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Abstract

Background: Pheochromocytomas and paragangliomas (PPGL) are 
neuroendocrine tumors that originate from adrenal medulla or extra-ad-
renal chromaffin cells, respectively. They produce an excess of catecho-
lamines and their metabolites. Abnormal levels of these biomolecules 
have been also found in pediatric patients with neuroblastoma (NB). 
Due to the diurnal fluctuation, the laboratory practice recommends the 
determination of biogenic amines in acidified 24-h urine samples. How-
ever, the collection and acidification of specimens cannot be performed 
easily, especially for children. Spot urines represent an attractive alterna-
tive for the detection of catecholamines and corresponding metabolites.

Methods: In our study, we enrolled 50 patients with symptoms relat-
ed to PPGL and we determined the concentration values for both spot 
and 24-h urine samples using high-performance liquid chromatog-
raphy tandem mass spectrometry (HPLC/MS-MS). Since day varia-
tions of the urinary concentration are due to fluctuations in renal ex-
cretion rather than in production, we normalized the concentration of 
biogenic amines in spot urine and in 24-h urine collection to urinary 
creatinine concentration. A correlation study between the normalized 
levels of biogenic amines was performed using a linear regression 
analysis model and Pearson’s correlation coefficients.

Results: We obtained a good correlation of values which suggests an 
interchangeability of the 24-h and random urine samples. Only for 
epinephrine a weak correlation was determined.

Conclusions: Our findings suggest that the sample collection as sin-
gle spot urine may replace 24-h collection for the detection of urinary 

biogenic amines by HPLC/MS-MS.
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Introduction

Catecholamines are a class of biogenic amines characterized 
by a catechol group (formed by a benzene ring with adjacent 
hydroxyl groups) linked to an amine group. Dopamine (DA), 
norepinephrine (NE) and epinephrine (E) belong to this class. 
They act as neurotransmitters in both central and peripheral 
nervous system but they are also secreted as hormones by ad-
renal medulla or by extra-adrenal chromaffin cells [1].

After their release, catecholamines have a very short plas-
matic half-life because they are rapidly converted by various 
enzymatic pathways into different inactive metabolites. In par-
ticular, DA is hydroxylated by the dopamine beta-hydroxylase 
(DBH) enzyme into NE. Then, the phenylethanolamine N-
methyltransferase (PNMT) enzyme converts NE into E. The 
catecholamine catabolism can be divided into two steps: in the 
first step, DA, NE and E are converted by the enzyme catechol-
O-methyltransferase (COMT) in their methylated metabolites 
3-methoxytyramine (3-MT), normetanephrine (NMN) and me-
tanephrine (MN), respectively. In the second step, these metabo-
lites are catalyzed by multiple pathways involving a specific oxi-
dative deamination catalyzed by the monoamine oxidase (MAO) 
enzyme into homovanillic acid (HVA) and vanillylmandelic acid 
(VMA) [2]. The 3-MT, NMN and MN are largely transformed in 
their sulphate esters in the gastrointestinal tract by specific sul-
fotransferases. The sulphate conjugation increases hydro-solubil-
ity of molecules, promoting their renal excretion [3].

Normal levels of catecholamines and corresponding cat-
abolites in urine samples are very variable. They mainly de-
pend on age and gender but a small increase of these biogenic 
amines is also observed in various physiological (excess body 
weight, smoking, eating habits and the way of life) or patho-
physiological conditions (such as depression or anxiety) [4]. 
Consequently, published reference intervals for catechola-
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mines and their metabolites are often contradictory so the es-
tablishment of cut-off points is crucial for a correct diagnosis 
and a prompt treatment monitoring [5-8].

In the current clinical practice, catecholamines and their 
related metabolites are considered important biomarkers for 
the biochemical diagnosis of neuroendocrine secreting tumors, 
such as pheochromocytomas and paragangliomas (PPGL) and 
NB [9]. In fact, elevated levels of these biogenic amines are 
produced in patients with these tumors, causing severe hyper-
tension and cardiovascular consequences [10].

