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Introduction
Hyperprolactinemia is one of the most common endocrine dis-
orders of the hypothalamic-pituitary axis. The prevalence of 
ever-treated hyperprolactinemia is approximately 20 per 100 000 
male patients and approximately 90 per 100 000 female patients. 
In women aged 25 to 34 years, the annual incidence of hyper-
prolactinemia was reported to be 23.9 per 100 000 person years.1 
However, hyperprolactinemia is present in 15% to 20% of 
women presenting with menstrual disturbances.2 The etiology 
of hyperprolactinemia can include physiological, pathological, 
and pharmacological causes. Physiological hyperprolactinemia 
can be seen in pregnancy, lactation, and physical exertion or 
during stress including venipuncture.3 The endocrine society 
guideline endorses a prolactin level >500 μg/L (10 600 mIU/L) 
as diagnostic for macroprolactinoma. It also points out that level 
>250 μg/L (5300 mIU/L) is indicative of presence of a prolac-
tinoma. However, the guideline did mention that selected drugs 
including risperidone and metoclopramide, may cause prolactin 
elevation above 200 μg/L (4240 mIU/L) in patients without 
evidence of adenoma. In case of minimal prolactin elevation, 

non-prolactin secreting mass should first be considered even 
though prolactinoma can cause mild elevation.1 Prolactin values 
between the upper limit of normal and 2000 mIU/L may be due 
to psychoactive drugs, estrogen, disconnection hyperprolactine-
mia (caused by a non-functioning pituitary or non-pituitary 
tumor), infiltrative diseases of the hypothalamus (such as histio-
cytosis), primary hypothyroidism, renal failure or functional 
(idiopathic) causes, or microprolactinomas.4,5 Raised prolactin 
due to venipuncture is usually (but not always) <1000 mIU/L.6 
Therefore, when initial prolactin values are above the normal 
laboratory range, but not high enough to clearly indicate a pro-
lactinoma, sampling should be repeated on another day.4 In 
addition to that, the reported prevalence of macroprolactin in 
hyperprolactinemic patients ranges from 4% to 46% depending 
on the assay and referral population and needs to be excluded. 
The interference of macroprolactin has been overcome by the 
routine use of polyethylene glycol precipitation.7 The Endocrine 
Society guideline recommends a single measurement of serum 
prolactin above the upper limit of normal to confirm the diag-
nosis of hyperprolactinemia provided that the serum sample 
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was obtained without excessive venipuncture stress.1 This may 
lead to over-diagnosis and unnecessary imaging as it is impos-
sible to know whether stress caused by venipuncture would have 
caused prolactin elevation. Therefore, the Endocrine Society 
guideline does emphasize that when in doubt, sampling can be 
repeated on a different day at 15 to 20 minutes intervals to 
account for possible prolactin pulsatility.1 A previous study 
showed that almost one third of patients with previously 1 ele-
vated prolactin level normalized prolactin during a cannulated 
prolactin test.8 The aim of current study was to assess the value 
of the cannulated prolactin test to rule out venipuncture-
induced hyperprolactinaemia in patients who had a persistently 
mildly elevated random prolactin.

Methods
The study was conducted as an audit and was approved by the 
Imperial College Healthcare NHS Trust audit and governance 
committee. As it only included non-identifiable clinical audit 
data, no additional approval from a research ethics committee 
was required under the UK policy framework for Health and 
Social Care.

Audit registration number is ASM_HH_14. Consent was 
not needed for this study as only retrospective data were col-
lected without any intervention.

Data were collected retrospectively for 42 patients who had 
a cannulated prolactin test between January 2017 and May 
2018. Prolactin elevation was confirmed with repeat random 
prolactin testing, excluding the presence of macroprolactin 
(negative) and exclusion of secondary causes including medica-
tion review, thyroid, liver, and renal function tests if not done 
before, and a pregnancy test in females. In our practice, all 
hyperprolactinemic samples are screened for macroprolactin 
using PEG precipitation. Macroprolactinemia is defined as 
positive when the recovery rate is <40% of prolactin after PEG 
precipitation. Recovery of more than 50% is considered macro-
prolactin negative and recovery of 40% to 50% is considered 
equivocal.

Following clinical review, patients who had a persistently 
mildly raised prolactin who were macroprolactin negative and 
did not have a secondary cause were referred for a cannulated 
prolactin test.

The test was performed between 09:00 and 12:00 am in an 
ambulatory endocrine investigation unit at fasting state irrespec-
tive of the menstrual cycle phase in female patients. After can-
nula insertion, blood for prolactin measurements was drawn 
from the cannula at 0, 60 and 120 minutes. Patients were asked 
to rest between the sampling procedures. Normalization is 
defined as a prolactin drop to gender-specific normal reference 
ranges, which are 100 to 500 mU/L for females and 60 to 
300 mU/L for males. Repeat random prolactin and cannulated 
prolactin test levels were analyzed in the same lab using the 
Abbott architect immunoassay analyzer (Abbott Diagnostics, 
Maidenhead, UK) with an intra- and inter-assay coefficient of 
variation (cv) of serum prolactin of 1.6% and 2.5%, respectively.

