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A B S T R A C T

Objective: Pheochromocytoma/Paraganglioma (PPGL) is a rare tumor with non-specific presentations over-
lapping common entities like anxiety, hypertension, acute illness and episodic “spells.” Assessment of urine
normetanephrine or metanephrine (UNM-UMN) in real-life, where PPGL is very rare and PPGL mimics extremely
common, may show overlap in results with loss of specificity depending on the reference range. We determined
the extent to which UNM-UMN are high in people undergoing screening for PPGL.
Design and methods: Retrospective review of all UNM-UMN performed in a central lab serving Southern Alberta
over 8 years.
Results: After excluding pediatric ages and patients with CKD, there were 12,572 unique patients with 14,383
measures of UNM-UMN. 85 patients (0.7%) had markedly high UNM-UMN compatible with likely PPGL.
Depending on the age category (in decades), 10–22% of all UNM results were above the upper reference limit
(URL), particularly between ages of 40–60. Less than 3% had elevations in both UNM and UMN. Of those with
high UNM, 99% were less than 3-fold the URL. Based on the population data, a potential new reference range for
UNM is suggested, which may be more appropriate to the types of patient who undergo this form of testing.
Conclusions: There is an extraordinarily high prevalence of high UNM seen in real-life use of the test. However,
the vast majority of high UNM are unlikely to be PPGL given the disease rarity and the massive number of tests
ordered. This suggests the current laboratory URL may be too low (poor specificity) and/or the reference range
may not be appropriate to the type of patient being screened for PPGL. Depending on the frequency of use of any
screening test in a population, if the disease is rare and the specificity of the test is poor, a high rate of false
positive results will be expected.

1. Introduction

Pheochromocytoma/paraganglioma (PPGL) is a very rare disease
with an estimated population prevalence of 2–8 per million population
[1] and population incidence of 0.8–2 per 100,000 patient years [2,3].
It has been traditionally associated with a classic constellation of
symptoms, including paroxysmal hypertension, palpitations, headache
and episodic “spells” [4,5]. Owing to the variety of possible clinical
presentations and sometimes dramatic complications of acute cardio-
vascular or cerebrovascular compromise [6,7] with PPGL, there are
many types of physicians who might consider PPGL in a differential
diagnosis relevant to their specialty. In addition to discrete tumors
arising from the adrenal glands, there has been a growing recognition

that PPGL also can manifest as extra-adrenal and malignant disease [8]
and may be associated with certain germline mutations. Therefore
PPGL has become the subject of broader surveillance and screening
strategies [9].

One of the great difficulties in PPGL diagnosis relates to the tre-
mendous overlap in clinical presentation with other very common
disorders including anxiety [10,11], hypertension [12] and neurolo-
gical disorders [13,14]; comprehensive clinical reviews list up to 40
different entities that should be considered in any patient presenting
with paroxysmal symptoms or “spells” [15]. PPGL screening is re-
commended and commonly practiced for the investigation of resistant
hypertension, a condition that likely affects up to 7–9% of the popu-
lation [16,17]. Outside of classic paroxysmal “spells”, it is recognized
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that many PPGLs present with atypical and vague symptoms, and some
patients may even be asymptomatic [18–20]. As such, PPGL should be
considered on a differential diagnosis in many different clinical settings.
Therefore, an obvious diagnostic dilemma arises: the clinician may be
faced with a large number of similar appearing disorders most of which
will have either common or unknown diagnoses and with a desire to
ensure that no serious disease is missed, PPGL screening will be con-
sidered despite its rarity.

This situation leads to the classic scenario whereby even highly
sensitive and specific tests may have a very low positive predictive
value such that for rare diseases, the majority of abnormal results in the
test will end up as false positives [21]. This is not a trivial matter when
considering PPGL; even with reported sensitivity of 95% and specificity
of 96%, a test applied to a population where PPGL prevalence is
0.0002% will only have a positive predictive value of 0.5% [1 in 200]
[22].

In fact, the real-life situation may be far worse; studies reporting the
sensitivity and specificity of PPGL screening tests are often conducted in
very limited-size disease registries at research-based centers of ex-
cellence with an artificially high population of true PPGL. Many pa-
tients with PPGL have grossly elevated normetanephrine or meta-
nephrine such that in diagnostic test studies, true cases are easily
separated from those without disease by virtue of their bimodal dis-
tribution, a phenomenon known as spectrum effect [23]. This may re-
sult in over-estimation of the diagnostic properties of the test in ques-
tion and inflation of the reported positive predictive value when
compared to ‘real world’ settings where the test is applied to a far less
differentiated population lacking obvious bimodal distribution [23]. In
addition, since the clinician does not know a priori whether an ab-
normal test result is true positive or false positive, each positive result
necessarily results in further testing which incurs risk to the patient and
expense to the system.

