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ABSTRACT

Background: hypertension can be the predominant sign of pheochromocytoma (PCC) and 

sympathetic paraganglioma (sPGL) and screening for PCC/sPGL is often performed in patients who 

are already being treated with antihypertensive agents. There is very little information about the 

influence of antihypertensive drugs on plasma free metanephrines. The aim of this study was to 

determine whether commonly prescribed antihypertensive drugs can falsely elevate plasma free 

metanephrines concentrations measured by LC-MS/MS analysis. 

Methods: in a prospective study we included patients with newly diagnosed hypertension, who 

started monotherapy with an antihypertensive agent (i.e. β-blocker, thiazide diuretic or angiotensin-

converting enzyme (ACE) inhibitor). Plasma free metanephrine (MN) and normetanephrine (NMN) 

levels were measured before and one month after the start of the medication quantified by LC-MS/

MS.

Results: between 2009-2014, 39 patients were included (β-blocker n=13, thiazide diuretic n=14 

and ACE inhibitor n=12). In the whole group, the median plasma free MN and NMN concentrations 

at baseline were 0.19 [0.17-0.26] nmol/L and 0.56 [0.38-0.95] nmol/L. One month after the start of 

antihypertensive treatment, the median plasma free MN and NMN concentrations were comparable; 

0.20 [0-16-0.20] nmol/L and 0.63 [0.39-0.63] nmol/L, respectively (P=.43 and P=.39). Separate analysis 

for each of the three antihypertensive agents examined did not reveal any significant changes in the 

median plasma free MN and NMN concentrations. 

Conclusions: The measurement of plasma free MN and NMN with LC-MS/MS is not affected by use 

of β-blockers, diuretics and ACE inhibitors. Withdrawal of these drugs prior to the quantification of 

plasma metanephrines is therefore not necessary. 
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INTRODUCTION

Pheochromocytoma (PCC) and sympathetic paraganglioma (sPGL) are rare neuroendocrine 

tumors known for their uncontrolled catecholamine secretion. Measurement of the O-methylated 

metabolites of catecholamines, metanephrine (MN) and normetanephrine (NMN), is the preferred 

biochemical method for diagnosing these tumors1,2. Measurement of plasma free metanephrines is 

currently considered to be the most accurate test1-3. Increased catecholamine secretion may produce 

a highly variable clinical picture with cardiovascular, neurologic, respiratory and metabolic signs and 

symptoms4. This variable clinical presentation combined with the rarity of the disease contributes 

to a diagnostic delay of approximately one to three years5,6. Hypertension may be the predominant 

sign in a patient with a PCC/sPGL, present in nearly all patients, either sustained or paroxysmal4. On 

the other hand, only an estimated 0.3-0.5% of patients with hypertension in the general population 

harbor a PCC/sPGL7,8. Screening for a PCC/sPGL is recommended in young patients, patients with an 

acute hypertensive crisis and in patients with therapy resistant hypertension9. Therefore, in clinical 

practice, screening for a PCC/sPGL is often performed in patients who are already being treated with 

antihypertensive agents. 

It has been demonstrated that measurement of plasma free metanephrines may be affected 

by several factors such as position during blood collection (seated vs. supine)10, age11, coffee 

consumption12,13 and salt intake14, catecholamine-rich diet15, previous adrenalectomy16 and the 

season of the year17. Furthermore, in one retrospective study, it has been suggested that plasma free 

MN concentrations could be falsely elevated by the use of β-blockers18. As a result, according to the 

recently published guideline, confirmatory testing after exclusion of false-positives sources, such as 

β-blockers, can be useful2. 

Currently, information is very limited with respect to the clinical relevant question whether 

measurement of plasma free metanephrines is influenced by the use of antihypertensive agents.  

