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Summary
Polyuria-polydipsia syndrome consists of the three main
entities: central or nephrogenic diabetes insipidus and primary polydipsia. Reliable distinction between these diagnoses is essential as treatment differs substantially, with
the wrong treatment potentially leading to serious complications. Past diagnostic measures using the classical water deprivation test had several pitfalls and clinicians were
often left with uncertainity concerning the diagnosis.
With the establishment of copeptin, a stable and reliable
surrogate marker for arginine vasopressin, diagnosis of
the polyuria-polydipsia syndrome has been newly evaluated. Whereas unstimulated basal copeptin measurement reliably diagnoses nephrogenic diabetes insipidus,
two new tests using stimulated copeptin cutoff levels
showed a high diagnostic accuracy in differentiating central diabetes insipidus from primary polydipsia. For the hypertonic saline infusion test, osmotic stimulation via the induction of hypernatraemia is used. This makes the test
highly reliable and superior to the classical water deprivation test, but also requires close supervision and the
availability of rapid sodium measurements to guarantee
the safety of the test. Alternatively, arginine infusion can
be used to stimulate copeptin release, opening the doors
for an even shorter and safer diagnostic test. The test protocols of the two tests are provided and a new copeptinbased diagnostic algorithm is proposed to reliably differentiate between the different entities. Furthermore, the role
of copeptin as a predictive marker for the development of
diabetes insipidus following surgical procedures in the sellar region is described.
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other. Diabetes insipidus must then be further differentiated into central or nephrogenic origin. The underlying cause
of central DI is deficient synthesis or inadequate secretion
of arginine vasopressin (AVP) upon osmotic stimulation.
This deficiency is usually acquired from disorders causing
a disruption in the neurohypophysis (details in table 1), but
also several genetic mutations of the AVP gene and other
mutations have been described [2]. Nephrogenic DI, on the
other hand, is characterised by decreased renal sensitivity
to AVP. Although there are congenital forms due to mutations of the type-2 AVP receptor (AVPR2) gene or aquaporin 2 (AQP2) water channel gene [3], it is more often
caused by adverse effects of drugs such as lithium or electrolyte disorders such as hypercalcaemia or hypokalaemia
(table 1). Central or nephrogenic DI can appear as complete or partial forms, which makes it further challenging
to differentiate them from PP. PP is characterised by excessive fluid intake and consecutive polyuria despite adequate AVP secretion and renal response to it. The chronic polyuria gradually decreases the concentrating ability
of the kidneys, which explains the difficulties in differentiating it from DI [4]. However, differentiation between
these entities is crucial, as treatment differs substantially
and a wrong diagnosis can lead to serious compliations
such as water intoxication [5]. Despite the importance of
a reliable diagnostic measure, the water deprivation test,
which is considered as the current gold standard, has a
low diagnostic accuracy [1, 6, 7]. With the establishment
of copeptin measurement, a stable and reliable surrogate
marker for AVP, diagnosis of the polyuria-polydipsia syndrome has been re-evaluated and improved. This overview
will first cover the different entities of polyuria-polydipsia
syndrome and then focuse on copeptin and its role in the
differential diagnosis of diabetes insipidus in adult patients.
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Polyuria-polydipsia syndrome – characterised by a high
(>50 ml per kg body weight per 24 hours) output of hypotonic urine accompanied by increased fluid intake of
more than 3 litres a day [1] – is a clinical picture that
challenges specialists from internal medicine, endocrinology and nephrology alike. Whereas osmotic diuresis, as
in uncontrolled diabetes mellitus, is a straight forward diagnosis, the differential diagnostic challenge of hypotonic
polyuria lies in the distinction between diabetes insipidus
(DI) on the one hand, and primary polydipsia (PP) on the
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Polyuria-polydipsia syndrome
Polyuria-polydipsia syndrome is divided into central and
nephrogenic DI and PP.
With a prevalence of around 1:25,000 [8] DI is a rare disease. It has a similar prevalence among males and females
and can manifest at any age. Whereas central DI is characterised by a complete (complete central DI) or partial
(partial central DI) deficiency of AVP secretion upon osmotic stimulation from the pituitary [9, 10], nephrogenic
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diabetes insipidus results from AVPresistance of the kidneys [3], both leading to hypotonic polyuria with compensatory polydipsia. Numerous conditions affecting the hypothalamic-neurohypophyseal system can lead to central
DI, the most common being trauma resulting from surgery,
tumours or other infiltrative diseases [11, 12] (table 1).
Genetic forms (mutations in the AVP genes, X-linked recessive mutations, mutations in the WFS-1 and PCSK1
genes) have also been described and are known as familial
central DI [2, 13]. Another rare form of DI is gestational
DI, which is characterised by increased AVP metabolism
due to the placental enzyme vasopressinase [14, 15]. In
some patients there is an underlying mild partial central DI,
which becomes apparent only during pregnancy, whereas others have a normal function of the neurohypophysis
but high levels of the placental vasopressinase, mainly due
to twin pregnancy [16, 17]. Disorders that affect not only
AVP secretion but also thirst perception are the most challenging forms of central DI to treat [18]. As these patients
fail to compensate the polyuria with polydipsia, they usually present with severe hypernatraemia and their daily fluid
intake has to be closely monitored [19, 20].
Lack of AQP2-mediated water reabsorption in the collecting duct is the main cause for nephrogenic diabetes insipidus. This is most frequently secondarily caused by certain drugs, such as lithium or electrolyte disorders, but also
occurs as the result of gene-mutations in the key proteins
vasopressin V2 receptor or AQP2 (table 1) [3].
PP is the third player in the polyuria-polydipsia syndrome.
It is characterised by excessive fluid intake despite physiological secretion of AVP and adequate renal response to
it. In chronic PP, long-term increased water diuresis blunts
the gradient of the renal medullary concentration (so-called
washout phenomenon) and, owing to the suppressed endogenous AVP, leads to a downregulation of the AQP2
channels in the proximal tubule and in the collecting duct.
Those changes mimic diabetes insipidus, making any diagnostic evaluation of the urine osmolality and urinary output difficult [21]. Although severe forms of PP have been