In order to survey the ‘real world’ impact of wide-spread use of
PPGL screening tests, we conducted an analysis of a centralized la-
boratory database of the most common PPGL screening tests, 24 h-urine
metanephrine and normetanephrine (UMN-NM), in a geographically
well-defined health system with universal health coverage. The primary
outcome was the rate of abnormally high UMN-NM results seen in this
non-specialty, unselected patient population. Secondly, it was hy-
pothesized that after removing obvious outliers where results gave
reasonable evidence of highly probable PPGL, and considering the ac-
tual extreme rarity of true but biochemically indistinct PPGL, a very
large population sample would make it possible to develop a population
reference range for UMN-NM that is relevant to a population of patients
representing the spectrum of non-PPGL hyperadrenergic states in which
common screening is actually performed. Use of this updated, popula-
tion-relevant reference range may significantly reduce a high level of
otherwise false positive results.

2. Methods

This study was approved by the Conjoint Health Research Ethics
Board of Alberta Health Services and the University of Calgary. The
laboratory database was constructed by the Calgary location of the
Alberta Public Laboratories and encompasses the 8.5 year span of
January 1, 2010 to June 30, 2018. The Calgary location (formerly
known as Calgary Lab Services) is part of the single provincial health
system and provides measurement of UMN-NM to the whole of
Southern Alberta with a catchment area of approximately 1.4 million
persons.

24 h total urine metanephrines analysis was performed using high
performance liquid chromatography-tandem mass spectrometry (LC-
MS/MS). Sample preparation was performed using 1 mL of the 24 h
urine sample. Briefly, deuterated internal standards (metanephrine-d3
and normetanephrine-d3) were added to each sample, followed by acid
hydrolysis using hydrochloric acid. Samples were heated for 20 min and

then diluted with clinical laboratory reagent water prior to injection on
the LC-MS/MS. LC-MS/MS analysis was performed using an Agilent
1100 series liquid chromatograph coupled to an Agilent 6410 triple
quadrupole mass spectrometer in positive electrospray ionization mode.
Multiple reaction monitoring (MRM) mode was used for data acquisi-
tion allowing separate monitoring for metanephrine, normetanephrine
and their respective internal standards. All samples were corrected for
24 h urine volume such that results were reported as total umol/day.
The urine metanephrines reference intervals were adopted from Taylor
et al. [24]. Reference intervals were validated using Clinical Laboratory
Standards Institute (CLSI) guidelines.

The population of interest was defined as patients over age 18 with
normal renal function (eGFR > 50 mL/min/m2 according to the
Modification of Diet in Renal Disease equation [25]). As a laboratory
database, there was no access to clinical charts or pathology in order to
confirm the final diagnosis of PPGL and so a theoretical model was
constructed based on published PPGL incidence rates of 0.8–2 per
100,000 patient years [2]. In Southern Alberta, assuming a stable po-
pulation, this would equate to between 95 and 238 expected cases of
PPGL during our study timeframe. In order to select out probable true
PPGL cases, a conservative model for potential PPGL phenotype was
constructed, designed to simulate a biochemical phenotype in which
PPGL would be very highly suspected:

Cases where there was a ‘very high suspicion for PPGL’ were defined
by marked elevations (> 400% above the upper reference limit [URL])
in either urine normetanephrine (UNM) or urine metanephrine (UMN)
or both; patients with more modest elevations (> 300%) in UNM-MN
were also included if they also had accompanying elevations of in
plasma normetanephrine (PNM) (> 200% above the upper reference
limit), when measured. Therefore, the final model of high suspicion
PPGL cases included patients meeting any of the following 5 criteria:

a. UNM > 12 umol/d (> 400% URL)
b. UNM > 8 but < 12 umol/d (300–400% URL) and UMN > 3

umol/d (> 300% URL)
c. UNM > 8 umol/d, UMN < 3 umol/d and PNM > 1.8 nmol/L

(200% URL)
d. UNM < 8 umol/d, UMN > 5 umol/d (> 500% URL)
e. PNM > 2.7 nmol/L (> 300% URL)