Theoretically, antihypertensive agents might affect this measurement either in vitro through 

direct interference with the laboratory assay (analytical interference) or in vivo by an effect on 

catecholamine secretion or metabolism (physiological interference). Determination of plasma 

free metanephrines with liquid chromatography with electrochemical detection (LC-ECD) was 

shown to be prone to analytical interference by several drugs (i.e. acetaminophen, mesalamine 

and sulfasalazine)19-22. Analytical interference can be reduced by using liquid chromatography with 

tandem mass-spectrometry (LC-MS/MS)23,24. Physiological interference with the metabolism of 

catecholamines can occur with the use of drugs that block the neuronal reuptake and enzymatic 

degradation of catecholamines such as sympathomimetic agents, monoamine oxidase (MAO) 

inhibitors, serotonin norepinephrine reuptake inhibitors (SNRIs), selective serotonin reuptake 

inhibitors (SSRIs) and tricyclic antidepressants (TCAs)18,25-28. 

The aim of this study was to determine with LC-MS/MS analysis whether commonly prescribed 

antihypertensive drugs (i.e. β-blockers, thiazide diuretics and angiotensin-converting enzyme (ACE) 

inhibitors) can influence the plasma metanephrines concentrations, obtained by LC-MS/MS analysis. 
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PATIENTS AND METHODS

Patients

Patients ≥18 years of age with newly diagnosed hypertension (defined as a repeatedly recorded 

systolic blood pressure of ≥140 mmHg and/or a diastolic blood pressure of ≥90 mmHg, according 

to JNC 8 guidelines29), who started monotherapy with an antihypertensive agent (i.e. β-blocker, 

thiazide diuretic or ACE inhibitor) were included. Exclusion criteria were the use of additional 

antihypertensive agents or concomitant use of drugs known to interfere with catecholamine 

metabolism such as MAO inhibitors, TCAs, SSRIs, SNRIs, opiates or methyldopa. Patients who were 

prescribed additional antihypertensive agents on their second visit were also excluded.

Patients were recruited by local general practitioners or by internists at the outpatient clinic of 

the Department of Endocrinology at the University Medical Center of Groningen. Medical history and 

the use of additional medication were recorded before the start of the antihypertensive medication. 

Blood pressure and pulse rate were measured with a sphygmomanometer while in seated position, 

before and one month after the start of the antihypertensive medication. A blood sample for the 

measurement of plasma free MN and NMN was collected in seated position without prior dietary 

restrictions before and one month after the start of the antihypertensive medication. The study 

was approved by the Medical Ethics committee of the University Medical Center of Groningen. All 

patients gave written informed consent.

Reference population

The upper reference limits (URLs) for plasma free MN and NMN concentrations were established in 

120 healthy controls (63 men and 57 woman, 36-81 years of age) participating in the Prevention 

of Renal and Vascular End Stage Disease (PREVEND) study in seated position without prior dietary 

restrictions30. 

Analytical methods

Blood samples were collected by venipuncture in a 10 mL Vacutainer Tube (Becton Dickinson®) 

containing K2EDTA solution as anticoagulant. Blood samples were centrifuged at 2500 g for 11 

minutes and stored at -80 °C until processing. In order to decrease analytical variation, all samples 

were measured in one analysis batch after the inclusion of all subjects. 

Plasma free MN and NMN assays were performed with a High-Performance Liquid 

Chromatography tandem mass spectrometric technique (LC-MS/MS) with automated solid phase 

extraction sample preparation, essentially as described by de Jong et al.30. In order to prevent 

influence of ionic cross talk between MN and 3-MT, chromatographic conditions were optimized 

by applying a longer analytical column (Atlantis HILIC Silica column (particle size 3 µm, 2.1 mm 

internal diameter by 100 mm). Established reference intervals in seated position for plasma free 

metanephrines were: MN 0.07-0.33 nmol/L and NMN 0.23-1.07 nmol/L30. The intra-assay and inter-

assay analytical variation coefficients were 2.5% to 4.8% and 3.4% to 5.6% for plasma free MN, 5.1 
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to 6.2% and 4.2% to 7.1% for plasma free NMN, respectively. Biological intra- and interday analytical 

variation were 9.4% and 8.4% for plasma free MN and 15% and 13% for plasma free NMN30.

