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insensitivity to AVP and primary polydipsia (PP), where 
affected patients have elevated fluid intake despite initial 
adequate AVP secretion and renal response to it (Fig. 1).

There are many different disorders that can lead to 
polyuria-polydipsia syndrome, as outlined in Table 1. This 
emphasizes the importance of finding the correct diagnosis 
and following management.

With the discovery of copeptin [2, 3], the stable surrogate 
marker of AVP, the diagnostic evaluation of AVP-D greatly 
improved. Over the last years, several copeptin-based tests 
showed their superiority to the standard water deprivation 
test [4–6].

Concerning the management of AVP-D, current data 
revealed the importance of a holistic evaluation of AVP-D 
patients. In addition, new data emerged concerning the opti-
mal treatment.

This overview will first discuss the different entities and 
causes of polyuria-polydipsia syndrome as well as the role 
of copeptin in its evaluation in adult patients. It will then 
focus on the different available diagnostic tests and explain 
their procedures. Lastly, the treatment and management of 

1 Introduction

Arginine vasopressin deficiency (AVP-D, formerly known 
as central diabetes insipidus) is the main disorder developing 
from disruption of the hypothalamic-posterior pituitary axis 
and has been challenging endocrinologists, nephrologists 
and internal medicine specialists alike. AVP-D is one of the 
main entities of the polyuria-polydipsia syndrome – which 
is characterized by a high output of hypotonic urine accom-
panied by elevated fluid intake [1]. The two other main eti-
ologies of this disorder are AVP-R (AVP-R, formerly known 
as nephrogenic diabetes insipidus), characterized by renal 
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Abstract
Arginine vasopressin deficiency (AVP-D) is one of the main entities of the polyuria-polydipsia syndrome. Its correct diag-
nosis and differentiation from the other two causes - AVP resistance and primary polydipsia – is crucial as this determines 
the further management of these patients.

Over the last years, several new diagnostic tests using copeptin, the stable surrogate marker of AVP, have been intro-
duced. Among them, hypertonic saline stimulated copeptin was confirmed to reliably and safely improve the diagnostic 
accuracy to diagnose AVP-D. Due to its simplicity, arginine stimulated copeptin was put forward as alternative test pro-
cedure. Glucagon-stimulated copeptin also showed promising results, while the oral growth hormone secretagogue Maci-
morelin failed to provide a sufficient stimulus. Interestingly, an approach using machine learning techniques also showed 
promising results concerning diagnostic accuracy.

Once AVP-D is diagnosed, further workup is needed to evaluate its etiology. This will partly define the further treatment 
and management. In general, treatment of AVP-D focuses on desmopressin substitution, with oral formulations currently 
showing the best tolerance and safety profile. However, in addition to desmopressin substitution, recent data also showed 
that psychopathological factors play an important role in managing AVP-D patients.
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AVP-D patients, including the importance of evaluating 
psychopathological factors, will be discussed.

2 Background

2.1 Polyuria polydipsia syndrome

The polyuria-polydipsia syndrome is characterized by a 
high urinary output of more than 50 ml per kg body weight 
per 24 h, accompanied by polydipsia of more than 3 L a day 
[1]. After the exclusion of AVP-independent causes (such 
as uncontrolled diabetes mellitus), the differential diagno-
sis of polyuria-polydipsia syndrome involves the distinction 
between AVP-D, AVP-R and primary polydipsia (Fig. 1).

In the last years, patient reports were published pointing 
to confusion of the formerly known disease name diabetes 
insipidus with the more common diabetes mellitus, resulting 
in adverse outcomes including death [7]. Likewise, a recent 
web-based patient survey in more than 1000 patients with 
AVP-D demonstrated that more than 80% of patients had 
experienced confusion of their condition with diabetes mel-
litus by health-care professionals on at least one occasion. 
Moreover, study participants indicated that this insufficient 
understanding of their disease affected the management of 
their condition. Importantly, 85% of participants preferred 
a renaming of the condition, with the clear wish to not use 
the term diabetes in the name of the disease [8]. Therefore, 
a working group including members of the main endocri-
nology societies worldwide was assambled to discuss and 
propose alternative names. According to the common prop-
ositions, the name of central diabetes insipidus was changed 
to AVP-D, and nephrogenic diabetes insipidus was changed 

to AVP-R [9]. Accordingly, this new nomenclature is now 
used throughout this article.

AVP-D results from inadequate secretion and usually 
deficient synthesis of AVP in the hypothalamic neuro-
hypophyseal system in response to osmotic stimulation. 
Mostly, thirst mechanisms are intact, leading to compen-
satory polydipsia. However, in a variant of AVP-D called 
osmoreceptor dysfunction, thirst perception is also impaired, 
which can result in serious complications associated with 
hyperosmolality. AVP-D is mostly acquired due to disorders 
that disrupt the neurohypophysis, including pituitary sur-
gery, tumors, trauma, hemorrhage, thrombosis, infarction, 
or granulomatous disease [1] (Table 1). Less commonly, it is 
congenital by genetic mutations of the AVP gene [10].

In contrast, AVP-R is most commonly congenital due to 
mutations in the gene for the AVP V2R (X-linked recessive 
pattern of inheritance) or in the gene for the AQP2 water 
channel (autosomal recessive pattern of inheritance) [11]. 
It can also be acquired by drugs, most prominently lithium, 
but also other drugs interfering with urine concentration, 
or it can be due to electrolyte disorders, i.e., hypercalcemia 
or hypokalemia. For both forms, AVP-D and AVP-R, com-
plete and partial defects have been described [12], further 
increasing the difficulty in their distinction.

Lastly, primary polydipsia is characterized by an exces-
sive fluid intake leading to polyuria even in the presence of 
intact, although suppressed, AVP secretion and appropriate 
renal response. It is mostly seen in patients with psychiatric 
disease, in which case it is also called psychogenic polydip-
sia. It may, however, also be caused by a defect in the thirst 
mechanism (called dipsogenic diabetes insipidus) or occur 
habitually.

Fig. 1 Schematic overview over the main disorders behind polyuria polydipsia syndrome
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2.2 Copeptin

AVP comprises 9 amino acids and is synthesized as part of 
the 164 amino acid precursor protein peptide pre-pro-Vaso-
pressin in magnocellular neurons located in two discrete 
areas of the hypothalamus, the supraoptic and paraventricu-
lar nucleus. The precursor peptide comprises the AVP moi-
ety, neurophysin-2, and a 39 amino acid long glycosylated 
peptide with a leucine-rich core segment, termed copeptin 
[2, 3]. Two neuroendocrine mechanisms are involved in the 
production and release of AVP. In the first one, exocytotic 
release is determined mainly by the effective osmotic pres-
sure of the extracellular body fluid and by more pronounced 

decreases in extracellular volume. A second AVP neuro-
secretory pathway transports high concentrations of the 
hormone from parvocellular neurons to the pituitary portal 
system, where AVP acts synergistically with corticotropin-
releasing hormone to stimulate adrenocorticotropic hor-
mone (ACTH) release from the anterior pituitary [13, 14]. 
Consequently, the main physiologic function of AVP is the 
homeostasis of fluid balance, vascular tonus and regulation 
of the endocrine stress response.