described in psychiatric patients, it is nowadays also increasingly observed in health-conscious persons who exhibit fluid intake above the normal thirst threshold.

Copeptin
Located in the posterior pituitary and hypothalamic magnocellular cells, AVP is the main regulating hormone of
body fluid homeostasis. It promotes water reabsorption via
the V2 receptors in the kidneys, with increase of plasma osmolality being the main stimulus and hypovolaemia
the main non-osmotic stimulus. AVP measurement could
therefore theoretically be helpful for the differential diagnosis of diabetes insipidus. However, because of complex
preanalytical requirements that make measurement difficult and time consuming with only a few reliable assays
available, it failed to enter clinical practice [22].
Copeptin derives from the precursor protein pre-pro-vasopressin together with AVP and neurophysin II and was detected in 1972 in the posterior pituitary of pigs [23, 24]
(fig 1). It mirrors AVP concentrations [25], but unlike AVP
it is stable and can be easily measured with commercially available assays. The two CE certified assays currently
available are the original manual sandwich immunoluminometric assay (LIA) [26] and its successor the automated immunofluorescent assay (KRYPTOR platform). Other
commercially available copeptin assays are mostly enzyme-linked immunosorbent assays, which are not approved for diagnostic purposes. Further advantages of
copeptin measurement are that it is stable at rome temperature for 7 days, that only a small sample volume is needed (50 μl of serum or plasma), that there are no preanalytical procedures and that results are usually available within
0.5−2.5 hours.
Beyond its function as a reliable AVP surrogate marker
[26, 27], the physiological function of copeptin is largely
unknown. Involvement of copeptin as a prolactin-releasing
factor [28, 29], a role in the folding of the AVP precursor
[30], aswell as involvement in granule sorting and regu-

Table 1: Characteristics of the different entities of the polyuria-polydipsia syndrome.
Polyuria-polydipsia entity and its
defect:

Acquired causes

Hereditary causes

Characteristics

Trauma
Neoplasia
Vascular
Granulomatous
Infectious
Inflammatory
Toxic
Idiopathic

AVP mutations
WFS1 mutations
PCSK1 mutations
X-linked recessive mutations

Persistent symptoms cave: no polydipsia in patients with osmoreceptor dysfunction (adipsic DI)
Loss of pituitary bright spot
Pituitary stalk enlargement
Family history

Drug induced (lithium)
Hypercalcaemia
Hypokalaemia
Infiltrating lesions
Vascular disorders

AVPR2 mutation
AQP2 mutation

Medication history
Family history

Central diabetes insipidus
AVP deficiency

Nephrogenic diabetes insipidus
Reduced renal sensitivity to AVP

Primary polydipsia
Excessive fluid intake despite adequat AVP secretion and renal sensitivity

Osmoreceptor dysfunction
Psychosis / compulsive disorder
Idiopathic
Fluid intake above normal thirst threshold

Gradual onset

Pregnancy
(subclinical central DI)

Personal history of pregnancy induced polyuria
Twin pregnancy

Gestational diabetes insipidus
Increased AVP metabolism through
placental vasopressinase

DI = diabetes insipidus; AVP = vasopressin;
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lation of AVP secretion [31] and its interaction with the
calnexin-calreticulin system [32, 33] have been proposed
but await further confirmation. The elimination pathway
of copeptin has also not been clarified yet; renal clearance
seems likely as copeptin levels showed an inverse correlation with the glomerular filtration rate in patients with impaired kidney function [34].
Copeptin is stored in the same neurosecretory granules as
AVP, leading to co-secretion upon increase in plasma osmolality and volume depletion, and rapid suppression upon fluid intake (oral water load or infusion) [25, 35, 36,].
Interestingly, it has been shown that copeptin levels significantly decrease after oral fluid intake of as little as
200–300 ml [37], which must be taken into account for the
interpretation of the values in clinical practice.
An additional function of copeptin has been found as an
unspecific stress marker for several acute diseases such
as myocardial infarction, pneumonia and ischaemic stroke
[38–40]. On top of the reaction to somatic stress, some
studies also showed a correlation of copeptin levels with
psychological stress [41, 42]. With these stimuli in mind, it
is important to avoid any emotional or physical stress before taking blood samples for basal copeptin analysis.
The normal range of plasma copeptin levels is from 1.0
to 13.8 pmol/l with higher median levels in men than in
women according to two large physiological studies in
healthy volunteers [26, 43]. The difference in gender is
poorly understood, also because no significant changes
during the menstrual cycle were observed [44]. Importantly, the difference in gender is seen only at baseline,
but not at osmotically stimulated levels [26]. Further studies showed no circadial copeptin variations [45, 46] or
changes with age.
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The role of copeptin in the differential diagnosis of diabetes insipidus
Differential diagnosis according to clinical, laboratory
or radiological findings
Since the lead symptoms of both DI and PP are increased
thirst, polyuria and polydipsia, they are not helpful for their
discrimination [47]. Nocturia and a sudden onset of symptoms are described to be more typical in patients with central DI; however this mainly depends on the underlying
cause as familial forms or onset after irradiation of the pituitary, for example, manifest gradually (table 1). Psychiatric
diagnoses such as dependency disorders and depression,
on the other hand, have been described to be more prominent in PP patients [48], but a recent prospective study with
156 patients with polyuria-polydipsia syndrome showed a
similar rate (around 30%) of psychiatric disorders in PP
and DI patients [47]. The same study showed that plasma
sodium and osmolality levels were surprisingly similar between patient groups at baseline since DI patients with free
access to water rarely develop hypernatraemia.
The pituitary bright spot – an area of hyperintensity in the
posterior pituitary possibly resulting from stored AVP in
neurosecretory granules – on magnetic resonance imaging
(MRI) has been described to be pathognomonic for central
DI patients [49, 50]. However, subsequent larger studies
reported an age-related absence of the bright spot not only
in over half of healthy subjects [51], but also in some patients with congenital nephrogenic DI [52]. Furthermore, a
prospective evaluation of 92 patients with polyuria-polydipsia syndrome showed its absence in 70% of patients
with central DI as well as 39% of patients with PP [47]. In
addition, several cases of central DI patients with a persistent bright spot have been reported [53, 54], which could
be due to an early disease stage but also a reflection of oxytocin rather than AVP stores. Accordingly, the presence or
absence of the pituitary bright spot on MRI does not qualify as the only diagnostic distinction between the entities.
Although the second characteristic radiological finding, a