Sample size calculation

We used the reference intervals and distribution of plasma free MN and NMN to calculate the sample 

size. We assumed a total difference (analytical and/or physiological) of 10%. This implied that the 

URL would change to 0.36 nmol/L for plasma free MN and 1.18 nmol/L for plasma free NMN. This 

would be a clinically relevant difference. The sample size that would be required to provide more 

than 80% power with a two-sided alpha level of 0.05 was calculated to be 8 patients per medication 

group. 

Statistical analysis

Data are presented as mean ± (standard deviation (SD)) or as median [interquartile ranges (IQR)] 

where appropriate. Differences in plasma free MN and NMN concentrations before and after therapy 

were calculated with the Wilcoxon signed rank test for related samples. Differences between 

medication groups were calculated with the Kruskal-Wallis test. Two-sided P values <.05 were 

considered significant. Statistical analysis was performed with PASM statistics (version 22; IBM/SPSS, 

Armonk, New York). 

RESULTS

Patient characteristics 

Between 2009 and 2014, a total of 50 patients were eligible for inclusion. Eleven patients were 

excluded because they were either using a TCA or SSRI or more than one antihypertensive drug 

at their second visit. Fourteen patients (8 males, age 57±13 years) were given a thiazide diuretic 

(hydrochlorothiazide n=13, chlorotalidone n=1), 12 patients (6 males, age 55±13 years) were started 

on an ACE inhibitor (enalapril n=5, perindopril n=2, lisinopril n=4, ramipril n=1) and in 13 patients 

(4 males, age 41±13 years) a β-blocker was prescribed (metoprolol n= 9, propranolol n=3, labetalol 

n=1). 

Median systolic and diastolic blood pressure before and one month after the start of the 

antihypertensive treatment were 150 [140-160]/ 93 [82-100] mmHg and 130 [120-149]/ 85 [80-90] 

mmHg, respectively (both P<.001). Median pulse rate did not significantly change one month after 

the start of the medication (73 [61-82] vs. 76 [62-84] /minute, P=.72).

Plasma concentration of metanephrines before and after hypertensive treatment

In the whole group, the median plasma free MN and NMN concentrations at baseline were 0.19 

[0.17-0.26] nmol/L and 0.56 [0.38-0.95] nmol/L, respectively. One month after antihypertensive 

treatment, the median plasma free MN and NMN concentrations did not differ from the baseline 

values; 0.20 [0.16-0.20] nmol/L and 0.63 [0.39-0.63] nmol/L, respectively (P=.43 and P=.39). 
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There were also no significant differences in the median plasma free MN and NMN concentrations 

before and after treatment in the separate groups receiving β-blockers, diuretics or ACE inhibitors 

(Table 1, Figure 1). 

Three patients had a plasma free MN or NMN concentration >10% above URL. One patient 

had a plasma free MN after treatment with a thiazide diuretic of 0.37 nmol/L and one patient after 

treatment with a β-blocker of 0.45 nmol/L (Figure 1). The latter patient also had a slightly elevated 

plasma free MN level before the start of the medication of 0.36 nmol/L. In addition, there was one 

patient with an elevated plasma free NMN concentration after treatment with a β-blocker of 1.40 

nmol/L (Figure 1).

Before start 

medication

After start 

medication
P-value

Patients using β-blockers (N=13)

Plasma MN (nmol/L)
0.19

[0.16-0.26]

0.19

[0.15-0.21]
0.44

Plasma NMN (nmol/L)
0.49

[0.30-0.95]

0.39

[0.33-0.71]
0.81

Patients using diuretics (N=14)

Plasma MN (nmol/L)
0.19

[0.15-0.31]

0.21

[0.17-0.29]
0.88

Plasma NMN (nmol/L)
0.58

[0.39-1.04]

0.67

[0.51-1.01]
0.73

Patients using ACE inhibitors (N=12)

Plasma MN (nmol/L)
0.20

[0.18-0.26]

0.21

[0.17-0.25]
0.88

Plasma NMN (nmol/L)
0.58

[0.49-0.90]

0.60

[0.42-0.66]
0.12

Values are reported as median [interquartile range]. Reference ranges for plasma metanephrines were: MN 0.07-
0.33 nmol/L and NMN 0.23-1.07 nmol/L. MN: metanephrine, NMN: normetanephrine. 