For patients with multiple measures of UMN-NM during the study
period, any set of measurements meeting the above criteria were suf-
ficient to classify the patient as having a very high suspicion phenotype.
After excluding all measures from all cases with ‘very high suspicion’
for PPGL, the remaining population was stratified into standardized age
categories corresponding to the existing age-categories for the reporting
of UMN-NM reference ranges. The distribution of UMN-NM results in
each category was described and the proportion of “abnormally high”
results was determined according to the existing reference ranges.
Knowing that the very high suspicion results were already excluded on
the basis of biochemical phenotype, and knowing that the remaining
prevalence of potentially “missed” PPGL in the remaining population
would comprise < 0.1% of test results based on expected disease
prevalence, the observed UMN-NM distribution was then used to de-
velop new reference ranges that might be more appropriate for an
undifferentiated population undergoing broad screening for a very rare
disease based upon the observed mean ± 2 SD. After applying the
proposed new reference range, the number of abnormally high cases
was re-calculated. The frequencies of abnormally high cases were
compared using the existing and proposed reference ranges in order to
estimate the potential reduction in false positive cases. Statistical ana-
lysis included standard descriptive statistics for population data with
Shapiro-Wilkes tests for normality; comparison of proportional popu-
lation rates was performed by chi-square analysis. Kruskal-Wallis test
was used to compare multiple measures over time. GraphPad Prism 6.0
(LaJolla, California, USA) and MedCalc 19.0.7 (Ostend, Belgium) were
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used for statistical analyses and p < 0.05 set as the definition of sta-
tistical significance.

3. Results

Overall health system use of the UMN-NM testing is displayed in
Fig. 1, showing between 1500 and 2000 tests per year with an overall
increasing utilization (p < 0.001) over time. Assuming a stable po-
pulation during that period, this suggests that nearly 1% of the popu-
lation underwent PPGL screening over a near-decade. From a total of
15,505 samples in 13,525 unique patients, Fig. 2 demonstrates the flow
of patient results through the exclusion filters including those deemed
to be very high suspicion for PPGL (n = 200 results from 85 patients).
From the very high suspicion group, 70% were identified due to
markedly high UNM, 20% from markedly high UMN and the remaining
10% had combinations of high UMN-NM and PNM. Notably, the 85

suspected PPGL cases fell near the expected population incidence for
PPGL during the study timeframe. Using the upper boundary for the
expected number of potential PPGL cases (238), it may be seen that
even with the most conservative estimate, there was estimated to be no
more than 153 additional PPGL cases within the general population,
comprising 1.1% of all patients tested and<1% of total test results.
Accordingly, these would unlikely significantly impact the remaining
population-based statistical calculations using 95% confidence inter-
vals.

Table 1 shows the sample demographics from the whole cohort of
15,505 UMN-MN samples including the specialty of the ordering phy-
sician.< 10% of all tests were ordered by endocrinologists. The vast
majority of PPGL screening tests are ordered by general medicine and
primary care (61.4%). Among those who were tested, there was a slight
predominance for female patients, (58.3% vs 41.7%, p < 0.001) and
most individuals were between 31 and 70 years of age. After removing
protocol exclusions and cases that were defined as very suspicious for
PPGL, the final study cohort consisted of 14,182 UMN-NM samples
from 12,487 unique patients. Of these, 2187 (15.4%) samples were
reported as “abnormally high” based on UNM alone, 332 (2.3%) were
reported “abnormally high” based on UMN alone and 348 (2.5%) re-
ported “abnormally high” based on elevations in both UNM and UMN.
Thus, a total of 20.2% of over 14,000 samples were reported back to the
ordering physician as abnormally high.

Fig. 3 demonstrates the distribution of UNM in the study population,
segregated according the age-categories used for reporting. In each age
category it may be seen that the 95% confidence interval far exceeds
the existing upper reference limit, confirming that many patients
without PPGL will have abnormal results on UNM measurement, likely
attributable to non-PPGL causes of an acute or chronic hyperadrenergic
state. Table 2 shows the proportion of abnormal high UNM, UMN and
combined UMN-NM in each age group using current reference ranges.
The proportion of abnormally high results per age group was lowest in
the oldest age category of age>70 years where 13.3% were reported
abnormal. The highest proportion of abnormal results was reported in
the age categories of 40–49.9 years and 50–59.9 years with 23.3% and
23.5% of results affected, respectively. From Table 2, using a more
conservative PPGL-population model that also excludes all UNM >
300% above the URL would only have reduced the total population size

Fig. 1. Annual numbers of UNM performed in Southern Alberta catchment
area, population approx 1.4 million. P < 0.001 for trend by Chi-square. UNM –
urine normetanephrine.

