
sampled study cohort is not
representative of the laboratory
testing population. Therefore,
we weighted the analyses to
represent the frequency of ANA
test results at our institution
with hopes of representing the
customary population of pa-
tients who are tested for ANA.
As noted by Leeflang et al., “Ide-
ally a diagnostic accuracy study
includes all patients within a
specific period who are sus-
pected of having the target con-
dition and in whom the test
would be considered (consecu-
tive enrollment). This will result
in a patient spectrum that re-
flects as much as possible the
range of patients that a clinician
will see in practice” (4). Leeflang
et al. also state, “Distortion of
this ideal inclusion pattern may
artefactually affect the preva-
lence of the target condition in
the study group as well as the
accuracy of the diagnostic test
under study.” Our concern is
that the unweighted cohort
does not accurately reflect the
patient testing population, spe-
cifically having higher disease
prevalence with presumably
more cases of severe disease,
which could lead to overestima-
tion of diagnostic sensitivity.
Regarding Dr. Baird's request

for a discussion of whether
study data should be weighted
to account for disease preva-
lence before estimation of
sensitivity and specificity, we be-
lieve it is important to first under-

stand the study design and to
make sure the study cohort
is representative of the popu-
lation of patients in whom
the test will be performed.
Weighted analyses would not be
required in a standard case con-
trol study provided the cases
were randomly selected fromthe
population of interest. If any
other type of sampling is used to
construct the study population, it
is possible that sampling weights
may be necessary to make the
study cohort representative of
the population in whom the test
will be applied.
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α-Methyldopa
Interference in
Urinary
Normetanephrine
Measurement by
LC-MS/MS?

TO THE EDITOR:
In general, LC-MS/MS is

thought to bemore selective and
less susceptible to analytical in-
terferences when compared to
HPLC. In urinary or plasmameta-
nephrine analysis for diagnoses
of pheochromocytoma, false-
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positive results could arise either
from direct interference with the
analytical method or pharmaco-
logical effects on the disposition
of catecholamines (1).
Here, we present a case of

analytical interference from
α-methyldopa (AMD)1 (Aldo-
met) in our LC-MS/MS method
for urinary metanephrine anal-
ysis. A 36-year-old woman was
referred to our hospital for di-
agnostic work-up of her hyper-
tension. She had been success-
fully treated with AMD for
hypertension during preg-
nancy. Postpartum, after initial
normalization, her blood pres-
sure increased despite the use
of AMD. Her normetanephrine
value of 19.2 μmol/24 h was >6
times the upper reference limit
(0.4–3.0 μmol/L/24 h), with
metanephrine being only
slightly increased (1.5 μmol/24
h; reference value 0.1–1.1
μmol/24 h), as measured by ul-
tra-performance liquid chroma-
tography (UPLC)-MS/MS (Quattro
Premier XE Mass Spectrometer,
Waters). Her physician reported
that she was taking AMD, an in-
direct-acting α-anticholinergic
receptor blocker, which is indi-
cated treatment for gestational
hypertension. AMD is known for
analytical interference in HPLC
methods for metanephrine
measurement, but, at present,
it is unclear whether analytical
interference from AMD also

holds for LC-MS/MS. A closer in-
spection of the mass spectrom-
etry (MS) data made clear that a
closely eluting peak had been
mistakenly integrated by theMS
instrument software (Quanlynx,
Waters) as being normetaneph-
rine (Fig. 1, left panel). Further-
more, the software normalizes
the highest, in this case interfer-
ing, peak within a specified re-
tention time (Rt) window to
100%, resulting in a minor
normetanephrine peak (Fig. 1,
left panel). In retrospect, 2 as-
pects should have raised suspi-
cion of assay interference. First,
the interfering peak displayed a
slightly earlier Rt (1.30 min)
when compared to the stable
isotopically labeled internal
standard (d3-normetaneph-
rine) (Rt 1.40 min), as well as to
other patient samples in the se-
ries. Second, the software gave
notification of a quantifier/qual-
ifier ratio failure [m/z 166 > 106
(quantifier)/m/z 166 > 134
(qualifier) ratio was 1.60 (nor-
mal 0.80 (± 0.16)]. Quantifica-
tion of the true normetane-
phrine signal (Fig. 1, left panel)
revealed a normal value of 0.7
μmol/24 h (ion ratio 0.83),
thereby more or less excluding
a diagnosis of pheochromocy-
toma. To confirm the use of
AMD as being the cause of the
interference, AMDwas withheld
for 8 weeks and then urinary
metanephrines were reana-