Much less is known about the physiological function 
of copeptin. It was first postulated that copeptin has a role 
as a prolactin-releasing factor, however with inconclusive 
results [15, 16]. More recent data suggest copeptin to be a 
chaperone-like molecule which is involved in the structural 
formation of the precursor hormone [17]. The tight regu-
lation of copeptin in the circulation suggests that copeptin 
has a specific peripheral function, although experimental 
data so far prove no evidence for this. Copeptin responds 
as rapidly as AVP to osmotic, hemodynamic, and unspecific 
stress-related stimuli, which is explained by its equimolar 
production together with AVP. Copeptin is rapidly elimi-
nated. It appears that copeptin is processed either by tissue-
bound proteases and/or is rapidly eliminated via the kidneys 
or the liver. Even though no specific copeptin receptor or 
copeptin elimination mechanisms are known today, the fact 
that copeptin can be measured in the kidneys indicates at 
least partly elimination via the kidneys.

AVP is difficult to measure and therefore was not imple-
mented in clinical routine due to complex pre-analytical 
requirements, the lack of readily available and fast assays 
and the fact that a large amount of AVP in the circulation 
is bound to platelets, resulting in underestimation of actual 
AVP concentration, whilst incomplete removal of platelets 
from plasma or prolonged storage of unprocessed blood 
leads to falsely elevated AVP measurements [18–20]. In 
addition, detection of AVP is also hampered by its short in 
vivo half-life of less than 30 min [21] and its instability in 
isolated plasma, even when stored at − 20 °C.

Due to its high ex vivo stability and simple and robust 
measurement, copeptin offers a simple alternative method 
to assess the release of AVP indirectly. There are several 
copeptin assays available. The two assays with sufficient 
technical description and clinical data justifying their routine 
clinical use are the original sandwich immunoluminometric 
assay (LIA) [22] and its automated immunofluorescent suc-
cessor (on the KRYPTOR platform). A direct comparison 
between copeptin and AVP release in relationship to serum 
osmolality using the well-established AVP assay showed 
a stronger correlation for serum osmolality with copeptin 
than with AVP and a very strong correlation between both 
peptides [23]. A study directly comparing the decay kinetics 
and half-life of copeptin and AVP again showed very similar 

Table 1 Etiologies of polyuria polydipsia syndrome
AVP Deficiency
Trauma Pituitary surgery

Deceleration injury
Radiotherapy

Primary tumors Craniopharyngioma
Meningioma
Germinoma
Rathke’s cleft cyst
Pituitary adenoma
Astrocytoma

Metastatic cancer Lymphoma
Breast cancer
Lung cancer

Infiltrative Neurosarcoidosis
Langerhans cell histiocytosis

Inflammatory / autoimmune Lymphocytic hypophysitis
Granulomatous hypophysitis
Xanthomatous hypophysitis
IgG4 related hypophysitis

Infectious Meningitis
Encephalitis
Tuberculosis

Idiopathic
Hereditary Mainly affected gene: AVP
AVP Resistance
Drugs Lithium

Cisplatin
Demeclocycline

Electrolyte disorders Hypokalaemia
Hypercalcemia

Haematological Multiple Myeloma
Amyloidosis
Sickle cell disease

Hereditary Mainly affected genes: 
AVPR2, AQP2

Gestational AVP 
Deficiency
Increased AVP degradation by placental vasopressinase
Primary polydipsia
Psychogenic
Habitual
Somatic, e.g. hypothalamic lesions
Beer potomania
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Magnetic resonance imaging (MRI) is often used to 
further evaluate patients with suspected AVP-D. Here, the 
absence of an area of hyperintensity in the posterior pitu-
itary, the so-called bright spot, was long thought to be 
pathognomic for AVP-D since it is believed to result from 
AVP stored in neurosecretory granules [31, 32]. However, 
an age-related absence of the bright spot was later shown in 
healthy volunteers [33]. In addition, its absence was shown 
in 70% of patients with AVP-D but also 39% of patients 
with primary polydipsia in a prospective study involving 92 
patients with polyuria-polydipsia syndrome [4], meanwhile 
several reports observed a persistent bright spot in AVP-D 
patients [34, 35]. The second typical MRI characteristic, a 
thickened pituitary stalk, is also not specific for AVP-D [4, 
36]. However, discovering these findings should lead to a 
thorough evaluation for pituitary or hypothalamic disorders 
[37] (Table 1).

However, the combination of clinical and MRI informa-
tion can be very useful to evaluate patients with suspected 
AVP-D. This was recently confirmed in a study using 
machine learning techniques [38]. Using the laboratory 
parameters urine osmolality, plasma sodium and glucose 
as well as the clinical information on whether patients had 
transsphenoidal surgery or known anterior pituitary defi-
ciencies, the machine learning-based algorithm resulted in 
a high area under the curve score of 0.87 to diagnose AVP-
D. This score was further improved to 0.93 by adding the 
MRI parameter pituitary stalk enlargement. However, until 
machine learning-based algorithms become more standard-
ized, diagnostic tests for AVP-D are needed.

3.2 Diagnostic tests

3.2.1 Indirect water deprivation test

Described in 1970, the indirect water deprivation test was 
the diagnostic gold standard for decades [12]. Its name 
derives from the indirect diagnostic assessment using the 
urinary concentration ability over a fluid restriction period 
of 16 h as well as its change to the administration of the 
synthetic AVP variant desmopressin at the end of the test. 
Patients were urinary osmolality stays below 300 mosm/
kg but increases over 50% upon desmopressin administra-
tion are diagnosed as having complete AVP-D. Meanwhile 
patients with a persistent low urinary osmolality and no 
reaction to desmopressin are diagnosed with AVP-R. Uri-
nary concentration in patients with partial AVP and primary 
polydipsia is expected to increase to 300–800 mosm/kg, 
with a further increase in osmolality upon desmopressin 
injection of more than 9% in partial AVP-D patients and less 
than 9% in patients with primary polydipsia.

kinetics of copeptin in response to changes in osmotic pres-
sure to AVP. The half-life of copeptin was around 2 times 
higher than the half-life of AVP, reflecting the differing vol-
ume distribution and metabolic clearance rates of the two 
peptides [24].

The normal range for copeptin under normo-osmotic 
baseline conditions showed a median copeptin plasma 
concentration of 4.2 pmol/L with a broad range between 1 
and 13.8 pmol/L22. Similar concentrations were found in 
a random population of 5000 individuals [25]. Men con-
sistently showed slightly higher values than women, with 
a difference in median values of about 1 pmol/L. Interest-
ingly however, this gender-specific difference could not be 
detected in the hyperosmolar range [24]. Copeptin levels 
show no correlation with age [22], and no circadian vari-
ability [26, 27]. Copeptin release seems not to be affected 
by food intake [28] or the menstrual cycle of women [29], 
suggesting that copeptin measurements are quite robust and 
can be reliably interpreted independently of time point of 
withdrawal, prandial status or menstrual cycle. In contrast, 
already small amounts of oral fluid intake may significantly 
decrease copeptin levels, which is important to notice for 
data interpretation [28]. As mentioned above, copeptin 
shows the same responsive behavior to osmotic and hemo-
dynamic changes and unspecific stress as demonstrated for 
AVP.

