urine collection and (2)
protein/creatinine ratio from a random urine sample for each. They also collected random urine
samples from 30 healthy controls with no history or evidence of renal disease and calculated
protein/creatinine ratio from each. Comparing the 24-hour protein and random protein/creatinine
ratio showed correlation coefficients ranging between 0.82-0.97. They also found that the
relationship between proteinuria in random urine and 24-hour collection varied by as much as 30%,
but that during “normal daylight activity” (i.e., when most random samples are likely to be collected)
the variation was minimal. Numerous subsequent studies have validated this correlation, including
by Schwab et al (1987) in inpatients and outpatients with renal disease, Houser (1984) in pediatric
patients, in pregnant patients, and others. A systematic review by Price et al (2005) evaluated 16
studies investigating proteinuria and used likelihood ratios to measure ability of random
protein/creatinine ratio to predict presence or absence of proteinuria. Patient groups were primarily
those with preeclampsia or renal disease. Summary estimates of the LR(+) and the LR(−) across
the 10 preeclampsia studies were 4.2 (95% CI, 2.6–6.9) and 0.14 (0.09–0.24), respectively.”

Estimated Glomerular Filtration Rate (eGFR)
The Glomerular Filtration Rate (GFR) is a measure of kidney function, specifically how much blood
is filtered by the glomeruli. eGFR is the estimate of this filtration rate and can be calculated in
several ways. The most commonly used equations for calculating eGFR are the Modification of Diet
in Renal Disease (MDRD) Equation, the CKD-EPI Equation, and the Bedside Schwartz Equation,
most often used for children. eGFR is the best test to measure kidney function and determine the
stage of kidney disease. It can be calculated from the results of a blood creatinine test, using age,
body size, and sex.
Reference: 2018 National Kidney Foundation.

Ranges:
In adults, the normal eGFR value is more than 90. eGFR declines with age, even in people without
kidney disease. See chart below for average estimated eGFR based on age.

AutoUA® UTI Screen
The AutoUA® UTA Screen is the answer to a rapid simple to use UTI
screen that provides improved diagnostics.
ADVANTAGES:
 UTI coding according to CodeMap® allows for the UTI Core screen as

part of the AutoUA to be reimbursed.1

 The CPT code 81007 for urinary UTI screen specifically excludes the use

of dipsticks or culture.1

 Quantitative for improved accuracy and precision enabling normalization

of the urine for the UTI screen.2

 Rapid UTI panel that includes assays for:
• Leukocyte esterase.
• Nitrite.
• Creatinine (required for normalization).

UTI: Definition

The term “pyuria” literally means “pus in the urine” but, in common usage, the focus is not on the
presence of pus but on the number of white blood cells (WBCs) or amount of leukocyte esterase
(LE) that exceeds a threshold and suggests a urinary tract infection (UTI). In the journal of
Pediatrics, Chaudhari et al.2 states the following; “Urine concentration should be incorporated into
the interpretation of automated microscopic urinalysis in young infants.” share the results of a study
of the impact of urine concentration on the optimal threshold in the new era of automated urinalysis.
As referenced by Chaudhari et al.2 urinalysis provides a practical window for clinicians to render
prompt treatment and as referenced by Dr. Kenneth B. Roberts, MD3. Roberts also references
Chaudhari et al2 and states that the findings “provide valuable assistance for interpreting the results
of automated urinalyses.”3
Roberts3 goes on to infer that the use of urinalysis as a screen for UTI permits selecting individuals
for antimicrobial treatment 24 hours sooner than if clinicians were to wait for culture results before
treating.
REFERENCES:
1. CodeMap® coding and reimbursement for Sciteck® Quantitative Urinalysis Assays – attached.
2. Chaudhari et al. Journal of Pediatrics; 2016 Nov; 138(5).
3. Dr. Kenneth B. Roberts, MD. Journal of Pediatrics; Vol 158, No. 5, November 2018.

 Example report of a

patient with elevated
ketone, β-hydroxybutyric
acid and Glucose.

 Example report of a

patient with elevated
ketone, β-hydroxybutyric
acid and Glucose in a
concentrated sample.

 Example report of a

patient with elevated
protein and albumin.

 Example patient report

with a positive
normalized hemoglobin.
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