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Abstract

Objectives: Limited data are available on the hormonal
response of children to venepuncture or intravenous can-
nulation (IVC). Catecholamines (epinephrine (E) and norepi-
nephrine (NE)) have been traditionally recognized as stress
hormones. Copeptin, the carboxyl-terminus of the arginine
vasopressin (AVP) precursor peptide, is also a knownmarker
for stressful stimuli, includingmyocardial infarction, critical
illness, and sepsis. We aimed to measure the above stress
markers in response to IVC in the pediatric population.
Methods: We measured plasma E, NE and serum copeptin
concentrations in 100 children aged 5–17 years undergoing
endocrine testing. Labs were drawn 1–3 min (min) after
placement of IV cannula (baseline or 0 min) and then
re-measured 20min later (+20 min) while subjects rested in
a quiet room.
Results: Between 0 and 20min, the median (IQR) NE (n=99)
changed from 349 (244, 482) pg/mL to 253 (184, 348) pg/mL
(p<0.001); E (n=54) changed from 57 (43, 116) pg/mL to 57 (38,
96) pg/mL (p=0.024); Copeptin changed from 9.4 (6.3, 15.2)
pmol/L to 9 (5, 13) pmol/L (p<0.001). The mean decrease

(delta) was 106 pg/mL for NE (28 %, p<0.001), 16 pg/mL for E
(18 %, p=0.042) and 2.7 pmol/L for copeptin (17 %, p=0.012).
There was no correlation between the decrease (expressed
as a percentage) in NE vs. E, E vs. copeptin, and NE vs.
copeptin.
Conclusions: Our data suggest that the stress of IVC induces
a rapid increase in NE, E, as previously described, as well as
copeptin levels. The copeptin decrement, concordant with
the catecholamine trend in the minutes after IVC, supports
this peptide (and AVP) as a rapid response marker of stress,
and has unclear practical implications for copeptin mea-
surements in evaluating fluid and sodium metabolism
disorders in children.
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Introduction

Venepuncture and IV cannula insertion are the most
common causes of stress and pain in the medical setting for
the pediatric population [1]. Although stress hormone levels
are presumed to rise in the minutes following intravenous
cannulation (IVC), limited data are available in this regard.

Catecholamines (epinephrine, norepinephrine, and
dopamine), have been traditionally described as stress
hormones and shown to increase in settings of physical
pain andmental stress. Epinephrine andmetanephrine are
primarily secreted by the adrenomedullary chromaffin
cells, while most of the circulating norepinephrine and
normetanephrine are released by the synapses of sympa-
thetic nerves.

Arginine vasopressin (AVP), also known as antidiuretic
hormone, is co-released with copeptin in a one-to-one equi-
molar ratio from the posterior pituitary into the systemic
circulation in response to hemodynamic and osmotic stimuli
primarily to preserve vascular tone (via the V1a receptors,
V1a-R) and fluid homeostasis (via the V2-R). A second
neurosecretory pathway delivers AVP from parvocellular
neurons through the portal vessels to the anterior pituitary,
where it acts synergistically with corticotropin-releasing
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hormone (CRH) to stimulate adrenocorticotropic hormone
(ACTH) and subsequently cortisol synthesis in response to
stressors (via the V1b-R). Moreover, AVP binding to the V1b-R
in the adrenal medulla results in short-term catecholamine
secretion [2, 3]. AVP is thought to mediate pain perception
through centrally located V1a and V1b receptors [4]. Arginine
vasopressin (AVP) is thus recognized as a hypothalamic
stress hormone, but its accurate quantitation in plasma is
difficult due to pre-analytical and analytical hurdles [5],
therefore limiting its use as a stress marker.

On the other hand, copeptin is a stable peptide that can
bemeasured accurately by a robust immunometric assay [6],
and as a reliable surrogate of AVP, can be utilized as a stress
marker. Previous studies demonstrated elevated copeptin
levels in the settings of myocardial infarction, sepsis, and
other conditions of acute stress [7]. However, limited data
are available on circulating copeptin levels and their rela-
tionship with catecholamine levels in the context of painful
stimuli.

This study aimed to assess the response of catechol-
amines and copeptin to IVC in a cohort of healthy children.