Statistical Analysis
Proportional outcomes were presented as numbers and per-
centages. Continuous values were expressed as mean with 
standard deviation (SD) or median with range if normally or 
non-normally distributed respectively. We performed Chi-
Square and Fisher’s Exact tests for categorical variables, t tests 
for normally distributed variables and Mann–Whitney U test 
for non-normally distributed variables. A 2-tailed probability 
value of <5% was considered statistically significant. Statistical 
analysis was performed using statistical software (Stata13, 
Stata corp LP, Texas).

Results
In this cohort, the mean age of patients was 33.8 years (SD ± 9.9). 
The majority of patients were female (37 patients or 88%). 
There was a good correlation between the referral and the repeat 
random prolactin levels (Figure 1). The cannulated prolactin 
normalized in 12 (28.6%) patients, while it remained elevated in 
30 (71.4%) patients. Repeat random prolactin was significantly 
higher in patients whose prolactin level did not normalize in a 
cannulated prolactin test (Table 1 and Figure 2). The main pre-
senting symptoms were menstrual irregularities (amenorrhoea, 
oligomenorrhoea, prolonged cycle length) in 28.57% of the 
patients whereas 19% were asymptomatic (Figure 3). Overall, 
there was no significant difference in symptom distribution 
between patients whose prolactin normalized and those patients 
whose prolactin did not normalize during the cannulated prol-
actin test (P .397). Pituitary MRI was available for 93% (28/30) 
patients who did not normalize their prolactin. There were 
pituitary abnormalities in 23 out of 28 (82%) and the majority 
of patients was found to have a pituitary microadenoma (18 
patients) as shown in Figure 4. The median (range 5%-95%) 
size of the lesion was 6 (3-10) mm. Out of the patients who 
normalized prolactin during a cannulated prolactin test, 2 had 
normal pituitary MRI prior to the referral. Among the 5 male 
patients in the cohort, the median (range 5%-95%) repeat ran-
dom prolactin was 526 (421-892) mU/L. Out of 4 male patients 

Figure 1. Correlation between referral and repeat random prolactin 

levels. Values for both genders are included. N = 37. P value < .0001.
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Table 1. Characteristics of patients based on normalization status in cannulated prolactin test.

NORMAliZiNg 
iN CANNUlATED 
PROlACTiN TEST 
(N = 12)

NON-NORMAliZiNg 
iN CANNUlATED 
PROlACTiN TEST 
(N = 30)

P vAluE

Age (Years) Mean ± SD 33 ± 11 34 ± 10 .67a

Female:Male (N) 11:1 26:4 .554b

Referral Prolactin^ (mU/l) median (range 5%-95%) 901 (454-1501) 1227 (505-3257) .0847c

Repeat random Prolactin* (milliunit/l) median (range 5%-95%) 566 (421-995) 1048 (526-2212) .0011c

MRi performed (N)   2   28 <.05b

MRi abnormality (N)   0   23 .152b

^Referral prolactin levels were available for 38 patients, 10 patients in normalizing group and 28 in non-normalizing group.
*Repeat random prolactin levels were available for 41 patients (11 patients in normalizing group and 30 non-normalizing group).
P value derived from aT-Test, bFisher Exact Test & cMann–Whitney u test.
Normal Prolactin range: Females: 100 to 500 mU/l, Males: 60 to 300 mU/l.

Figure 2. Repeat random prolactin levels based on normalization status 

in cannulated prolactin test. Red crosses represent median values. 

Values for both genders are included. N = 41(11 patients in the normalizing 

group and 30 in the non-normalizing group). P value < .001. Normal 

reference range 100 to 500 mu/l for females and 60 to 300 mu/l for 

males.

who did not normalize prolactin during a cannulated prolactin 
test, 3 patients had no pituitary abnormality and 1 patient was 
found to have a partially empty sella without a distinct pituitary 
lesion. Among patients who normalized prolactin during a can-
nulated prolactin test, 7 patients had normal prolactin levels at 
time 0 of the test, while 3 and 2 patients’ prolactin normalized 
at times 60 and 120 minutes, respectively (Figure 5). In a uni-
variate logistic regression analysis, a single repeat random prol-
actin sample was the only significant predictor for normalization 
in the cannulated prolactin test (P .011).