Standard practices for the detection of urinary catechola-
mines and their metabolites requires the use of urine samples 
derived from 24-h collections, because circadian fluctuations in 
their excretion have been observed [11-14]. The collection of 
24-h urine samples cannot be performed easily, especially for 
children: it is time-consuming, it is sometimes difficult to obtain 
a complete collection and for some patients it may require cath-
eterization. Collecting 24-h urine specimens is not only prob-
lematic in infants but also for old patients (for numerous old pa-
tients, 24-h urine collections could be incomplete or they could 
represent collections for more than 24 h). Moreover, 24-h urine 
collections must be correctly acidified to preserve the basic deg-
radation of molecules before their detection [15-17].

Spot urines represent an attractive alternative for the meas-
urement of catecholamines and corresponding metabolites but, 
as previously described, their use is not recommended due to 
the existence of circadian cycle variations in the molecules ex-
cretion [13, 14]. Several studies demonstrate that the correction 
of spot urinary HVA and VMA outputs for creatinine excretion 
can be used for the diagnosis of NB in children [5, 18-20]. Little 
is known about the other biomarkers generally used for PPGL 
diagnosis such as NE, E, 3-MT, free and total NMN, and free 
and total MN and in most studies, they are especially quantified 
using older methods [20-24].

In our work, we enrolled 50 adult patients with clinical symp-
toms related to PPGL (episodic tachycardia, paroxysmal hyper-
tension, anxiety, headache and sweating) and we determined the 
concentration values of catecholamines (DA, NE and E) and their 
methylated metabolites (3-MT, MN, and NMN) both in spot and 
24-h urine samples, using high-performance liquid chromatogra-
phy tandem mass spectrometry (HPLC/MS-MS). This analytical 
technique is considered the gold standard for the quantification 
of urinary catecholamines and metanephrines, due to its high 
specificity and sensitivity [25-31]. To eliminate the variability 
of the metabolite renal excretion, we expressed all the obtained 
results as ratio to urinary creatinine concentration, previously de-
termined for each patient and for each type of sample. The aim of 
this study was to determine how closely correlated are spot and 
24-h urinary DA, NE, E, 3-MT, free and total NMN, and free and 
total MN excretions, in order to estimate the loss of power due to 
the replacement of 24-h collection by spot collection.

Materials and Methods

Standards and specimens

A urine spot sample followed by a 24-h urine sample was col-

lected from 50 patients with clinical symptoms related to PPGL 
(episodic tachycardia, paroxysmal hypertension, anxiety, head-
ache and sweating) and delivered to the Clinical Pathology and 
Microbiology Unit of “Vito Fazzi” Hospital in Lecce (Puglia, 
Italy). Patients were included in the present study according to 
clinical suspicion of PPGL, in presence of signs and symptoms 
of catecholamine excess, which has been assayed to establish 
a diagnosis. The general clinical characteristics of the study 
population are reported in Table 1. To avoid possible exog-
enous interference, patients did not undergo any treatment nor 
take any medicines that may affect catecholamines metabo-
lism within 48 h before sampling. Drinking, smoking or eating 
caffeinated foods were avoided. The 24-h urine samples were 
acidified by each patient adding 10 mL of hydrochloric acid 
(33% v/v), before the beginning of collection. On receipt in the 
laboratory, urine specimens were checked for adequate acid-
ity (pH 2 - 5), stored at -20 °C and analyzed within 2 months. 
Samples not respecting all mentioned criteria of correct collec-
tion and storage were excluded from analysis. According to the 
manufacturer’s instructions, seven reconstituted urine stand-
ards (LC 77010, Eureka Chemicals Laboratories, Italy) were 
used for the calibration curve and three different concentra-
tions (low, medium and high) of quality control (QC) samples 
(LC 77010, Eureka Chemicals Laboratories, Italy) were used 
for method validation. This study was conducted in compli-
ance with the ethical standards of the responsible institution on 
human subjects as well as with the Helsinki Declaration.