Subjects and methods

A convenience sample of 100 children and adolescents who
presented to the UPMC Children’s Hospital of Pittsburgh’s
outpatient Endocrinology testing unit was included in the
study. Subjects were scheduled to undergo a growth hor-
mone stimulation test or other endocrine tests (i.e., oral
glucose tolerance test, ACTH stimulation test, Leuprolide
stimulation test) as part of their routine clinical care. The
subjects were evaluated for conditions such as short stature,
possible glucose intolerance, and adrenal or pubertal dis-
orders. They were otherwise healthy with no known history
of ongoing medical issues such as electrolyte abnormalities,
chronic pain syndromes, or inflammatory conditions. Most
were on no medications; a few patients were taking medi-
cations known not to interfere with the assay for E or NE.
Written informed consent (and assent from children 10
years or older) was obtained from the legal representatives
of each subject and participant, respectively, before partic-
ipation. This study was approved by the Institutional Review
Board of the University of Pittsburgh (PRO19120068).

After an overnight fast, the subjects arrived at the
testing room and lay in a resting, semi-recumbent position,
with the head and chest about 45° above the horizontal line.
This position was selected after several attempts as the most
comfortable and agreeable for children who consistently
wanted to watch the IVC procedure and would not accept
lying supine in most instances. They were kept in this same

position from 10 min before IVC placement until the collec-
tion of 2 blood samples for this study was completed, as
detailed below. IVC was performed by highly trained nurses
in our endocrinology testing unit, with a 23-G angiocatheter
exclusively. Only children with a single successful attempt
for IVC using distraction techniques (no topical anesthetics)
were included. Blood samples formeasuring copeptin, E, NE,
and dopamine (DA) were collected before administering any
agent by the oral or parenteral route per the test protocol.
Each subject had two separate blood collections. The first
sample was drawn 1–3 minutes (min) after placement of an
IV cannula (0-min or baseline sample). A minimum of 1 min,
but generally 90–180 s, was the time needed for the nurses to
tape the IV in place and obtain blood for the analytes
necessary for hormone testing, after which the samples for
copeptin and catecholamines were obtained. We deemed
this time interval of 1–3 min after IVC appropriate to allow
the secreted copeptin and catecholamines to reach the pe-
ripheral circulation from their release site. A second blood
sample was obtained 20 min later (20-min sample) from the
indwelling IV cannula.

Blood for catecholamines was drawn in chilled hepa-
rinized tubes, kept on ice, and promptly spun. The serum for
copeptin was separated after spontaneous clotting of the
blood samples. Plasma and serum samples were immedi-
ately frozen and kept at −80 °C until analyzed. Samples were
analyzed at Quest Laboratories-Nichols Institute, San Juan
Capistrano, CA.

E, NE, and DA concentrations were measured in the
plasmausingHPLC+ electrochemical detection (HPLC-ED) for
the first 86 subjects (172 samples), and by LC/MS/MS (LCMS)
for the last 14 subjects (28 samples) due to a change in meth-
odology at the laboratory. When samples were analyzed and
compared with both methodologies in a different subset of
subjects (n=170) for study validation purposes, a good to
excellent correlation between the two methods was demon-
strated. Below, we indicate the equations to convert the re-
sults obtained via LCMS indicated by y) methods to the
corresponding HPLC-ED (indicated by x) values.

Norepinephrine: y=1.081*x–43.40 (R2=0.92)
Epinephrine; y=1.040*x–7.74 (R2=0.75)
Dopamine: y=0.8656*x–3.303 (R2=0.65).
The limit of quantitation (LOQ) for the HPLC-ED assay

was 20 pg/mL for both E and NE. The intra-assay coefficient
of variation (CV) was ≤7.8 % for E, ≤2.4 % for NE, while the
inter-assay CV was ≤7.9 % for E, ≤2.9 % for NE. For the LCMS
assay, the LOQwas 8 pg/mL for E, 15 pg/mL for NE. The intra-
assay CV was ≤6.3 % for E, ≤10 % for NE. and the inter-assay
CV was ≤6.7 % for E and ≤9.5 % for NE. Due to insufficient
serum volume, in 40 sets of paired patient samples
(measured by the HPLC-ED method), one or both plasma
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specimens (0 and/or 20 min) had to be diluted 1:1 for the E
assay, resulting in a LOQ of 40 pg/mL.