It is therefore not surprising that copeptin was put for-
ward for the differential diagnosis of polyuria-polydipsia 
syndrome.

3 Diagnosing AVP-D

3.1 Use of clinical, laboratory and radiological data

Since polyuria and polydipsia is the main clinical symptom 
in AVP-D, AVP-R and primary polydipsia, they are not help-
ful for their discrimination. Especially partial AVP-D and 
primary polydipsia showed a great overlap in the amount 
of polyuria and polydipsia [4]. The same was true for base-
line laboratory values such as plasma sodium and osmolal-
ity. Other symptoms, such as nocturia or sudden symptoms 
onset, are viewed to be more typical for AVP-D patients, 
however depending on the underlying etiology, a slow onset 
is also possible, e.g. after irradiation or in familial forms 
(Table 1). Psychiatric disorders have been described to be 
more prominent in patients with primary polydispia [30], 
however recent prospective data showed a similar rate of 
around 30% for AVP-D and primary polydipsia patients 
alike [4]. The presence of psychopathological findings in 
AVP-D patients will be discussed further in the chapter 
‘Treament and Management’.
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Unfortunately, basal copeptin levels significantly over-
lap in patients with AVP-D and primary polydipsia [4, 
44]. Therefore, to reliably diagnose AVP-D, a stimulation 
test for copeptin is required. Unfortunately, data evaluat-
ing copeptin measurement after the water deprivation test 
showed a low diagnostic accuracy [4], accordingly stronger 
stimulators are needed.

In the following, the currently available test methods are 
described.

3.2.3 Hypertonic saline stimulation test

Osmotic stimulation, i.e., increasing plasma sodium lev-
els, is a strong trigger for the secretion of AVP and, thus 
copeptin. That osmotically stimulated copeptin levels can 
reliably distinguish between patients with AVP-D and pri-
mary polydipsia was first shown in a study involving 55 
patients [44] and then later confirmed in the so far largest 
prospective study including 156 patients with AVP-D or pri-
mary polydipsia [4]. In the confirmation study [4], patients 
received a bolus of 250 ml of hypertonic (3%) saline fol-
lowed by an infusion adjusted to body weight (0.15 ml 
per kg body weight per minute). The aim was to increase 
plasma sodium levels to ≥ 149 mmol/L, at which time 
copeptin was measured (Fig. 2). Importantly, sodium levels 
have to be monitored every 30 min. Using the pre-defined 
copeptin cut-off of ≤ 4.9 mmol/L, patients with AVP-D were 
reliably distinguished from patients with primary polydipsia 
with a diagnostic accuracy of 97%. Adverse events during 
the test were mainly limited to side effects of the hyper-
natremia and involved strong thirst, headache and nausea. 
They completely regressed as soon as plasma sodium levels 
were re-lowered by oral and parenteral rehydration. How-
ever, it is important to note that the correct performance of 
the hypertonic saline stimulation test is critical to its safety. 
Clinicians performing the test must have access to rapid 

Although this evaluation feels intuitive and an overnight 
water deprivation test is often done to evaluate the sever-
ity of symptoms, 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 [12, 39]. Furthermore, the test results can be mis-
leading in primary polydipsia patients with a reduced renal 
medullary concentration gradient or partial AVP-R patients 
with a sensitive response to desmopressin administration. In 
view of these limitations, it was not surprising that two pro-
spective studies evaluating the diagnostic accuracy of the 
indirect water deprivation test found the diagnostic accu-
racy to be only 70–77%, with especially low accuracy in 
the difficult differentiation between partial AVP-D and PP 
patients [4, 40].

3.2.2 Copeptin based tests

Around the same time when the indirect water depriva-
tion test was established, also a direct measurement of AVP 
upon osmotic stimulation was described. While AVP lev-
els of patients with AVP-D were below a calculated area of 
normality, those of AVP-R patients were elevated and those 
of patients with primary polydipsia were within [41]. How-
ever, direct AVP measurement has not found its way into 
clinical practice due to the technical limitations of the AVP 
assay described above [22, 42, 43] as well as the low diag-
nostic accuracy of commercially available AVP assays [39, 
40]. But with the discovery of copeptin as a reliable AVP 
surrogate marker [24], the direct approach was re-evaluated.

A first improvement of the diagnostic evaluation was 
the observation from two prospective studies that patients 
with AVP-R have elevated baseline copeptin levels ≥ 21.4 
pmol/L, without any prior water deprivation [40, 44]. With a 
sensitivity and specificity of 100%44, no further stimulation 
tests are needed in these patients.

Fig. 2 Schematic overview of the copeptin based diagnostic tests for polyuria polydipsia syndrome
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involving 28 healthy participants [52]. Unfortunately, while 
the effect of macimorelin on growth hormone levels was 
confirmed, no effect was seen on copeptin levels. Accord-
ingly, the macimorelin stimulation cannot be recommended 
for the diagnostic evaluation of AVP-D patients.

3.2.6 Glucagon stimulation test

Another growth hormone stimulator is glucagon. In a 
recently published diagnostic study including 22 healthy 
participants, 10 patients with AVP-D and 10 patients with 
primary polydipsia, its effect on copeptin levels was evalu-
ated [6]. After subcutaneous injection of 1 mg glucagon, 
copeptin levels were measured at different time points and 
compared to placebo injection. Indeed, glucagon injection 
induced copeptin secretion in healthy participants and pri-
mary polydipsia patients. Meanwhile, no relevant increase 
was seen in the AVP-D patients. A copeptin cut-off level of 
4.6 pmol/L measured 150 min after glucagon injection had a 
sensitivity of 100% and a specificity of 90% to discriminate 
between AVP-D and primary polydipsia patients (Fig. 2). 
Accordingly, glucagon stimulation could be a novel simple 
diagnostic test for AVP-D, however the derived copeptin 
cut-off should be confirmed in a larger cohort, especially 
including more patients with partial forms of AVP-D.

In summary, of the copeptin stimulation tests currently 
available, hypertonic saline stimulation [53] provided the 
highest diagnostic accuracy, while arginine stimulation [5] 
has a simpler test protocol and better test tolerance. Gluca-
gon sitmulation [6] also provides an attractive alternative 
test, but has to be validated in a larger cohort.