HPLC/MS-MS conditions

Urinary DA, NE, E, 3-MT, free and total NMN, and free and 
total MN concentrations of standards, controls and patients 
were determined using a 4500 QTrap HPLC/MS-MS system 
(AB Sciex, USA). The acid hydrolysis of each urine sample 
was used to release the total NMN or MN from their sulphate-
bound metabolites. Before HPLC, catecholamines and their 
metabolites were separated from the urine matrix by solid 
phase extraction (SPE). After sample pretreatment, 10 µL of 
each purified extract was injected on the HPLC column. The 
chromatography separation was performed on a ACQUITY 
UPLC® BEH Amide column (2.1 × 100 mm, 1.7 µm) with 
a temperature set of 30 °C and a total constant flow of 0.600 
mL/min. Pre-injection equilibration lasted for 10 min. A binary 
gradient was used, as described in Table 2.

Biomarkers eluted from the column at known retention 
times passed into the mass spectrometer where they were ion-
ized by electrospray ionization (ESI). Analyst software from 
AB Sciex was used for instrument control and analysis. Each 
ion was separated according to the mass/charge ratio and ap-
peared as a chromatographic peak. Its area was directly related 
to concentration. The MS/MS detection was conducted in pos-
itive ionization multiple reaction monitoring (MRM) mode. 
MRM transitions and retention time parameters of each ion are 
summarized in Table 3. For each biomarker, there was a stable 
internal standard, labelled with isotopes, which guaranteed re-
producible and reliable quantitative results. The total run time 
including column re-equilibration was 8 min for each sample.
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Urinary creatinine quantification

Urinary creatinine was assayed in all urine samples by the au-
tomated enzymatic method (Roche Diagnostics, Mannheim, 
Germany), following manufacturer’s instructions.

Data analysis

Each analyte was quantified as µg per g of creatinine. The ref-
erence ranges for urinary catecholamines were provided by the 
company producing the HPLC kit. The correlation between 
the levels of each biogenic amine in spot and 24-h urine sam-
ples was performed using a linear regression analysis model. 
Pearson’s correlation coefficients (PCCs) were calculated to 
test relationships between levels of catecholamines in the two 
types of samples, which is considered strong for values > 0.7 
or intermediate for values between 0.30 and 0.70.

Results

In our study, random urine sample levels of DA, NE, E, 3-MT, 
NMN (free and total), and MN (free and total) were compared 
with those of the 24-h collection urine and a good correlation 
has been obtained after normalization for the creatinine con-
centration of the sample. Only NE and E presented a greater 

Table 1.  General Clinical Characteristics of the Study Population

Clinical characteristics Patients, n (%)
Gender
  Male 25 (50%)
  Female 25 (50%)
Age, years
  18 - 49 16 (32%)
  50 - 64 13 (26%)
    ≥ 65 21 (42%)
Inclusion criteria: clinical suspicion of PPGL
  Presence of signs
    Hypertension 43 (86%)
    Tachycardia 29 (58%)
    Sweating 23 (46%)
    Hyperglycemia 20 (40%)
    Pallor 19 (38%)
    Weight loss 3 (6%)
    Decreased peristalsis 2 (4%)
  Presence of symptoms
    Headache 41 (82%)
    Anxiety 36 (72%)
    Weakness, fatigue 35 (70%)
    Palpitations 25 (50%)
    Nausea and vomiting 14 (28%)
Exclusion criteria
  Simultaneous therapy with drugs that modify catecholamine metabolism 0 (0%)
  Not correct sample collection and storage 0 (0%)

PPGL: pheochromocytomas and paragangliomas.