The reference range provided by the laboratory, based
on the HPLC-ED methodology for adults (no pediatric ref-
erences were available): supine values, for age 18 years or
older is: E 0–58 pg/mL, NE 149–564 pg/mL. For dopamine, the
LOQ by the HPLC-ED method was 10 pg/mL, and reference
interval for adults was 0–16 pg/mL (supine), 0–27 pg/mL
(upright).

Serum copeptin was measured by an automated 2-site
immunofluorescent assay (B·R·A·H·M·S Copeptin proAVP
KRYPTOR, Thermo-Fisher Scientific) at Quest Laboratories.
The KRYPTOR assay is linear from 2 – 500 pmol/L with a LOQ
of 2 pmol/L, an intra-assay coefficient of variation (CV) ≤5.2 %
and inter-assay CV ≤3.7 %. Reference ranges provided by
the Laboratory are 2.4–26 pmol/L for age 3–17.9 years,
<13.7 pmol/L for age 18 years or older, with no reference to
fluid status. As copeptin levels are affected by water intake
in the previous several hours, our own reference values are
derived from a series of 85 children, following an overnight
fast and fluid restriction of ≥8 h, after exclusion of outliers
with very high copeptin levels [8]. In this cohort, the median
copeptin concentrations were 8.0 (6, 11.5) pmol/L, with a
range of 3–21 pmol/L. For comparison, Tuli et al. [9] reported
values (median 10.6 pmol/L, range 3.3–14.9) in children
similarly fasted overnight.

The distribution and spread of the data were visually
assessed using histograms and boxplots. Data for the analyte
concentrations at baseline and 20 min were presented as
median (interquartile range) due to non-normal distribu-
tion. Significance of the median concentrations between
baseline and 20-min samples was assessed via Wilcoxon-
Signed Rank test. The shape of the percent changes of the
analytes at two time points (i.e., percent change in NE
between 0 and 20min) were assessed to follow a normal
distribution. As such, the significance of the percent changes
in the mean differences between catecholamines and
copeptin was assessed via a one-sample, two-tailed t-test
against the reference zero. Correlations between copeptin
and catecholamines were determined using Spearman cor-
relation coefficients (r). A simple linear regression model
was built using age as the predictor and the delta concen-
trations as the dependent variables; however, the assump-
tions of the regression models were significantly violated
givennon-normal distribution of the delta values.We did not
consider transforming the data to conduct the regression
analysis due to complexity of the interpretation of output.
Significance was determined by a p-value of <0.05. All ana-
lyses were completed with IBM SPSS Statistics for Windows,
Version 28.0 (Armonk, NY: IBM Corp) and GraphPad Prism
version 9.5.1 forWindows (GraphPad Software, Boston, MA).

Results

Blood samples were collected and analyzed from 100 chil-
dren and adolescents undergoing endocrine testing. Median
age was 12 years (range 5–17 years), and 71 % of the partic-
ipants were male in this cohort.

Norepinephrine (NE) values were available in 99 sub-
jects at both data points (0 and 20 min, paired samples). One
sample was missing due to not enough blood quantity. Me-
dian (IQR) NE concentration decreased from 349 (244, 482)
pg/mL at baseline to 253 (184, 348) pg/mL at 20 min (p<0.001),
and this corresponds to an average of 106 pg/mL or a 28 %
reduction in mean NE from baseline (p<0.001) (Figure 1A).

Epinephrine (E) values were measured in all 100 sub-
jects at both data points. However, the concentrations were
below the detection limit of the assay (20 pg/mL) in 6 sub-
jects; they were <40 pg/mL in another 40 subjects, whose
plasma sample had to be diluted 1:1 due to insufficient
volume. After these 46 subjects were excluded, paired data
were available in 54 subjects. Median (IQR) E changed from
57 (43, 116) pg/mL at baseline to 57 (38, 96) pg/mL at 20 min
(p=0.024), and this corresponds to an average of 16 pg/mL or
an 18 % reduction in mean E from baseline (p<0.042)
(Figure 1B).

Dopamine (DA) values were also measured in all 100
subjects at both data points. However, the concentrations
were below the assay’s detection limit in 81 subjects
(including several subjects whose serum had to be diluted,
due to insufficient volume), so paired data were available in
only 19 subjects. Themedian (IQR)DA concentration changed
from 21 (19, 26) pg/mL at baseline to 20 (18, 25) pg/mL at
20 min (p=0.083). Mean reduction in percent DA change was
also insignificant (p=0.934) (data not shown in the Figure).