4 Management and complications of AVP-D

4.1 Pharmacological therapy

The main treatment goals in patients with AVP-D are the 
correction of pre-existing water deficits and the reduction 
of excessive urinary water loss. In most patients, osmoreg-
ulated thirst perception is intact and adequate fluid intake 
compensates for urinary water loss [54, 55]. Desmopressin, 
a synthetic AVP analogue and selective V2 receptor agonist, 
is the current standard of care and is usually initiated after 
the diagnosis of AVP-D is confirmed [56, 57]. Desmopres-
sin differs from AVP by two amino acids and is available in 
parenteral, oral and nasal formulations, providing effective 
long-term control of polyuria. Amino acid modifications 
prolong the half-life and eradicate the vasopressor poten-
tial [58]. Owing to high variability between individuals in 
bioavailability, the optimal dose, dosing intervals and dura-
tion of effectiveness should be determined individually for 

sodium measurements (e.g. via venous blood gas analy-
sis) and closely monitor the rise in sodium levels to avoid 
osmotic overstimulation.

3.2.4 Arginine stimulation test

Arginine infusion, known as a stimulator of the anterior 
pituitary [45, 46], is used as a standard test in the evalu-
ation of suspected growth hormone deficiency, mainly in 
children [47–49]. However, in a prospective study includ-
ing healthy volunteers, it was shown that arginine infusion 
also stimulates the posterior pituitary leading to an increase 
in copeptin [5]. In the same study, 96 patients with poly-
uria-polydipsia syndrome were enrolled. After receiving a 
body weight-adapted (0.5 g per kg body weight) infusion of 
L-Arginine Hydrochloride (21%) diluted in 500 ml normal 
saline (NaCl 0.9%) over 30 min (Fig. 2), copeptin was mea-
sured at different time points. It was shown that copeptin 
measured 60 min after the start of the infusion using the cut-
off level 3.8 pmol/L had the highest diagnostic accuracy of 
93% to differentiate between patients with AVP-D and pri-
mary polydipsia [5]. The most common adverse effect was 
mild nausea which occurred in 48% of the patients. Two 
patients were excluded from the main analysis due to vomit-
ing, as severe nausea and vomiting are strong non-osmotic 
AVP/copeptin stimuli [50, 51]. If severe nausea or vomiting 
occurs during arginine infusion, test results should therefore 
be interpreted cautiously and can only be used if copeptin 
concentrations remain low. In all other cases, a confirmation 
test is recommended.

Sixty patients participated in both the hypertonic saline 
[4] and the arginine [5] stimulation study. A post-hoc head-
to-head comparison of these patients revealed a diagnos-
tic accuracy of 100% for hypertonic stimulated copeptin 
compared to 93% for arginine stimulated copeptin. Likely, 
hypertonic saline infusion provides a stronger copeptin 
stimulus. Meanwhile, its need for constant supervision and 
availability of rapid sodium measurement is a disadvantage. 
In the post-hoc comparison, Arginine infusion had a better 
test tolerance and it has a simpler test protocol. Recently 
a prospective multicenter trial aiming at validating the 
derived arginine-stimulated copeptin levels and directly 
comparing them to hypertonic saline-stimulated copeptin 
levels in patients with polyuria-polydipsia syndrome was 
concluded (NCT03572166). The results are expected by the 
end of 2023.

3.2.5 Macimorelin stimulation test

In view of the effect of arginine stimulation on copeptin 
levels, an oral stimulation test using macimorelin – an 
oral ghrelin agonist - was evaluated in a diagnostic study 
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method. Endocrinologists should educate patients about 
these strategies and apply an individualised approach at 
desmopressin initiation. Additionally, a lower risk of hypo-
natremia has been suggested with oral desmopressin com-
pared to the intranasal formulation [69, 70]. More precisely, 
one study reported a 60% risk reduction for hyponatremia 
in patients who switched from nasal to oral preparation [70]. 
In addition, post-marketing safety data indicated a lower 
risk of hyponatremia in oral compared to nasal desmopres-
sin [71, 72]. However, conversely to these data, another 
study reported a 33% hyponatremia rate within a four-week 
dose titration period after switching from a nasal to an oral 
formulation [73]. Although data from our large survey study 
also do not support the hypothesis on differences between 
available formulations and hyponatremia prevalence, one 
should emphasize the high patient-reported rates of switch-
ing from nasal to oral formulations, mostly due to patient 
preference, pointing to overall better symptom control. This 
clear preference was also reported by Oiso and colleagues in 
an observational cohort of almost 200 patients demonstrat-
ing a 100% preference for oral rather than nasal formulation 
[56]. However, further prospective data are needed to inves-
tigate this in more detail. Switching between preparations 
may be particularly useful in patients with poor symptom 
control and fluctuations in the effectiveness of desmopres-
sin, as well as in those prone to frequent hyponatremia.

Even without desmopressin, patients with a functioning 
osmoregulated thirst perception and free access to water 
can compensate for urinary water loss through increased 
fluid intake. Therefore, hypernatremia, an indicator of 
inadequate fluid balance, rarely occurs in AVP-D patients 
with free access to fluids [67]. Importantly, limited access 
to fluids or excessive fluid loss, for example, by non-avail-
ability or restricted intake, vomiting or diarrheal illnesses, 
unconsciousness, or acute concurrent illness, can lead to 
life-threatening dehydration [67]. In support of this, Behan 
and colleagues reported concerningly high rates of hyper-
natremia of around 20%, particularly in in-hospital settings, 
presumably owing to a lack of knowledge on correct fluid 
management and treatment failures by the medical team 
[67]. Importantly, evidence from our cohort study and others 
reinforces the need to raise awareness and educate medical 
personnel about correct fluid management and demand the 
inclusion of desmopressin as a high-alert medication with 
24-hour access in hospitals [74, 75]. More precisely, our 
data indicated that one in four hospitalized patients reported 
symptoms of dehydration as a result of an inability to use 
their desmopressin while in a fasting state without intrave-
nous fluid replacement. Such scenarios have been reported 
in several cases with serious adverse outcomes, including 
death [74, 76]. If dehydration occurs, the total body water 
deficit can be estimated using the following formula: 0.6 × 

each patient. The parenteral route is usually only given to 
inpatients, e.g. perioperatively in the management of tran-
sient polyuria or if the oral / nasal applications cannot be 
given due to any reasons [59, 60]. In oral formulation, peak 
antidiuretic effect correlates with the zenith of plasma con-
centration within 2 h of ingestion, which however can be 
substantially reduced when ingested together with food [61, 
62]. The antidiuretic effect of the intranasal application is 
more variable than the oral formulation and may be reduced 
by nasal mucosa inflammation, congestion, or scarring [63]. 
The initial treatment aim is to reduce nocturia, and there-
fore, the first desmopressin dose is usually given at bedtime, 
and if needed, a daytime dose is added. In this initial period, 
patients should be instructed to avoid excessive fluid intake 
and be educated about hyponatremia symptoms like nau-
sea, vomiting, headache or lethargy. The first days of treat-
ment should be followed by monitoring of plasma sodium 
to avoid hyponatremia. Once a stable dose of desmopressin 
is established, annual monitoring of plasma sodium and kid-
ney function should be performed.