Table 2.  Binary Gradient Used for HPLC

Time (min) Phase A Phase B
0.0 0 100
1.0 0 100
2.0 10 90
2.1 10 90
2.5 30 70
2.6 0 100
3.9 0 100
4.0 0 100

HPLC: high-performance liquid chromatography.
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diurnal variation of renal excretion. The correlation plots are 
shown in Figure 1. The PCCs are listed in Table 4.

NE and E normalized quantification in random urine 
against 24-h urine (Fig. 2) showed weaker PCCs (0.573 for NE 
and 0.166 for E).

Due to the rarity of neuroendocrine tumors (approximately 
estimated incidence: 0.8 per 100,000 persons/year [32]), only 
two of the analyzed patients showed elevated values for each 
biogenic amine, both for spot and 24-h urine samples related 
to creatinine. For these patients, the biochemical diagnosis of 
PPGL was confirmed by radiological images (Fig. 3) and histo-
logical analysis, with immunomorphological findings indicat-
ing the presence of adrenal pheochromocytomas. The results 
obtained for pathological patients are reported in Table 5.

Due to the small pathological sample size, these results 
need to be confirmed in larger studies. However, they suggest 
the reliability of the HPLC/MS-MS catecholamine quantifica-
tion in spot urine samples by creatinine normalization also for 
pathological patients, when 24-h collection is not easy to be 
performed.

Discussion

In the present study, the correlation between urinary catecho-
lamine concentrations and creatinine excretion was investigat-
ed both for 24-h and spot urine samples. Compared to most of 
the previous studies which mainly evaluated VMA and HVA 
[15, 16, 18, 19], in this work we also measured DA, E, NE, 
3-MT, free and total MN, and free and total NMN. As dem-
onstrated by Matser et al (2023), the accuracy of the eight cat-
echolamine metabolites assessment was significantly higher 
compared to the only HVA and VMA one, for a correct diag-
nosis of NB, reducing false positive rate [33].

In our results, urinary creatinine levels showed a posi-
tive correlation with the excretion of DA, 3-MT, free and total 
MN, and free and total NMN both for 24-h and spot urines 
samples. When biogenic amines concentration measurements 

were normalized to urinary creatinine values, no difference be-
tween 24-h and spot urine samples has been found. This result 
suggests that the renal excretion of DA, 3-MT, free and total 
MN, and free and total NMN could be considered continuous. 
Figures 1 and 2 reveal significant correlations among these 
metabolites between 24-h urine collection and spot urine sam-
ples. This suggests a potential interchangeability or similarity 
between the two collection methods. However, for E and also 
NE, a weaker correlation was observed, indicating less con-
sistency between the 24-h and random urine samples for this 
specific metabolite. Probably, the lack of storage granules of 
NE and E and their rapid conversion into VMA explained their 
frequent increased excretion [34].

Patients diagnosed with PPGL via radiological and histo-
logical confirmation exhibited elevated urinary catecholamine 
levels in both spot and 24-h urine samples (Table 5). Subse-
quent surgical removal of the tumors resulted in the restoration 
of healthy conditions for both patients.

Using spot urine samples for diagnostic purposes could 
offer advantages in situations in which collecting urine over 
a complete 24-h period proves challenging or unfeasible, par-
ticularly in cases involving pediatric patients or instances of 
inaccurate sample collection and storage. This approach has 
the potential to simplify the diagnostic pathway and enable 
prompt intervention for patients diagnosed with PPGL.

Our findings are in accordance with those obtained by Pei-
tzsch et al (2020). They measured urinary catecholamine ex-
cretions at different time of the day in patients with PPGL and 
healthy controls and they demonstrated that HVA, VMA, DA, 
3-MT, NMN and MN showed similar diagnostic sensitivities 
in spot urine and 24-h urine. For these biogenic amines, there 
were no significant differences in their day-to-night excretion. 
They also found that only E and NE showed an important day-
to-night fluctuation in their urinary excretion for both patients 
and controls [35].