Over 95 % of the E, NE and DA values, both at 0 and
20min, were in the reference range. When the levels
measured by the LCMS method (n=14) were converted to
HPLCusing the appropriate conversion factor, the difference
remained significant for NE and E values and insignificant
for DA.

Copeptin values were measured in 51 subjects at both
data points, but 2 baseline data were missing due to insuf-
ficient blood quantity to run the test. As such, paired data
was available in 49 subjects. Median (IQR) copeptin con-
centration changed from 9.4 (6.3, 15.2) pmol/L at baseline to 9
[5, 10] pmol/L at 20 min (p<0.001), and this corresponds to an
average of 2.7 pmol/L or a 17 % reduction in mean Copeptin
concentration from baseline (p=0.012) (Figure 1C).

We then explored the correlation between percent
changes of all variables (NE, E, DA, copeptin) to determine
their relationship (Figure 2). We found no correlation
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between NE and E (n=54; r=0.08, p=0.95), NE and Copeptin
(n=48; r=−0.11, p=0.45) or E and Copeptin (n=25, r=0.32,
p=0.11) Percent change data for DA vs. the other analytes
could not be meaningfully expressed, due to the small
sample size. Scatter plot matrix shows the relationship of
percent changes of NE, E and copeptin (Figure 2). There was
no correlation between age and baseline or +20 min con-
centrations of E, NE or copeptin.

Discussion

In this study, we measured the plasma catecholamines and
serum copeptin levels shortly after insertion of an IV

catheter and 20min later in otherwise healthy children
undergoing endocrine stimulation tests as part of their
routine care. Our data show that, after 20 min of IVC place-
ment, circulating levels of NE, E, and copeptin decreased
significantly.

Venepuncture-associated pain and stress have been the
focus of investigation for decades [11, 12], as they have been
assumed to falsely increase catecholamine and meta-
nephrine plasma concentrations in subjects being evaluated
for pheochromocytomas/paragangliomas (PPGL), resulting
in false positive results in unaffected individuals [13]. The
study by Eijkelenkamp et al. [10] measured plasma cate-
cholamines and metanephrines in blood samples obtained
from an IV cannula in 22 adults, who had been resting for
30 min in the supine position, following the guidelines
suggested for the diagnosis of PPGL [14]. They compared
those values to the ones obtained immediately after ven-
epuncture in the same subjects from a contralateral vein and
found E, but not NE, to be significantly higher after direct
venepuncture. They do not specify, however, how long after
the venepuncture the blood was obtained. As epinephrine
(released by the adrenal glands) and NE (released predom-
inantly by peripheral sympathetic nerves) may take some
time to reach the periphery, it is important to standardize
the time of blood draw, and it is difficult to compare studies
using different experimental conditions.

In our series, we observed a significant decrease in
plasma NE and E concentrations from 0 to 20 min, similar to
the trend reported by Eichler et al. [11] in a small group of
children. Overall, these findings are in keeping with the
hypothesis that the stress of IVC induces a rapid increase in
NE levels shortly after IV placement, followed by a rapid
decrease related to the short half-life of NE once the stimulus
of venepuncture abates. Epinephrine plasma concentrations
followed the same pattern, and the decrement between
baseline and 20 min achieved statistical significance, too,
despite a smaller sample size (46 subjects were removed
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Figure 1: Distribution of norepinephrine, epinephrine and copeptin values at baseline and 20 min. The boxplots indicate the median and IQR, and the
whiskers indicate 1.5 times the IQR. Dots represent individual observations outside of the expected range (i.e., outliers).

Figure 2: Correlation matrix assessing the linear relationship between
percent changes of norepinephrine, epinephrine and copeptin between
0 and 20 min.
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from data analysis due to undetectable E levels). No trend
was noted for dopamine concentrations, but the sample size
was too small for a reliable assessment. The different pattern
of catecholamine decrease noted with the above-mentioned
study in adults [10] may suggest that, in addition to differ-
ences in blood sampling methodology, age or other factors
may contribute to the variance between studies.