Fig. 2. Study flowchart for population cohort. UMN-NM = 24 h urine metanephrine and normetanephrine, PPGL – pheochromocytoma/paraganglioma,
PNM = plasma normetanephrine, URL = upper reference limit.
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by 0.3% indicating that the vast majority of abnormal high results are
those that are less than 3-fold the URL.

Table 3 contains a re-envisioned reference range based on the pre-
sent study considerations whereby the new, population-appropriate
reference range was derived from the population mean and 95% con-
fidence interval. As the data were not normally distributed within the
population (p < 0.001 Shapiro-Wilkes test), median and IQR were also
given for comparison. Using this new suggested population reference
range, the potential change in proportions of “abnormal high” results
were calculated. Application of the new reference ranges modestly re-
duced the proportion of samples with mild “abnormally high” results in
the age groups of 18–29.9, 50–59.9 and 60–69.9 years old. Within the
entire population, application of the updated reference range resulted
in 1146 fewer samples reported as abnormal, a 40% reduction among a
population in which the overwhelming majority would not be expected
to have PPGL. However, even with this adjustment, 1694 abnormally
high results were still observed after removing high suspicion cases, for
an adjusted population “test-positive” rate of 11.9%, suggesting a false
positive rate that remained persistently very high.

4. Conclusions

The present study used a population-based model using biochemical
phenotypes to rationalize reference ranges for identifying subjects at

high risk for PPGL from a very large population of undifferentiated
patients whose physicians felt it appropriate to screen for possible
PPGL. Given the marked rarity of true PPGL in a population and the
markedly abnormal biochemical phenotype of most PPGL, in context
with the large number of screening tests being performed, it could be
reasonably assumed that after excluding the most obvious outliers, the
remaining samples would likely represent the 98% of patients who are
screened for PPGL, but who did not have a true catecholamine-produ-
cing tumor. This permitted us to examine the frequency with which
ordering physicians faced “abnormally high” results needing further
investigation in contrast to expected number of PPGL patients in a
population.

After finding that 20% of all results were high even after excluding
obvious outliers, this suggests that the positive predictive value for
actual PPGL with the UMN-NM test as used in general practice is likely
extremely poor. This observation stands in marked contrast to other
reports which appear to show that UMN-NM has excellent sensitivity
and specificity with good PPV (i.e., the latter being a property that is
highly dependent upon the prevalence of disease in a population) –
when tested in a highly selected research cohort [26,27]. As a result of
these prior findings, UMN-NM is routinely recommended as a screening
test for PPGL [28]. However, our data show that UMN-NM performance
with the currently used reference ranges is far more likely to result in
false positive results, unnecessary downstream testing, and potential

Table 1
Demographics of Laboratory database containing 15,505 UMN-NM samples according to the specialty of the ordering physician.

Ordering Physician Total UMN-NM
ordered
N, % of population

Male
Patients
n, %

Female
Patients
n, %

Patient age < 30 years Patient age
31–50 years

Patient age
51–70 years

Patient age
71 + years

General/Endocrine
Surgery

427, 2.8% 191, 44.7% 236, 55.3% 25, 5.9% 105, 24.6% 217, 50.8% 80, 18.7%

Urology 96, 0.6% 51, 53.1% 45, 46.9% 6, 6.2% 24, 25% 54, 56.2% 12, 12.5%
Other surgical specialist 177, 1.1% 36, 20.3% 141, 79.7% 29, 16.4% 86, 48.6% 44, 24.9% 17, 9.6%
All Surgical 700, 4.5% 278, 39.7% 422, 60.3%
Endocrinology 1293, 8.3% 458, 35.4% 835, 64.6% 172, 13.3% 425, 32.9% 541, 41.8% 149, 11.5%
General Medicine 3505, 22.6% 1531, 43.7% 1974, 56.3% 244, 6.9% 674, 19.2% 739, 21.1% 306, 8.7%
Other medical specialist 1506, 9.7% 703, 46.7% 803, 53.3% 266, 17.7% 497, 33.0% 555, 36.9% 186, 12.3%
All medical 6304, 40.7% 2692,

42.7%
3612, 57.3%

Primary Care 6010, 38.8% 2463, 41.0% 3547, 59.0% 890, 14.8% 2215, 36.9% 2198, 36.6% 687, 11.4%
Other/unknown 2416, 15.5% 983, 40.7% 1413, 59.3% 420, 17.4% 771, 31.9% 926, 38.3% 296, 12.2%
TOTAL 15505, 100% 6460,