lyzed. The interfering signal had
disappeared, resulting in a nor-
mal normetanephrine value of
1.2 μmol/24 h (Fig. 1, right
panel). Urine normetanephrine
analysis of a second patient on
AMD showed the same interfer-
ing peak in our LC-MS/MS assay
(result not shown).
AMD (Mr 211) is known to

become decarboxylated to
α-methyldopamine (Mr 167) by
aromatic L-amino acid decar-
boxylase with subsequent
oxidative hydroxylation by do-
pamine-β-hydroxylase to α-
methylnorepinephrine (Mr 183)
(Fig. 1, bottom). α-Methylnor-
epinephrine andnormetaneph-
rine are isomers, with the same
molecular formula but different
structures. In the positive
mode, normetanephrine is pro-
tonated to produce the molec-
ular ion m/z 184, with
subsequent loss of water re-
sulting in fragment m/z 166.
Further loss of amethoxy group
(−OCH3) in the collision cell
gives the major daughter frag-
mentm/z 134. Full scan spectra
of AMD and α-methylnorepi-
nephrine both revealed a
strong m/z 166 signal, most
likely to occur from insource de-
carboxylation for AMD and loss
of water for α-methylnorepi-
nephrine, but collision-induced
dissociation showed nomarked
m/z 134 or m/z 106 fragments.
Subsequent normetanephrine

1Nonstandard abbreviations: AMD, α-methyldopa; MS, mass spectrometry; Rt, retention time.
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Fig. 1. Ultra-performance liquid chromatography (UPLC)-MS/MS chromatograms showing the interfer-
ing AMD peak and the true normetanephrine (NMN) signal in a patient using AMD (left panel) and the
NMN signal after 8-week withdrawal of AMD (right panel).
Transitionsm/z 166 > 106 (quantifier, upper),m/z 166 > 134 (qualifier, middle), andm/z 169 > 137 (d3-NMN, lower) are shown,
as is the schematic presentation of AMD conversion to α-methylnorepinephrine (bottom). L-AAAD, aromatic L-amino acid
decarboxylase.
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analysis of urine samples spiked
with various concentrations of
either AMD or α-methylnorepi-
nephrine (up to 0.5 mmol/L)
did, however, not result in the
interfering compound, as was
found in the patient taking
AMD. Analytical interference
from other AMD metabolites
(for example, α-methyldop-
amine) has not been tested and
therefore cannot be ruled out.
Our LC-MS/MS method for

urinary metanephrine analysis
uses a hydrophilic interaction
liquid chromatography (HILIC)
analytical column (BEH HILIC,
Waters) and an acetonitrile/wa-
ter gradient. Normetanephrine
interferences were absent
when urine samples were rean-
alyzed by our plasma LC-MS/MS
method, which uses a reversed-
phase column (HSS T3, Waters)
and methanol/water gradient.
Hence, analytical interference
of AMD with LC-MS/MS mea-
surement of normetanephrine
appears to depend on the col-
umn type and/or chromato-
graphic conditions. Fromnowon,
we will use a reversed-phase col-
umn for both urine and plasma
metanephrine analysis.
We believe that AMD should

be added to the list of drugs
that may interfere with (nor)-

metanephrine analysis in urine
or plasma by LC-MS/MS and
preferably be discontinued be-
fore testing (2–5). Our finding
emphasizes the importance of
critical evaluation of each chro-
matogram and notification of
ion ratio failure. Therefore, de-
spite allegedly exquisite speci-
ficity, LC-MS/MS can indeed be
susceptible to analytical inter-
ferences that can lead to false-
positive results in metane-
phrine measurement. This result
is particularly so for compounds
withunresolvablemass fragmen-
tation, where chromatography
remains key to guaranteeing ac-
curate patient results (3).
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