Desmopressin treatment provides immediate symptom-
atic relief; however, the main complication is dilutional 
hyponatremia and its associated risk of cerebral edema, 
seizure, coma and even death [64]. Physiologically, fluid 
intake suppresses AVP secretion, allowing an aquaresis to 
prevent water retention [65]. Under the effect of desmopres-
sin, however, even modest fluid intake is retained as there is 
constant antidiuresis until the effects subside, and therefore, 
dilutional hyponatremia is a common side effect [66]. A 
high prevalence of hyponatremia of up to 30% was reported 
in the outpatient setting and might be explained by the lack 
of education on the correct use of desmopressin [67, 68]. To 
reduce the risk of hyponatremia, some physicians recom-
mend either:

(1) Delaying a dose of desmopressin up to several times 
per week until aquaresis and breakthrough symptoms, 
i.e., strong thirst, full bladder, pale urine, and frequent 
urination occur or.

(2) Omitting a desmopressin dose once or several times per 
week independent of breakthrough symptoms.

This method has been referred to as ‘desmopressin escape’, 
and the effectiveness of this approach was recently supported 
by our large survey-based study [68]. The hyponatremia 
prevalence was 17% in patients performing ‘desmopressin 
escape,’ 32% in those unaware of ‘desmopressin escape,’ 
and 26% in patients aware of ‘desmopressin escape’ but 
not using this method. Patients performing ‘desmopressin 
escape’ had a significantly lower hyponatremia prevalence 
compared to those not being aware of this method and to 
those aware of ‘desmopressin escape’ but not using this 
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with AVP-D (submitted for publication). These findings are 
important in order to increase awareness to not prematurely 
diagnose primary polydipsia in patients with polyuria and 
polydipsia with concomitant psychiatric symptoms contrary 
to the recommendation of previous diagnostic algorithms 
[39]. In addition, these data highlight the need to sensitize 
treating physicians to inquire about psychological disorders 
and difficulties and, if necessary, refer them for further diag-
nostic and therapeutic assessment.

5 Summary

AVP-D is a challenging disorder to diagnose and treat. 
The stable AVP surrogate marker copeptin significantly 
improved diagnostic assessment. While hypertonic saline-
stimulated copeptin is the best-researched and most accurate 
test currently available, arginine- and glucagon-stimulated 
copeptin are easy-to-perform alternative tests.

Once AVP-D is diagnosed, desmopressin is the standard 
treatment, with current data suggesting that the oral formu-
lation is safer and preferred by patients. Educating patients 
about the risk of hyponatremia is important, and this risk 
could be reduced by regularly performing ‘desmopres-
sin escape’. In the meantime, educating healthcare teams 
about AVP-D and the risk of hypernatremia in hospital-
ized patients is critical. Hopefully, by changing the name to 
AVP-D, a first step has been taken to improve patient safety 
and raise awareness.

Author contribution All authors contributed equally to this article.

Funding Swiss national science foundation (SNF-162608).

Data availability N/A.

Declarations

Ethical approval N/A.

Informed consent N/A.

Conflict of interest None.

References

1. Robertson GL. Diabetes insipidus. Endocrinol Metab Clin North 
Am. 1995;24(3):549–72. (In eng).

2. Land H, Schütz G, Schmale H, Richter D. Nucleotide sequence 
of cloned cDNA encoding bovine arginine vasopressin-neurophy-
sin II precursor. Nature. 1982;295(5847):299–303. https://doi.
org/10.1038/295299a0. (In eng).

3. Levy B, Chauvet MT, Chauvet J, Acher R. Ontogeny of bovine 
neurohypophysial hormone precursors. II. Foetal copeptin, the 

premorbid weight × (1 − 140 / [measured Na+ in mmol/L]). 
It is recommended to replace ~ 50% of the calculated 
free water deficit over the first 24 h of treatment [75, 77]. 
Patients should be treated with hypotonic fluids enterally or, 
if required, preferably with 5% dextrose administered intra-
venously [75].

A particularly vulnerable group of patients are those 
with osmoreceptor dysfunction. These patients are prone to 
dehydration and, at the same time, hyponatremia. Treatment 
involves close sodium monitoring and educating patients to 
monitor their own hydration status. Generally, patients are 
instructed to fix daily fluid intake, which can be adjusted in 
response to changes in body weight, combined with a fixed 
dose of desmopressin. In this particular group, patients 
and family members should be advised to seek early medi-
cal attention in situations of increased risk of hypo- or 
hypernatremia.

4.2 Psychopathological changes

Over the past decades, only a few studies investigated 
psychological comorbidities in patients with AVP-D. Data 
from smaller studies have indicated that these patients often 
experience psychological comorbidities or difficulties such 
as heightened anxiety, depressed mood, alexithymia, sleep 
disturbances and reduced sexual drives as well as lower 
quality of life, despite adequate desmopressin therapy 
[78–80]. Furthermore, difficulties in categorizing emotions 
through face processing, personality changes, and increased 
psycho-social comorbidities, including anxiety, depression, 
and social withdrawal, have been observed [78, 79, 81–85]. 
These symptoms have been observed in patients with or 
without additional anterior pituitary dysfunction, which 
challenges the notion presented in existing data that ante-
rior pituitary hormone dysfunctions are the primary cause of 
psychological changes and reduced quality of life in these 
patients. Consistent with these results, our survey data con-
firmed the high prevalence of self-reported psychological 
problems (36%) and overall reduced quality of life (64%), 
which was subjectively related to the onset of the disease and 
remained present despite treatment [68]. These observations 
have diagnostic significance, as psychological comorbidities 
are often used as a hallmark pointing towards primary poly-
dipsia in routine clinical practice, which is therefore also 
sometimes referred to as ‘psychogenic’ polydipsia [39, 86]. 
Accordingly, in previous diagnostic algorithms, a history of 
psychiatric disease in the evaluation of polyuria-polydip-
sia was put forward as suggestive for primary polydipsia 
[39]. Interestingly, our recent questionnaire-based evalua-
tion demonstrated comparable high levels of anxiety, alexi-
thymia, and depression, as well as reduced mental health 
scores in both patients with primary polydipsia and those 

1 3

https://doi.org/10.1038/295299a0
https://doi.org/10.1038/295299a0


Reviews in Endocrine and Metabolic Disorders

Heart Failure. Hypertension. 1983;5(2 Pt 2):I129–38. https://doi.
org/10.1161/01.hyp.5.2_pt_2.i129. (In eng).

20. Jane Ellis M, Livesey JH, Evans MJ. Hormone stability in human 
whole blood. Clin Biochem. 2003;36(2):109–12. https://doi.
org/10.1016/s0009-9120(02)00440-x. (In eng).

21. Baumann G, Dingman JF. Distribution, blood transport, and 
degradation of antidiuretic hormone in man. J Clin Invest. 
1976;57(5):1109–16. https://doi.org/10.1172/jci108377. (In eng).

22. Morgenthaler NG, Struck J, Alonso C, Bergmann A. Assay for 
the measurement of copeptin, a stable peptide derived from the 
precursor of vasopressin. Clin Chem. 2006;52(1):112–9. https://
doi.org/10.1373/clinchem.2005.060038. (In eng).