41.7%
9045, 58.3% 2255, 14.5% 5402, 34.8% 5915, 38.1% 1889, 12.1%

Fig. 3. UNM by age after removing high probability PPGL, CKD and age < 18; dashed horizontal line indicates the present URL for the assay. Solid bars indicate the
mean UNM, vertical lines indicate the upper 95% CI. UNM = urine normetanephrine, CI = confidence interval.
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patient anxiety than it is to find a true case of PPGL in the real world,
particularly in the absence of multiple other diagnostic clues. This may
be due to the fact that PPGL is rare and hyperadrenergic conditions
mimicking PPGL are very common. Thus, the present UMN-NM re-
ference ranges may be inappropriate to the population for which the
vast majority of screening takes place outside of endocrinology.

The potential implications of current practice is concerning; UMN-
NM screening in our province has been increasing over the past
10 years and if 1 in 5 results are abnormal, this has the potential to lead
to unnecessary and extensive health resource utilization related to re-
peat testing, specialist consultation and particularly expensive diag-
nostic imaging. PPGL is a very important diagnosis with potentially
serious consequences [29] and thus no abnormal screening test result
may be ignored. If UMN-NM is to continue to be used as a first line
screening test, the present analysis would suggest adoption of an up-
dated upper reference limit of 3.0–4.3 umol/day in UNM for most pa-
tients over 30 years old. In order to avoid loss of test sensitivity, the
UMN URL could remain unchanged on the grounds that most PPGL will
have combined elevations in UNM and UMN so that an elevated UMN
would always indicate a need for more careful assessment of possible
PPGL [30,31]. Alternatively, UMN-NM could be removed from the test
menu in favor of age-adjusted, supine plasma normetanephrine/meta-
nephrine which appears to have a lower rate of false positive elevation
[21,32].

The present study has both strengths and weaknesses; to date, this is
the largest reported study of UMN-NM measurements from a truly un-
selected population. As such, this has the ability to reflect the real-life
consequences of physicians in a health system who have access to a
recommended screening test for a rare but serious condition often
hidden amongst a somewhat non-specific set of common presenting
features. The main study weakness is the obvious lack of gold standard
patient-level verification as to whether each patient had or did not have
true PPGL. The biochemical PPGL model used to exclude outliers from
the data sample was constructed based upon clinical experience and
ideally should be validated to confirm the assumption of PPGL as it is
possible that extreme elevations in UMN-NM could be seen in non-PPGL

states [33]. As well, some PPGL tumors may have UMN-NM levels that
are either normal or fall within just 1-2X the URL and would thus be
missed in the present study design; this is particularly so for head and
neck PPGL [34]. Additional clinical verification data was unavailable;
linkage to a future disease registry could help validate both the PPGL
model and the study conclusions. However, these weaknesses are un-
likely to materially affect the broad observations of the study given that
the primary outcome was not the definitive diagnosis of PPGL but ra-
ther the distribution of abnormal results with comparison to expected
population rates. As well, despite lack of definitive characterization of
all patients, PPGL is exceedingly rare and potential misclassification of
1–2% of subjects in a very large population will not change the overall
distribution of results; a more conservative biochemical model of PPGL
whereby all UNM > 300% URL were excluded on suspicion of true
disease would still only have removed 0.2% of samples from the whole
cohort. Regardless of whether some PPGL cases were missed in the
study population, the finding that 1 in 5 UMN-NM tests from a popu-
lation of> 12,000 patients in a single province have abnormal results is
clear evidence of a major problem with clinical usage. Although we
have provided initial suggestions for a new, population-appropriate set
of reference ranges for UNM-MN, these new ranges should be pro-
spectively validated in a separate population prior to widespread
adoption.

Clinicians are reminded of the imperative to “use the best test first”
in order to minimize waste and patient anxiety [35] and to always in-
terpret results in light of the clinical picture [36]. In some cases, this
will mean the relatively easy identification of false positives (i.e. un-
treated sleep apnea [37]) but in other cases, a more experienced eye
will be needed to identify potential false negatives when the clinical
picture legitimately supports PPGL. Age-adjusted supine measurement
of PNM-PMN has been suggested as a practical, easy and highly accu-
rate means of testing for suspected PPGL [38]; consultation with a
specialist in PPGL may be valuable before ordering any PPGL-related
test in order to ensure that the pre-analytical variables are optimally
considered prior to any measurement.