Table 1. Plasma metanephrine concentrations before and after antihypertensive treatment
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Figure 1. Scatter plot with median showing the plasma free metanephrine and free normetanephrine 
concentrations before and after the use of β-blockers, diuretics and ACE inhibitors. The dashed line represents a 
plasma free MN or NMN concentration 10% above the upper reference limit (URL). 

DISCUSSION

In this study among hypertensive patients, we did not find a significant effect of frequently 

prescribed blood pressure lowering drugs on the measurement of plasma free metanephrines. This 

is the first prospective study investigating the influence of antihypertensive drugs on the plasma 

metanephrine concentration with a state of the art LC-MS/MS assay. Until now, the influence of 

antihypertensive drugs on the plasma free metanephrine levels has been described in only one 

retrospective study described the influence of antihypertensive drugs on the plasma free MN or 

NMN levels, determined with LC-ECD18. In this study, β-blockers were associated with 60% (9 out 

of 15 patients) of all false-positive elevations of plasma MN18. These influences did not appear to 

be associated with any specific type of β-blocker. In the same study, diuretics and ACE inhibitors 

did not appear to affect the frequency of false-positive elevation of plasma metanephrines18. Based 
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on this, the Endocrine Society advises to perform confirmatory testing after exclusion of false-

positive sources when measured with LC-ECD (2). We show that when plasma free metanephrines 

are measured with LC-MS/MS, there is no need to stop antihypertensive treatment because there is 

no effect on the plasma MN and NMN concentrations. 

The use of LC-ECD for measurement of metanephrines is associated with several, drug 

related interferences, such as acetaminophen, labetalol, sotalol and sulfasalazine19,20,25,31. With the 

introduction of the tandem mass spectrometry, the likelihood of analytical interference is strongly 

reduced23,24. It is of clinical importance to determine whether the former recommendations 

concerning drug related interferences based on LC-ECD are still valid when using LC-MS/MS. The 

lack of interference by commonly used antihypertensive drugs enhances the diagnostic accuracy of 

the LC-MS/MS assay for the determination of plasma free metanephrines and obviates the need to 

interrupt the use of these drugs prior to blood sampling.  

Our study has some limitations. Blood samples were collected with patients in seated position. 

This is in accordance with our reference values, which are also derived from a population in seated 

position. Two patients (2 out of 13; 15%) had a plasma free MN or NMN concentration more than 

10% above URL after start of the β-blocker. However, this does not necessarily indicate a causal 

relationship as these small changes might also be explained by intra-assay and biological intraday 

variations, or e.g. coffee consumption before blood sampling. 

In conclusion, treatment with β-blocking agents, diuretics or ACE inhibitors do not affect plasma 

free MN and NMN concentrations when quantified by LC-MS/MS and, therefore, withdrawal of these 

antihypertensive agents before blood sampling is not needed, when qualified by LC-MS/MS. 



49

No influence of antihypertensive agents on plasma free metanephrines

3

REFERENCES

1.  Lenders JWM, Keiser HR, Goldstein DS, Willemsen JJ, Friberg P, Jacobs MC, Kloppenborg PW, Thien 
T, Eisenhofer G. Plasma metanephrines in the diagnosis of pheochromocytoma. Ann Intern Med. 
1995;123:101-109. 

2.  Lenders JWM, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, Grebe SK, Murad MH, Naruse M, Pacak K, 
Young WF Jr, Endocrine Society. Pheochromocytoma and paraganglioma: an endocrine society clinical 
practice guideline. J Clin Endocrinol Metab. 2014;99:1915-1942. 