Figure 1: Structure of prepro-vasopressin-neurophysin II. The prohormone is packaged into neurosecretory granules of magnocellular neurons. During axonal transport of the granules from the hypothalamus to the posterior pituitary, enzymatic cleavage of the prohormone generates the final products: Vasopressin, neurophysin II and the COOH-terminal glycoprotein copeptin.
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thickened pituitary stalk, is also not specific for central DI
[47, 55], its combination with absence of the bright spot
should lead to a thorough evaluation for pituitary or hypothalamic diseases [56].
Differential diagnosis according to the water deprivation test
For many years, the indirect water deprivation test described by Miller et al. [10] was considered the gold standard for the differential diagnosis of polyuria-polydipsia
syndrome. The evaluation of the water deprivation test is
based on two main criteria: First, AVP activity is assessed
indirectly by measuring urine concentration capacity over
a period of 16 hours of water deprivation. Second, change
of urine osmolality upon injection of desmopressin (a synthetic AVP variant) is evaluated. The different entities are
then diagnosed as follows: patients in whom urinary osmolality remains below 300 mosm/kg upon water deprivation are diagnosed as complete DI, with central DI diagnosed in patients whose urinary osmolality increases by
more than 50% upon desmopressin injection and nephrogenic DI in patients below this cutoff. Urinary concentration in patients with partial central DI and PP is expected
to increase to 300−800 mosm/kg, with a further increase in
osmolality of more than 9% in partial central DI patients
and less than 9% in PP patients after desmopressin injection. Although this evaluation feels intuitive, it is important to note that these cutoffs were derived from a single
study involving only 36 patients with post-hoc assessment
that has never been prospectively validated [5, 10]. Given
the reduction of the renal medullary concentration gradient
in PP patients, which makes it especially difficult to differentiate them from partial DI patients, it is not surprising that the diagnostic accuracy of the water deprivation
test was only around 70% and especially poor in the diagnosis of PP patients in two prospective evaluations [7,
47]. In addition to these diagnostic difficulties, some patients with central DI may have a higher urinary concentration ability than expected due to compensatory increase
in AVPR2 gene expression [57]. Also, nephrogenic DI patients can show only partial resistance to AVP leading to a
picture similar to that of partial central DI.
Differential diagnosis using copeptin measurement
Hypertonic saline infusion test
A logical way to overcome the limitations of the indirect
water deprivation test would be the direct measurement of
AVP. Promising first data with AVP measurements upon
osmotic stimulation indeed showed levels below the calculated normal range for central DI patients, and levels were
above this for nephrogenic DI patients and in the area for
PP patients [58]. However, the direct AVP measurement
failed to enter clinical practice because of the technical
limitations of the AVP assay described above [26, 59], as
well as the disappointing diagnostic accuracy of commercially available AVP assays [5, 7].
With the establishment of copeptin measurement as a reliable surrogate marker for AVP concentrations [27], direct
testing was re-evaluated. The first promising observation
from two prospective studies showed that a basal copeptin
level equal to or above 21.4 pmol/l without prior thirsting
diagnoses nephrogenic DI with a 100% sensitivity and
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specificity, rendering further tests redundant in these patients [7, 60]. Unfortunately, basal copeptin concentrations