In summary, the UMN-NM test is commonly ordered in a large

Table 2
Distribution of results and percentages of abnormal results by age-group and pattern of abnormality including high UNM, high UMN and combinations of both along
with percentage of very high results defined as UNM > 300% URL.

AGE GROUPyears, n UNM mean,
95% CI
(umol/day)

UNM median,
IQR
(umol/day)

APL ref.
range
(UNM,
umol/d)

Number% of
high UNM

Number, % of high
UNM plus high UMN

Number, % of
high UMN alone

Total, % of
high UMN-MN

Number %
UNM > 300% URL

Total cohort 2.16 (2.0–2.26) 1.70 (1.3–2.4) 2187 (15.4%) 338 (2.4%) 329 (2.3%) 2854 (20.1%) 38 (0.3%)
18–29.9, 1623 1.54 (0–3.28) 1.40 (1.0–1.8) 0.6–2.1 190 (11.7%) 36 (2.2%) 28 (1.7%) 254 (15.7%) 10 (0.6%)
30–39.9, 2492 1.07 (0–2.65) 0.86 (0.58–1.33) 0.6–2.3 402 (16.1%) 60 (2.4%) 51 (2.0%) 513 (20.6%) 11 0.4%)
40–49.9, 2713 1.22 (0–2.98) 0.97 (0.66–1.52) 0.6–2.5 511 (18.8%) 64 (2.4%) 59 (2.2%) 634 (23.4%) 3 (0.1%)
50–59.9, 3154 2.15 (0–4.29) 1.9 (1.40–2.60) 0.7–2.6 598 (19.0%) 87 (2.8%) 56 (1.8%) 741 (23.5%) 9 (0.3%)
60–69.9, 2476 2.12 (0.1–4.18) 1.9 (1.40–2.60) 0.8–2.8 351 (14.2%) 65 (2.6%) 66 (2.7%) 482 (19.5%) 2 (< 0.1%)
70+, 1724 1.34 (0–3.32) 1.07 (0.72–1.6) 0.8–3.1 135 (7.8%) 26 (1.5%) 69 (4.0%) 230 (13.3%) 3 (0.2%)

UNM = urine normetanephrine, UMN = urine metanephrine, URL = upper reference limit, APL = Alberta Public Laboratory.

Table 3
Re-analysis of population UMN-NM results by age category using updated reference range designed to reflect expected results in a population having widespread
PPGL screening and comparison of potential false positive rate to that seen with traditional normal reference ranges.

Age group APL ref Range,
(UNM, umol/d)

New ref range Number, % High
UNM

Number, % High
UNM + UMN

Number, UNM > 300%
URL

Total, % of High
UMN-NM

Decrease in probable FP vs
APL ref range

18–29.9 0.6–2.1 0.6–3.28 41 (2.4%) 19 (1.2%) 0 101 (8.0%) 7.7%
30–39.9 0.6–2.3 0.6–2.65 310 (12.4%) 55 (2.2%) 7 421 (16.9%) 3.7%
40–49.9 0.6–2.5 0.6–2.98 376 (13.8%) 45 (1.7%) 1 498 (18.4%) 5.0%
50–59.9 0.7–2.6 0.7–4.29 131 (4.2%) 20 (0.6%) 0 265 (8.4%) 15.1%
60–69.9 0.8–2.8 0.8–4.18 74 (3.0%) 29 (1.2%) 0 205 8.3%) 11.2%
70+ 0.8–3.1 0.8–3.32 109 (6.3%) 25 (1.5%) 2 204 (11.8%) 1.5%

UNM = urine normetanephrine, UMN = urine metanephrine, URL = upper reference limit, APL = Alberta Public Laboratory, FP = false positive.
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health care system for the investigation of PPGL-mimicking symptoms,
most of which will not be truly PPGL-related. In this setting, there is a
very high rate of abnormal results reported which have the potential to
lead to many subsequent and costly yet unfruitful tests. In order to
improve the current situation, consideration should be given to re-set-
ting the UMN-NM URL in order to reflect a reference range suited to the
population undergoing testing or otherwise consider a wholescale
transition to age-adjusted supine PNM-PMN testing instead. Even this
transition would require re-evaluation of a similar nature to that per-
formed here, in order to continue to have up-to-date data on expected
population false positive rates. Expert clinical assessment will continue
to be the cornerstone of PPGL diagnosis.
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