23. Balanescu S, Kopp P, Gaskill MB, Morgenthaler NG, Schindler 
C, Rutishauser J. Correlation of plasma copeptin and vasopressin 
concentrations in hypo-, iso-, and Hyperosmolar States. J Clin 
Endocrinol Metab. 2011;96(4):1046–52. https://doi.org/10.1210/
jc.2010-2499. (In eng).

24. Fenske WK, Schnyder I, Koch G, et al. Release and decay kinet-
ics of Copeptin vs AVP in response to osmotic alterations in 
healthy volunteers. J Clin Endocrinol Metab. 2018;103(2):505–
13. https://doi.org/10.1210/jc.2017-01891. (In eng).

25. Bhandari SS, Loke I, Davies JE, Squire IB, Struck J, Ng LL. 
Gender and renal function influence plasma levels of copeptin 
in healthy individuals. Clin Sci (Lond). 2009;116(3):257–63. 
https://doi.org/10.1042/cs20080140. (In eng).

26. Darzy KH, Dixit KC, Shalet SM, Morgenthaler NG, Brabant G. 
Circadian secretion pattern of copeptin, the C-terminal vasopres-
sin precursor fragment. Clin Chem. 2010;56(7):1190–1. https://
doi.org/10.1373/clinchem.2009.141689. (In eng).

27. Beglinger S, Drewe J, Christ-Crain M. The circadian 
rhythm of Copeptin, the C-Terminal portion of Arginine 
Vasopressin. J Biomark. 2017;2017:4737082. https://doi.
org/10.1155/2017/4737082. (In eng).

28. Walti C, Siegenthaler J, Christ-Crain M. Copeptin levels are Inde-
pendent of ingested nutrient type after standardised meal admin-
istration–the CoMEAL study. Biomarkers. 2014;19(7):557–62. 
https://doi.org/10.3109/1354750x.2014.940504. (In eng).

29. Blum CA, Mirza U, Christ-Crain M, Mueller B, Schindler C, 
Puder JJ. Copeptin levels remain unchanged during the menstrual 
cycle. PLoS ONE. 2014;9(5):e98240. https://doi.org/10.1371/
journal.pone.0098240. (In eng).

30. Sailer CO, Winzeler B, Nigro N, et al. Characteristics and out-
comes of patients with profound hyponatraemia due to primary 
polydipsia. Clin Endocrinol (Oxf). 2017;87(5):492–9. https://doi.
org/10.1111/cen.13384. (In eng).

31. Arslan A, Karaarslan E, Dinçer A. High intensity signal of the 
posterior pituitary. A study with horizontal direction of frequency-
encoding and fat suppression MR techniques. Acta Radiol. 
1999;40(2):142–5. https://doi.org/10.3109/02841859909177729. 
(In eng).

32. Moses AM, Clayton B, Hochhauser L. Use of T1-weighted MR 
imaging to differentiate between primary polydipsia and central 
Diabetes insipidus. AJNR Am J Neuroradiol. 1992;13(5):1273–7. 
(In eng).

33. Côté M, Salzman KL, Sorour M, Couldwell WT. Normal dimen-
sions of the posterior pituitary bright spot on magnetic reso-
nance imaging. J Neurosurg. 2014;120(2):357–62. https://doi.
org/10.3171/2013.11.Jns131320. (In eng).

34. Maghnie M, Cosi G, Genovese E, et al. Central Diabetes insipidus 
in children and young adults. N Engl J Med. 2000;343(14):998–
1007. https://doi.org/10.1056/NEJM200010053431403. (In eng).

35. Hannon M, Orr C, Moran C, Behan L, Agha A, Ball S, Thomp-
son C. Anterior Hypopituitarism is Rare and Autoimmune Dis-
ease is Common in Adults with Idiopathic Central Diabetes 
Insipidus. Clin Endocrinol (Oxf) 2011 (In Eng). https://doi.
org/10.1111/j.1365-2265.2011.04270.x.

third domain of the vasopressin precursor. Int J Pept Protein Res. 
1986;27(3):320–4. (In eng).

4. Fenske W, Refardt J, Chifu I, et al. A copeptin-based Approach 
in the diagnosis of Diabetes insipidus. N Engl J Med. 
2018;379(5):428–39.

5. Winzeler B, Cesana-Nigro N, Refardt J, et al. Arginine-stim-
ulated copeptin measurements in the differential diagnosis of 
Diabetes insipidus: a prospective diagnostic study. Lancet. 
2019;394(10198):587–95.

6. Atila C, Gaisl O, Vogt DR, Werlen L, Szinnai G, Christ-Crain 
M. Glucagon-stimulated copeptin measurements in the differen-
tial diagnosis of Diabetes insipidus: a double-blind, randomized, 
placebo-controlled study. Eur J Endocrinol. 2022;187(1):65–74. 
https://doi.org/10.1530/eje-22-0033. (In eng).

7. Prentice M. Time for change: renaming Diabetes insipidus to 
improve patient safety. Clin Endocrinol (Oxf). 2018;88(5):625–6. 
https://doi.org/10.1111/cen.13578. (In eng).

8. Atila C, Loughrey PB, Garrahy A, et al. Central Diabetes 
insipidus from a patient’s perspective: management, psycho-
logical co-morbidities, and renaming of the condition: results 
from an international web-based survey. Lancet Diabetes 
Endocrinol. 2022;10(10):700–9. https://doi.org/10.1016/s2213-
8587(22)00219-4. (In eng).

9. Arima H, Cheetham T, Christ-Crain M, et al. Changing the 
name of Diabetes insipidus: a position statement of the Work-
ing Group for Renaming Diabetes Insipidus. Eur J Endocrinol. 
2022;187(5):P1–p3. https://doi.org/10.1530/eje-22-0751. (In 
eng).

10. Babey M, Kopp P, Robertson GL. Familial forms of Dia-
betes insipidus: clinical and molecular characteristics. Nat 
Rev Endocrinol. 2011;7(12):701–14. https://doi.org/10.1038/
nrendo.2011.100. (In eng).

11. Fujiwara TM, Bichet DG. Molecular biology of hereditary Dia-
betes insipidus. J Am Soc Nephrol. 2005;16(10):2836–46. https://
doi.org/10.1681/asn.2005040371. (In eng).

12. Miller M, Dalakos T, Moses AM, Fellerman H, Streeten DH. Rec-
ognition of partial defects in antidiuretic hormone secretion. Ann 
Intern Med. 1970;73(5):721–9. https://doi.org/10.7326/0003-
4819-73-5-721. (In eng).

13. Rivier C, Vale W. Modulation of stress-induced ACTH 
release by corticotropin-releasing factor, catecholamines 
and vasopressin. Nature. 1983;305(5932):325–7. https://doi.
org/10.1038/305325a0. (In eng).

14. Gillies GE, Linton EA, Lowry PJ. Corticotropin releasing activity 
of the new CRF is potentiated several times by vasopressin. Nature. 
1982;299(5881):355–7. https://doi.org/10.1038/299355a0. (In 
eng).