3.  Lenders JWM, Pacak K, Walther MM, Linehan WM, Mannelli M, Friberg P, Keiser HR, Goldstein DS, Eisenhofer 
G. Biochemical diagnosis of pheochromocytoma: which test is best? JAMA. 2002;287:1427-1434. 

4.  Lenders JWM, Eisenhofer G, Mannelli M, Pacak K. Phaeochromocytoma. Lancet. 2005;366:665-675. 

5.  Amar L, Servais A, Gimenez-Roqueplo AP, Zinzindohoue F, Chatellier G, Plouin PF. Year of diagnosis, features 
at presentation, and risk of recurrence in patients with pheochromocytoma or secreting paraganglioma. J 
Clin Endocrinol Metab. 2005;90:2110-2116. 

6.  Mannelli M, Ianni L, Cilotti A, Conti A. Pheochromocytoma in Italy: a multicentric retrospective study. Eur J 
Endocrinol. 1999;141:619-624. 

7.  Pacak K, Linehan WM, Eisenhofer G, Walther MM, Goldstein DS. Recent advances in genetics, diagnosis, 
localization, and treatment of pheochromocytoma. Ann Intern Med. 2001;134:315-329. 

8.  Stein PP, Black HR. A simplified diagnostic approach to pheochromocytoma. A review of the literature 20 
and report of one institution’s experience. Medicine (Baltimore). 1991;70:46-66. 

9.  Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones DW, Materson BJ, Oparil S, 
Wright JT Jr, Roccella EJ, National Heart, Lung, and Blood Institute Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure, National High Blood Pressure Education 
Program Coordinating Committee. The Seventh Report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA. 2003;289:2560-2572. 

10.  Lenders JWM, Willemsen JJ, Eisenhofer G, Ross HA, Pacak K, Timmers HJLM, Sweep CG. Is supine rest 
necessary before blood sampling for plasma metanephrines? Clin Chem. 2007;53:352-354. 

11.  Eisenhofer G, Lattke P, Herberg M, Siegert G, Qin N, Därr R, Hoyer J, Villringer A, Prejbisz A, Januszewicz 
A, Remaley A, Martucci V, Pacak K, Ross HA, Sweep FCGJ, Lenders JWM. Reference intervals for plasma 
free metanephrines with an age adjustment for normetanephrine for optimized laboratory testing of 
phaeochromocytoma. Ann Clin Biochem. 2013;50:62-69. 

12.  Deutschbein T, Unger N, Jaeger A, Broecker-Preuss M, Mann K, Petersenn S. Influence of various 
confounding variables and storage conditions on metanephrine and normetanephrine levels in plasma. 
Clin Endocrinol (Oxf). 2010;73:153-160. 

13.  Robertson D, Frolich JC, Carr RK, Watson JT, Hollifield JW, Shand DG, Oates JA. Effects of caffeine on plasma 
renin activity, catecholamines and blood pressure. N Engl J Med. 1978;298:181-186. 

14.  Kerstens MN, Kema IP, Dullaart RPF. Plasma normetanephrine concentrations are affected by dietary 
sodium intake. Clin Chim Acta. 2012;413:1716-1717. 

15.  de Jong WHA, Eisenhofer G, Muskiet FAJ, de Vries EGE, Kema IP. Dietary influences on plasma and urinary 
metanephrines: implications for diagnosis of catecholamine-producing tumors. J Clin Endocrinol Metab. 
2009;94:2841-2849. 

16.  Osinga TE, van den Eijnden MHA, Kema IP, Kerstens MN, Dullaart RPF, de Jong WHA, Sluiter WJ, Links TP, 
van der Horst-Schrivers ANA. Unilateral and bilateral adrenalectomy for pheochromocytoma requires 
adjustment of urinary and plasma metanephrine reference ranges. J Clin Endocrinol Metab. 2013;98:1076-



50

Chapter 3

1083. 