Our study has several weaknesses. We used less-than-
ideal experimental conditions. After a few attempts at
different positioning of patients, we found that most chil-
dren were opposed to lying in the supine position at the
time of IVC. Thus, for uniformity of sampling conditions, we
elected to keep the subjects in the same 45-degree semi-
recumbent position, which all the subjects maintained
from the beginning to the end of the study. To accommodate
our nurses’ busy testing schedule, we had our subjects rest
in the above noted position for ≥10 min, rather than
the ≥20 min generally recommended [15] and we measured
the second sample at 20, rather than the 30 min tradition-
ally recommended for catecholamine sampling after ven-
epuncture. The 10 and 20-min intervals we used however,
correspond to ∼ 3 – 5 half-lives of E and NE [16] and thus
should allow sufficient time for clearance of a higher
posture-related level or a phlebotomy-related catechol-
amine “pulse”. We acknowledge that prolonging both the
initial rest period and the interval between blood draws to
30 min and/or having a control group of children resting for
a longer period would have been more definitive, but it
would have required much higher financial and personnel
resources not available to us for this study in our current
clinical setting. Another possible confounder is the known
minute-to-minute spontaneous pulsatility of catecholamine
levels [17]. As the oscillations of E and NE concentrations
occur randomly, it is unlikely that they affected the statis-
tical trend in one direction as we observed. Circadian and
ultradian rhythms have not been consistently shown for
catecholamines [17], and they would not affect their con-
centration anyway, within the short interval of 30 min for
testing occurring at the same time of the day. Finally, we
were unable to measure free plasma metanephrines due to
limits on blood volume drawn.

This study also shows, for the first time per our knowl-
edge, a significant decrease in serum copeptin concentra-
tions in the 20-min following phlebotomy, congruent with
the decrease in NE and E concentrations during this interval,
which suggests a similar stress-related response to the
stimulus of IVC for this peptide.Wehave previously reported
that this effect may be amplified and result in extremely
elevated copeptin concentrations after venepuncture in a
small percentage of children [8] which should be kept in
mind while analyzing copeptin concentrations. Lack of

correlation between the percent decrease of NE vs. E, NE vs.
copeptin, and E vs. copeptin between 0 and 20min may be
related to separate sites of secretion and different regulatory
mechanisms for these analytes. Additionally, regarding
copeptin vs. catecholamines, the poor correlation could also
be related to copeptin having a much longer half-life (esti-
mated to be between 20 and 30 min) [18] than that of cate-
cholamines (a few minutes) in circulation.

It is unclear whether the significant, albeit quantita-
tively modest, decrement in copeptin concentrations may
have practical implications regarding the timing of the blood
sample when copeptin is measured for the diagnosis of
conditions of water and sodium dysregulation [19]. Regard-
less, these data suggest that random copeptin concentrations
should be interpreted with the knowledge that they could be
higher if obtained in the first few minutes of venepuncture
rather than several minutes later.

Our conclusions are limited to our specific blood sam-
pling protocol, in which E, NE and copeptin were measured
at least 1 min after the venepuncture. If these analytes were
to be measured in the first milliliters of blood obtained
immediately after the venepuncture, before they achieve
systemic concentrations in peripheral blood from their
release site, the findings might be different.

This study contributes to the scarce pediatric reference
data on plasma E and NE and provides reference values for
these hormones and copeptin, that may be useful to
objectively assess the response of children to different in-
terventions to limit the pain and stress of intravenous
cannulation [20]. It may also contribute to the database on
testing used in the work-up for the diagnosis of PPGL in
children. At this regard, a limitation of this study is that due
to constraints on the volume of blood obtained, we could
not measure plasma free metanephrines. Quantitation of
these compounds is the preferred methodology for the
diagnosis of PPGL due to their plasma concentrations
believed to be less variable than those of E and NE, as they
are produced continuously and independently of cate-
cholamine release by intracellular O-methylation after
leakage of the parent amines from chromaffin granule
stores in the cytoplasm [21]. However, the previously
quoted study by Eijkelkamp et al. [10] showed that blood
sampling by venepuncture resulted in a significantly
higher metanephrine, normetanephrine, and epinephrine
compared to sampling by an indwelling catheter, suggest-
ing that the same precautions should be used when
measuring plasma E, NE, and their meta-derivatives.
Reference data on plasma free metanephrines and their
response to venepuncture in children, under strict and
standardized sampling conditions, are needed to build on
the above data.
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