are not useful for distinguishing patients with central DI
from PP as they show a large overlap [47, 60]. However,
data for osmotically stimulated (increased plasma sodium
>147 mmol/l) copeptin values showed promising results
[60], which were recently confirmed in the so-far largest
prospective study including 156 patients with DI or PP
[47]. To achieve sufficient osmotic stimulation, patients
received a bolus of 250 ml followed by a body-weight
adapted hypertonic (3%) saline infusion with the aim to increase plasma sodium levels to 150 mmol/l, at which time
copeptin was measured (see detailed test description in fig.
2). Using the previously defined copeptin cutoff level of
>4.9 pmol/l, patients with PP were distinguished from patients with central DI with a high diagnostic accuracy of
97% (93% sensitivity and 100% specificity, fig. 3) [47].
Meanwhile, the water deprivation test had a diagnostic accuracy of only 77% (86% sensitivity and 70% specificity),
which was further decreased when copeptin levels at the
end of the test were included into the diagnosis.This finding underlines the limitations of the water deprivation test,
as it fails to induce a sufficient osmotic stimulus despite
the prolonged fluid withdrawal [47]. Further advantages of
the hypertonic saline stimulation test is its short duration
of 2−3 hours which makes it possible in the out-patient
setting: patients often have to be hospitalised for the water deprivation test. Also, although adverse symptoms were
more frequent and more pronounced during the hypertonic
saline infusion test, patients preferred it to the water deprivation test [47]. Despite these advantages it must be mentioned that the correct execution of the hypertonic saline
test is crucial for its safety. Clinicans performing the test
must have access to rapid sodium measurements (e.g., via
venous blood gas analysis) and closly monitor sodium level increase to prevent osmotic overstimulation (details in
fig. 2).
Arginine infusion test
To overcome the limitations of the hypertonic saline infusion test, alternative ways of stimulating the posterior pituitary were sought. Arginine infusion is known as a stimulator of the anterior pituitary [62, 63] and is used as a
standard test in the evaluation of suspected growth hormone deficiency [64–66]. Recent data showed that arginine is also a potent stimulator of the posterior pituitary
[61]. The study was divided into a physiological and diagnostic part, evaluating the effect of arginine infusion in
healthy volunteers and in 96 patients with polyuria-polydipsia syndrome. Arginine infusion (detailed test protocol
in fig. 2) lead to a median copeptin increase from 5.2 pmol/
l (interquartile range 3.3−10.9) to 9.8 pmol/ll (6.4−19.6)
in the healthy volunteers. Post-hoc evaluation of arginine
stimulation in patients showed that a copeptin level of 3.8
pmol/l 60 minutes after start of the infusion had a diagnostic accuracy of 93% to distinguish between central DI
and PP [61] (fig. 3). The most common adverse effect
was mild nausea, which occurred in 48% of the patients.
Two patients were excluded from the main analysis because of vomiting, as vomiting can be a strong stimulator
for AVP/copeptin release. If severe nausea or vomiting occurs during arginine infusion, test results can be used only
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if copeptin concentrations remain low. In all other cases a
confirmatory test is recommended [61].
In a post-hoc head-to-head comparison of the 60 patients
who underwent the hypertonic saline infusion and the argi-
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nine infusion test, hypertonic saline-stimulated copeptin
had a higher diagnostic accuracy of 100% compared with
93% for arginine-stimulated copeptin to differentiate patients with central DI from patients with PP [61]. This
can be best explained by a stronger copeptin stimulation