15. Nagy G, Mulchahey JJ, Smyth DG, Neill JD. The glycopep-
tide moiety of vasopressin-neurophysin precursor is neuro-
hypophysial prolactin releasing factor. Biochem Biophys Res 
Commun. 1988;151(1):524–9. https://doi.org/10.1016/0006-
291x(88)90625-0. (In eng).

16. Hyde JF, Ben-Jonathan N. The posterior pituitary contains a 
potent prolactin-releasing factor: in vivo studies. Endocrinology. 
1989;125(2):736–41. https://doi.org/10.1210/endo-125-2-736. 
(In eng).

17. Barat C, Simpson L, Breslow E. Properties of human vasopressin 
precursor constructs: inefficient monomer folding in the absence 
of copeptin as a potential contributor to Diabetes insipidus. 
Biochemistry. 2004;43(25):8191–203. https://doi.org/10.1021/
bi0400094. (In eng).

18. Wun T. Vasopressin and platelets: a concise review. Platelets. 
1997;8(1):15–22. https://doi.org/10.1080/09537109777492. (In 
eng).

19. Preibisz JJ, Sealey JE, Laragh JH, Cody RJ, Weksler BB. Plasma 
and platelet vasopressin in Essential Hypertension and Congestive 

1 3

https://doi.org/10.1161/01.hyp.5.2_pt_2.i129
https://doi.org/10.1161/01.hyp.5.2_pt_2.i129
https://doi.org/10.1016/s0009-9120(02)00440-x
https://doi.org/10.1016/s0009-9120(02)00440-x
https://doi.org/10.1172/jci108377
https://doi.org/10.1373/clinchem.2005.060038
https://doi.org/10.1373/clinchem.2005.060038
https://doi.org/10.1210/jc.2010-2499
https://doi.org/10.1210/jc.2010-2499
https://doi.org/10.1210/jc.2017-01891
https://doi.org/10.1042/cs20080140
https://doi.org/10.1373/clinchem.2009.141689
https://doi.org/10.1373/clinchem.2009.141689
https://doi.org/10.1155/2017/4737082
https://doi.org/10.1155/2017/4737082
https://doi.org/10.3109/1354750x.2014.940504
https://doi.org/10.1371/journal.pone.0098240
https://doi.org/10.1371/journal.pone.0098240
https://doi.org/10.1111/cen.13384
https://doi.org/10.1111/cen.13384
https://doi.org/10.3109/02841859909177729
https://doi.org/10.3171/2013.11.Jns131320
https://doi.org/10.3171/2013.11.Jns131320
https://doi.org/10.1056/NEJM200010053431403
https://doi.org/10.1111/j.1365-2265.2011.04270.x
https://doi.org/10.1111/j.1365-2265.2011.04270.x
https://doi.org/10.1530/eje-22-0033
https://doi.org/10.1111/cen.13578
https://doi.org/10.1016/s2213-8587(22)00219-4
https://doi.org/10.1016/s2213-8587(22)00219-4
https://doi.org/10.1530/eje-22-0751
https://doi.org/10.1038/nrendo.2011.100
https://doi.org/10.1038/nrendo.2011.100
https://doi.org/10.1681/asn.2005040371
https://doi.org/10.1681/asn.2005040371
https://doi.org/10.7326/0003-4819-73-5-721
https://doi.org/10.7326/0003-4819-73-5-721
https://doi.org/10.1038/305325a0
https://doi.org/10.1038/305325a0
https://doi.org/10.1038/299355a0
https://doi.org/10.1016/0006-291x(88)90625-0
https://doi.org/10.1016/0006-291x(88)90625-0
https://doi.org/10.1210/endo-125-2-736
https://doi.org/10.1021/bi0400094
https://doi.org/10.1021/bi0400094
https://doi.org/10.1080/09537109777492


Reviews in Endocrine and Metabolic Disorders

51. Brooks E, Bachmeier C, Vorster J, et al. Copeptin is increased by 
nausea and vomiting during hypertonic saline infusion in healthy 
individuals. Clin Endocrinol (Oxf). 2021;94(5):820–6. https://
doi.org/10.1111/cen.14417. (In eng).

52. Urwyler SA, Lustenberger S, Drummond JR, et al. Effects of 
oral macimorelin on copeptin and anterior pituitary hormones 
in healthy volunteers. Pituitary. 2021;24(4):555–63. https://doi.
org/10.1007/s11102-021-01132-9. (In eng).

53. Fenske W, Refardt J, Chifu I, et al. A copeptin-based Approach 
in the diagnosis of Diabetes insipidus. N Engl J Med. 
2018;379(5):428–39. https://doi.org/10.1056/NEJMoa1803760. 
(In eng).

54. Dilrukshi M, Vickars M, May C et al. Management of cranial 
Diabetes insipidus – clinical outcomes and patient perception of 
care. Eur J Endocrinol 2022:EJE-22–0187. (In English). https://
doi.org/10.1530/eje-22-0187.

55. Tomkins M, Lawless S, Martin-Grace J, Sherlock M, Thompson 
CJ. Diagnosis and management of Central Diabetes Insipidus in 
adults. J Clin Endocrinol Metab. 2022;107(10):2701–15. https://
doi.org/10.1210/clinem/dgac381. (In eng).

56. Oiso Y, Robertson GL, Nørgaard JP, Juul KV. Clinical review: 
treatment of neurohypophyseal Diabetes insipidus. J Clin Endo-
crinol Metab. 2013;98(10):3958–67. https://doi.org/10.1210/
jc.2013-2326. (In eng).

57. Garrahy A, Thompson CJ. Management of central Diabetes insip-
idus. Best Pract Res Clin Endocrinol Metab. 2020;34(5):101385. 
https://doi.org/10.1016/j.beem.2020.101385. (In eng).

58. Richardson DW, Robinson AG, Desmopressin. Ann Intern Med. 
1985;103(2):228–39. https://doi.org/10.7326/0003-4819-103-2-
228. (In eng).

59. Agha A, Rogers B, Mylotte D, Taleb F, Tormey W, Phillips J, 
Thompson CJ. Neuroendocrine dysfunction in the acute phase of 
traumatic brain injury. Clin Endocrinol (Oxf). 2004;60(5):584–
91. https://doi.org/10.1111/j.1365-2265.2004.02023.x. (In eng).

60. Seckl J, Dunger D. Postoperative Diabetes insipidus. BMJ. 
1989;298(6665):2–3. https://doi.org/10.1136/bmj.298.6665.2. (In 
eng).

61. Williams TD, Dunger DB, Lyon CC, Lewis RJ, Taylor F, 
Lightman SL. Antidiuretic effect and pharmacokinetics of oral 
1-desamino-8-D-arginine vasopressin. 1. Studies in adults and 
children. J Clin Endocrinol Metab. 1986;63(1):129–32. https://
doi.org/10.1210/jcem-63-1-129. (In eng).