Sbardella et al (2020) showed no differences in the di-
agnostic sensitivity of spot urine sampling compared to 24-h 
urine collections and plasma samples when 3-MT, MN and 

Table 3.  MRM Transitions and Retention Time Parameters for Catecholamines and Their Metabolites

Analyte Precursor (Q1) mass (Da) Fragment (Q3) mass (Da) XIC width (Da) Retention time (min)
DA 154 91 0.2 1.51
E 184 166 0.2 1.75
NE 170 152 0.2 2.73
MN 198 165 0.2 0.96
NMN 184 134 0.2 1.37
3-MT 168 91 0.2 0.90
IS DA D4 158 95 0.2 1.49
IS E D6 190 113 0.2 1.74
IS NE D6 176 158 0.2 2.73
IS MN D3 201 183 0.2 0.96
IS NMN D3 187 137 0.2 1.35

3-MT: 3-methoxytyramine; DA: dopamine; E: epinephrine; NE: norepinephrine; MN: metanephrine; NMN: normetanephrine; MRM: multiple reaction 
monitoring; XIC: extracted ion chromatograms.
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Table 4.  PCC Obtained for DA, 3-MT, Total MN and Free MN, Total NMN and Free NMN and Type of Correlation Between Data of 
24-h and Spot Urine Samples

DA 3-MT Total MN Free MN Total NMN Free NMN
PCC 0.788 0.889 0.904 0.877 0.865 0.777
Correlation Strong Strong Strong Strong Strong Intermediate

PCC: Pearson’s correlation coefficient; 3-MT: 3-methoxytyramine; DA: dopamine; MN: metanephrine; NMN: normetanephrine.

Figure 1. Correlation plots between dopamine (a), 3-methoxytyramine (b), total metanephrine (c), free metanephrine (d), total 
normetanephrine (e), and free normetanephrine (f) as a ratio to creatinine concentration measured in 24-h collection and spot 
urine samples.
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NMN urinary concentrations were measured by HPLC-MS/MS 
and normalized to creatinine, although they did not distinguish 
total and free MN and NMN [20]. Regarding 3-MT, it was poor-
ly investigated and our results appear very promising. In fact, 
spot urinary 3-MT outputs corrected for creatinine excretions 
could be particularly useful in NB diagnosis for children. The 
3-MT is considered an important biomarker for NB because it is 
associated with MYC activity: elevated levels of urinary 3-MT 
at NB diagnosis are associated with a poor prognosis [36, 37].

Our results are supported by a recent work published by 
Matser et al (2023) in a retrospective study, although they 
performed catecholamine metabolites measurements in 24-h 
urine and spot urine which were not sampled within the same 
patients [33].

Our study had several limitations. First, as previously de-
scribed, due to the rarity of neuroendocrine tumors, only two 

of the 50 analyzed patients were pathological and showed 
abnormal catecholamines levels, in both spot and 24-h urine 
samples normalized to creatinine. For these patients, the bio-
chemical diagnosis of PPGL was confirmed by radiological 
images and histological analysis. Nonetheless, due to the small 
sample size, our results must be confirmed in larger studies. 
Second, the feasibility of catecholamine metabolite analysis in 
spot urine was not investigated during therapy and follow-up 
of the patients. Lastly, it cannot be excluded that differences 
in sample handling and storage may have led to differences in 
catecholamine concentrations.

Conclusions

The present work suggests that spot urine specimens could be 
used for the diagnosis of PPGL and NB, when 24-h urine sam-
ple collection is complicated. Since variations in the urinary 
concentration of catecholamines and corresponding metabo-
lites during different periods of the day are due to variations 
in renal excretion rather than variation in production, the cat-
echolamine/metabolite assay has to be normalized to urinary 
creatinine concentration for all biomolecules. Only E and NE 
show a weak correlation between results.
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