Figure 2: Test protocols for (A) the hypertonic saline infusion test according to Fenske et al [47] and (B) the arginine infusion test according to
Winzeler et al. [61] for the differential diagnosis of diabetes insipidus in adult patients.
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via hyperosmolality. The advantage of the arginine infusion test compared with the hypertonic saline stimulation
test is its better tolerability, the even shorter duration of
1 hour and the lack of constant laboratory monitoring. A
prospective, randomised, multicentre study is currently ongoing to validate the arginine-stimulated copeptin cutoff
and compare its diagnostic accuracy with the hypertonic
saline-stimulated copeptin cutoff (NCT03572166).
In summary, current data showed that copeptin-based diagnostic tests reliably differentiate between the different
entities of the polyuria-polydipsia syndrome and have the
potential to become the new gold standard tests. Of the
two stimulation tests, the arginine infusion test would be
preferable owing to its simple and safe test procedure, and
would be an attractive test especially in children, for whom
the hypertonic saline test is contraindicated. However, the
head-to-head comparison between the two tests and the
validation of the proposed copeptin cutoff level has not yet
been completed. Meanwhile, a stepwise approach for the
diagnostic evaluation of diabetes insipidus is recommended (fig. 4).

Copeptin as a predicitive marker for diabetes
insipidus
While diagnostic evaluation for polyuria-polydipsia syndrome usually takes place in the out-patient setting, the use
of copeptin has also been evaluated as a predictive marker
for the development of central DI following surgical procedures in the sellar region. Postoperative central DI results
from trauma induced by surgical manipulation of the pituitary and can be transient or permanent. Its timely diagnosis in the early postoperative phase can be challenging
and may lead to severe hypernatraemia if not treated adequately [67]. Accordingly, a predictive marker for development of central DI would be useful and the use of copeptin
for this role has been evaluated in two prospective trials.
The larger one − involving 205 patients undergoing pituitary surgery − showed, that a copeptin value <2.5 pmol/l
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within the first 12 hours after surgery had a positive predictive value for central DI of 81%, whereas a copeptin
value >30 pmol/l had a negative predictive value of 95%
[68]. The second study involving 66 patients undergoing
pituitary surgery used copeptin values 1 hour after extubation to predict the occurrence of central DI [69]. Here, a
copeptin value of ≤12.8 pmol/l indicated patients at risk for
central DI and a value of ≥4.2 pmol/l excluded permanent
forms. Together, the available data can help to identify patients at risk for postoperative central DI as well as to stratify the risk of transient and permanent forms.

Conclusion
In conclusion, copeptin is a stable and reliable surrogate
parameter of AVP and can be measured easily in serum
or plasma. Copeptin-based diagnosis clearly simplifies the
differential diagnosis of polyuria-polydipsia syndrome.
High basal levels unequivocally indicate nephrogenic DI,
whereas stimulated copeptin levels differentiate between
central DI and PP with a high sensitivitiy and specificity.
With its superior diagnostic accuracy, shorter test duration
and higher patient acceptance, the hypertonic saline infusion test should replace the indirect water deprivation test
as the gold standard test for the assessment of polyuriapolydipsia syndrome. However, it is important that the hypertonic saline stimulation test is executed according to the
validated test protocol, including close monitoring of sodium levels to prevent overstimulation. The use of argininestimulated copeptin values is an even simpler and safer diagnostic test. Since the copeptin cutoff levels are currently
being validated, confirmation with the hypertonic saline
infusion test is recommended in unclear cases.
In addition to differentiating between the different entities
of polyuria-polydipsia syndrome, copeptin can also be
used as a predictive marker for the development of postoperative central DI after pituitary surgery.

Figure 3: Receiver operating characteristic (ROC) curves for the hypertonic saline infusion test, the indirect water deprivation test and the
arginine infusion test(A) ROC curve for hypertonic saline stimulated copeptin levels for discriminating patients with primary polydipsia from patients with central diabetes insipidus. ROC area under the curve = 0.968 (95% confidence interval [CI] 0.931−1.00). Copeptin cut-off levels 4.9
pmol/l (predefined) and 6.5 pmol/l (post-hoc derived) are indicated. Data according to Fenske et al [47].(B) ROC curve for change in urine osmolality before and after injection of desmopressin during the water deprivation test for discriminating patients with primary polydipsia from patients with central diabetes insipidus. ROC area under the curve = 0.654 (95% CI 0.556−0.753). 95% CIs are indicated for the cut-off 9%. Data
according to Fenske et al [47].(C) ROC curve for arginine infusion-stimulated copeptin levels for discriminating patients with primary polydipsia
from patients with central diabetes insipidus. ROC area under the curve = 0.95 (95% CI 0.91−0.99). Copeptin cut-off level 3.8 pmol/l is indicated. Data according to Winzeler et al [61].
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Figure 4: Copeptin-based diagnostic workflow for the differential diagnosis of polyuria-polydipsia syndrome. Unclear cases with the arginine
stimulation test: in patients with severe nausea or vomiting test results have to be interpreted with care. Hypertonic saline stimulated copeptin:
measurement copeptin level at sodium >147−150 mmol/l. P = plasma
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