17.  Pamporaki C, Bursztyn M, Reimann M, Ziemssen T, Bornstein SR, Sweep FC, Timmers HJLM, Lenders 
JWM, Eisenhofer G. Seasonal variation in plasma free normetanephrine concentrations: implications for 
biochemical diagnosis of pheochromocytoma. Eur J Endocrinol. 2014;170:349-357. 

18.  Eisenhofer G, Goldstein DS, Walther MM, Friberg P, Lenders JWM, Keiser HR, Pacak K. Biochemical diagnosis 
of pheochromocytoma: how to distinguish true- from false-positive test results. J Clin Endocrinol Metab. 
2003;88:2656-2666. 

19.  Bouhanick B, Fauvel J, Pont F. Biochemical misdiagnosis of pheochromocytoma in patients treated with 
sulfasalazine. JAMA. 2010;304:1898-1901. 

20.  Lenders JWM, Eisenhofer G, Armando I, Keiser HR, Goldstein DS, Kopin IJ. Determination of metanephrines 
in plasma by liquid chromatography with electrochemical detection. Clin Chem. 1993;39:97-103. 

21.  Davidson FD. Paracetamol-associated interference in an HPLC-ECD assay for urinary free metadrenalines 
and catecholamines. Ann Clin Biochem. 2004;41:316-320. 

22.  Ito T, Imai T, Kikumori T, Shibata A, Horiba T, Kobayashi H, Sawaki M, Watanabe R, Nakao A, Kiuchi T. Adrenal 
incidentaloma: review of 197 patients and report of a drug-related false-positive urinary normetanephrine 
result. Surg Today. 2006;36:961-965. 

23.  Peaston RT, Graham KS, Chambers E, van der Molen JC, Ball S. Performance of plasma free metanephrines 
measured by liquid chromatography-tandem mass spectrometry in the diagnosis of pheochromocytoma. 
Clin Chim Acta. 2010;411:546-552. 

24.  Pillai D, Callen S. Pilot quality assurance programme for plasma metanephrines. Ann Clin Biochem. 
2010;47:137-142. 

25.  Neary NM, King KS, Pacak K. Drugs and pheochromocytoma--don’t be fooled by every 
elevated metanephrine. N Engl J Med. 2011;364:2268-2270. 

26.  Finberg JP. Update on the pharmacology of selective inhibitors of MAO-A and MAO-B: focus on modulation 
of CNS monoamine neurotransmitter release. Pharmacol Ther. 2014;143:133-152. 

27.  Yu R, Wei M. False positive test results for pheochromocytoma from 2000 to 2008. Exp Clin Endocrinol 
Diabetes. 2010;118:577-585. 

28.  Harding JL, Yeh MW, Robinson BG, Delbridge LW, Sidhu SB. Potential pitfalls in the diagnosis of 
phaeochromocytoma. Med J Aust. 2005;182:637-640. 

29.  James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C, Handler J, Lackland DT, LeFevre ML, 
MacKenzie TD, Ogedegbe O, Smith SC Jr, Svetkey LP, Taler SJ, Townsend RR, Wright JT Jr, Narva AS, Ortiz 
E. 2014 evidence-based guideline for the management of high blood pressure in adults: report from the 
panel members appointed to the Eighth Joint National Committee (JNC 8). JAMA. 2014;311:507-520. 

30.  de Jong WHA, Graham KS, van der Molen JC, Links TP, Morris MR, Ross HA, de Vries EGE, Kema IP. Plasma 
free metanephrine measurement using automated online solid-phase extraction HPLC tandem mass 
spectrometry. Clin Chem. 2007;53:1684-1693. 

31.  van Berkel A, Lenders JWM, Timmers HJLM. Diagnosis of endocrine disease: Biochemical diagnosis of 
phaeochromocytoma and paraganglioma. European journal of endocrinology / European Federation of 
Endocrine Societies 2014 170 R109-19.