Discussion
Prolactin is secreted in a pulsatile fashion by pituitary lacto-
troph cells. It has a circulating half-life of 20 to 50 minutes and 
is metabolized by the liver and kidney.2 It has been shown that 

it may also be produced by many extra pituitary cells. Prolactin 
plays an important role in lactation during pregnancy, but it is 
involved in other biological functions such as angiogenesis, 
immunoregulation, and osmoregulation.9 Prolactin exists in 
different forms in human serum with monomeric prolactin 
accounts for 80% to 95% of the total prolactin followed by 
dimeric prolactin that makes up <10%. Macroprolactin 
accounts for <1% of the total prolactin. The overall global 
prevalence estimate of macroprolactin is 18.9% (95% CI: 
15.8%, 22.1%) which necessitates screening for before investi-
gating for causes of elevated prolactin.10

An initial report by Ferriani et al11 demonstrated that the 
stress induced by venipuncture has little influence on serum 
prolactin levels. However, due to the significant variability in 
the concept of stress, the difficulty of quantifying stress and the 
variation in individual sensitivity, doubts persisted regarding 
the need for rest before sample collection for the measurement 
of serum prolactin. Muneyyirci-Delale et  al12 reported that 
serial blood samplings drawn at 0, 30, and 60 minutes from an 
indwelling catheter, as a patient rests in a quiet room, were suf-
ficient to diagnose stress-induced hyperprolactinemia in 20 out 
of 70 (28.6%) women with mild to moderate elevations in 
serum prolactin between 20 and 100 ng/mL (426-2128 mIU/L) 
in 2 or more random blood samples. Ishay et al collected blood 
samples repeatedly under resting conditions from an indwell-
ing venous brachial catheter every 30 minutes for a total of 6 
samples in 3 women with suspected stress-related mild-to-
moderate hyperprolactinemia. All 3 patients achieved normal 
prolactin levels 30 to 60 minutes after starting the test.13 
Another study found that a 15-minute prolactin level follow-
ing intravenous catheterization was not useful to diagnose 
stress-induced hyperprolactinemia, which would be expected 
given the half-life of prolactin.14

A study by Whyte et al showed that prolactin levels normal-
ized in 27% (64/235) of patients with prolactin measurement at 
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Figure 3. Symptom distribution at presentation based on normalization status in cannulated prolactin test. N = 42. P value .397.

Figure 4. Pituitary MRi findings in N = 28 who did not normalize in cannulated prolactin test. Other categories include 2 with cysts and 1 with a partially 

empty sella.

2 time points, 0 and 120 minute, during a cannulated prolactin 
test. It is worth noting that in this study, the cannulated prolac-
tin test was undertaken with previously 1 elevated prolactin 
level only. The baseline prolactin during the cannulated prolac-
tin test was considered as the repeat prolactin.8 In a recent large 
retrospective study by Tsur et al15 included 757 patients, almost 
two thirds of patients normalized their prolactin level in can-
nulated prolactin test. In addition to the findings by Whyte et al 

and Tsur et al, we show that the cannulated prolactin test was 
useful in excluding true hyperprolactinaemia in 28.6% of 
patients with confirmed elevated prolactin levels on more than 
1 occasion (on both referral and repeat random prolactin sam-
ples). Non-normalization during a cannulated prolactin test was 
associated with a significantly higher repeat random prolactin 
level and a higher trend in referral prolactin, but the latter was 
not statistically significant. Given the relatively small sample 
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size and the wide range of repeated prolactin levels in those who 
did not normalize during a cannulated prolactin test, we were 
not able to establish a prolactin threshold where pituitary MRI 
should be performed.

The presence or type of symptoms at the time of presenta-
tion was a poor predictor as to whether true hyperprolactine-
mia was present which is similar to the conclusions reached by 
Whyte et al.8 A possible explanation for this could be that the 
test was performed in patients with mild prolactin elevation 
who would be expected to have mild or non-specific symptoms 
only. Our patients were referred either from general practice or 
other specialties and some patients would have had their prol-
actin level checked without a clear indication. Overall, there 
was no statistically significant difference in symptom distribu-
tion, however, a higher number of patients with menstrual 
irregularities was present in those patients who did not nor-
malize during a cannulated prolactin test (10 vs 2 who did nor-
malize). It would be expected that patients with menstrual 
irregularities would seek medical attention more readily. In 
addition, the decision to investigate often depends on the pri-
mary physician’s threshold to carry out tests which would be 
lower in symptomatic patients.

It is also worthwhile emphasizing that in our practice, the 
decision to carry out a cannulated prolactin test is being made 
at the discretion of the attending physician as would be 

impractical to do cannulated prolactin tests in all patients with 
elevated prolactin levels. Since only patients who had a can-
nulated prolactin test were included in this retrospective study, 
there was no symptom comparison with those who were not 
subjected to a cannulated prolactin test.

In contrast to our study, Avari et al16 reported a 73% nor-
malization during a cannulated prolactin test with 1 prolactin 
measurement after 60 minutes of rest. It is worth mentioning 
that the mean referral prolactin in this study was significantly 
lower (mean 796 mU/L) than in our and in Whyte’s et  al8 
study.

In the study by Whyte et al,8 pituitary MRI was performed 
in 85% (146/171) of patients with true hyperprolactinemia 
(defined by persistent hyperprolactinemia during a cannulated 
prolactin test) of which 65% (95/146) were abnormal. No fur-
ther details of the MRI findings were provided. In our study, 
93% (28/30) underwent pituitary MRI scanning of whom 82% 
(23/28) showed pituitary abnormalities.

In this study, only 5 male patients were included, 4 (80%) of 
whom did not normalize prolactin during a cannulated prolac-
tin test. Out of those 4, only 1 patient had abnormal pituitary 
MRI. The majority of female patients who did not normalize 
prolactin during a cannulated prolactin test were found to have 
pituitary abnormalities. We do not have an explanation for this 
discrepancy, but the small number of male patients included in 

Figure 5. Prolactin levels at the 3 time points in cannulated prolactin test based on normalization status. Values for both genders are included. N = 42. 

One female patient with a pituitary microadenoma on MRi has a missing 120 minute point value. Normal reference range 100 to 500 mu/l for females and 

60 to 300 mu/l for males.
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this study would not allow to draw any conclusions. Our pro-
tocol is not to proceed with pituitary MRI unless there is an 
established biochemical diagnosis of hyperprolactinemia as 
incidental pituitary abnormalities are a common finding and 
are mostly not clinically significant. Imaging patients without a 
prior confirmed diagnosis of hyperprolactinemia using cannu-
lated prolactin test could lead to over-diagnosis and potentially 
unnecessary treatment. Since this study is of retrospective 
nature, MRI for 2 patients with non-normalized cannulated 
prolactin tests were not available. However, even if those 2 
patients had had normal MRI findings, 23/30 (76.7%) patients 
would have been found to have pituitary abnormalities, which 
remains significantly higher compared to the prevalence of 
pituitary incidentalomas in the general population (approxi-
mately 10%).17

Another observation is that the majority of patients (7/12 
patients) who normalized during a cannulated prolactin test 
had a normal prolactin at time 0, which is similar to the results 
reported by others.8,15

In the study by Whyte et al,8 41/64 patients had normal 
prolactin at baseline and an additional 23 patients normalized 
prolactin at 120 minutes. In addition, in the study by Tsur 
et al,15 52.2% of the patients normalized at time 0 and addi-
tional 27.6% patients normalized at 60 minutes and/or 
90 minutes.

One might therefore argue that 3 random prolactin levels 
should be undertaken before a cannulated prolactin series. 
However, it is likely that the normalization of prolactin at time 
0 could be explained by the fact that patients are allowed to rest 
in a quiet room before cannula insertion. In addition, this 
would have required the 30 patients who did not normalize to 
have 1 further attendance before the cannulated prolactin. A 
calm venepuncture environment is the ideal situation when 
drawing prolactin samples. Where possible, repeated prolactin 
normalized without the need for cannulated prolactin. 
However, in cases with repeated mild elevated hyperprolactine-
mia, robust evidence of true hyperprolactinemia should be 
sought before proceeding with imaging. The cannulated prol-
actin test can be easily done by nursing staff in an ambulatory 
day unit and only requires an indwelling catheter for 2 hours.

Apart from the relatively small sample size, our study has 
some limitations. Because of the retrospective study design, 
some data were missing. We only had referral prolactin levels 
for 38 patients and repeat random prolactin levels for 41 
patients. We did not collect data of body weight and BMI. In 
a follow up study, it would be interesting to look for weight 
differences between patients who normalize versus those 
who do not normalize during a cannulated prolactin test. 
Pereira-Lima et  al18 showed that the prevalence of obesity 
was significantly higher in hyperprolactinemic patients 
regardless of the degree of obesity and the cause of hyperpro-
lactinemia. The cannulated prolactin test focuses on the 
stress of venipuncture, but any physical or psychological 

stress such as an anxiety can cause mild hyperprolactinemia 
that might potentially also resolve during cannulated prolac-
tin sampling. Also, our study lacks information about the 
levels of circulating estradiol and gonadotropins which may 
aid in differentiating true hyperprolactinemia”

Conclusion
Reliance on 1 single random measurement of mild prolactin 
elevation leads to over-diagnosis of hyperprolactinaemia and 
inappropriate investigations. A cannulated prolactin test is a 
simple, but reliable method to rule out hyperprolactinaemia 
related to stressful venipuncture. It is of value in the context of 
mildly elevated prolactin levels, even on repeated occasions. 
Therefore, it could be considered as part of the investigations 
for mild hyperprolactinaemia with negative macroprolactin 
and absent secondary causes before exposing the patient to 
pituitary imaging.
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