62. Rittig S, Jensen AR, Jensen KT, Pedersen EB. Effect of food 
intake on the pharmacokinetics and antidiuretic activity of oral 
desmopressin (DDAVP) in hydrated normal subjects. Clin Endo-
crinol (Oxf). 1998;48(2):235–41. (In eng).

63. Seif SM, Zenser TV, Ciarochi FF, Davis BB, Robinson AG. 
DDAVP (1-desamino-8-D-arginine-vasopressin) treatment of 
central Diabetes insipidus–mechanism of prolonged antidiure-
sis. J Clin Endocrinol Metab. 1978;46(3):381–8. https://doi.
org/10.1210/jcem-46-3-381. (In eng).

64. Achinger SG, Arieff AI, Kalantar-Zadeh K, Ayus JC. Desmopres-
sin acetate (DDAVP)-associated hyponatremia and brain dam-
age: a case series. Nephrol Dial Transplant. 2014;29(12):2310–5. 
https://doi.org/10.1093/ndt/gfu263. (In eng).

65. Bichet DG. Regulation of Thirst and Vasopressin Release. Annu 
Rev Physiol. 2019;81:359–73. https://doi.org/10.1146/annurev-
physiol-020518-114556. (In eng).

66. Kim GH. Pathophysiology of Drug-Induced Hyponatremia. J 
Clin Med. 2022;11(19). https://doi.org/10.3390/jcm11195810. 
(In eng).

67. Behan LA, Sherlock M, Moyles P, et al. Abnormal plasma sodium 
concentrations in patients treated with desmopressin for cranial 
Diabetes insipidus: results of a long-term retrospective study. Eur 
J Endocrinol. 2015;172(3):243–50. https://doi.org/10.1530/eje-
14-0719. (In eng).

36. Leger J, Velasquez A, Garel C, Hassan M, Czernichow P. Thick-
ened pituitary stalk on magnetic resonance imaging in chil-
dren with central Diabetes insipidus. J Clin Endocrinol Metab. 
1999;84(6):1954–60. https://doi.org/10.1210/jcem.84.6.5745. (In 
eng).

37. Taal MW, Chertow GM, Marsden PA, Skorecki K, Yu ASL, 
Brenner BM, editors. Disorders of water balance. Brenner and 
Rector’s the kidney. 9th ed. Philadelphia: Saunders; 2011. pp. 
552–69. Chap. 15.

38. Nahum U, Refardt J, Chifu I, et al. Machine learning-based algo-
rithm as an innovative approach for the differentiation between 
Diabetes insipidus and primary polydipsia in clinical practice. 
Eur J Endocrinol. 2022;187(6):777–86. https://doi.org/10.1530/
eje-22-0368. (In eng).

39. Fenske W, Allolio B. Clinical review: current state and future 
perspectives in the diagnosis of Diabetes insipidus: a clinical 
review. J Clin Endocrinol Metab. 2012;97(10):3426–37. https://
doi.org/10.1210/jc.2012-1981. (In eng).

40. Fenske W, Quinkler M, Lorenz D, et al. Copeptin in the differ-
ential diagnosis of the polydipsia-polyuria syndrome–revisiting 
the direct and indirect water deprivation tests. J Clin Endocrinol 
Metab. 2011;96(5):1506–15. https://doi.org/10.1210/jc.2010-
2345. (In eng).

41. Zerbe RL, Robertson GL. A comparison of plasma vasopressin 
measurements with a standard indirect test in the differential diag-
nosis of polyuria. N Engl J Med. 1981;305(26):1539–46. https://
doi.org/10.1056/nejm198112243052601. (In eng).

42. Robertson GL, Mahr EA, Athar S, Sinha T. Development and 
clinical application of a new method for the radioimmunoas-
say of arginine vasopressin in human plasma. J Clin Invest. 
1973;52(9):2340–52. https://doi.org/10.1172/jci107423. (In eng).

43. Czaczkes JW, Kleeman CR, The Effect of Various States of 
Hydration and the Plasma Concentration on, the Turnover of 
Antidiuretic Hormone in Mammals. J Clin Invest. 1964;43:1649–
58. https://doi.org/10.1172/jci105040. (In eng).

44. Timper K, Fenske W, Kühn F, et al. Diagnostic accuracy of 
Copeptin in the Differential diagnosis of the polyuria-polydipsia 
syndrome: a prospective Multicenter Study. J Clin Endocrinol 
Metab. 2015;100(6):2268–74. https://doi.org/10.1210/jc.2014-
4507. (In eng).

45. Merimee TJ, Rabinowtitz D, Fineberg SE. Arginine-initiated 
release of human growth hormone. Factors modifying the 
response in normal man. N Engl J Med. 1969;280(26):1434–8. 
https://doi.org/10.1056/nejm196906262802603. (In eng).

46. Nair NP, Lal S, Thavundayil JX, et al. Effect of normal aging on 
the prolactin response to graded doses of sulpiride and to argi-
nine. Prog Neuropsychopharmacol Biol Psychiatry. 1985;9(5–
6):633–7. (In eng).

47. Alba-Roth J, Muller OA, Schopohl J, von Werder K. Argi-
nine stimulates growth hormone secretion by suppressing 
endogenous somatostatin secretion. J Clin Endocrinol Metab. 
1988;67(6):1186–9. https://doi.org/10.1210/jcem-67-6-1186. (In 
eng).

48. Ghigo E, Bellone J, Aimaretti G, et al. Reliability of provoca-
tive tests to assess growth hormone secretory status. Study 
in 472 normally growing children. J Clin Endocrinol Metab. 
1996;81(9):3323–7. https://doi.org/10.1210/jcem.81.9.8784091. 
(In eng).

49. Maghnie M, Cavigioli F, Tinelli C, Autelli M, Aricò M, Aimaretti 
G, Ghigo E. GHRH plus arginine in the diagnosis of acquired 
GH deficiency of childhood-onset. J Clin Endocrinol Metab. 
2002;87(6):2740–4. https://doi.org/10.1210/jcem.87.6.8546. (In 
eng).

50. Baylis PH. Osmoregulation and control of vasopressin secre-
tion in healthy humans. Am J Physiol. 1987;253(5 Pt 2):R671–8. 
https://doi.org/10.1152/ajpregu.1987.253.5.R671. (In eng).

1 3

https://doi.org/10.1111/cen.14417
https://doi.org/10.1111/cen.14417
https://doi.org/10.1007/s11102-021-01132-9
https://doi.org/10.1007/s11102-021-01132-9
https://doi.org/10.1056/NEJMoa1803760
https://doi.org/10.1530/eje-22-0187
https://doi.org/10.1530/eje-22-0187
https://doi.org/10.1210/clinem/dgac381
https://doi.org/10.1210/clinem/dgac381
https://doi.org/10.1210/jc.2013-2326
https://doi.org/10.1210/jc.2013-2326
https://doi.org/10.1016/j.beem.2020.101385
https://doi.org/10.7326/0003-4819-103-2-228
https://doi.org/10.7326/0003-4819-103-2-228
https://doi.org/10.1111/j.1365-2265.2004.02023.x
https://doi.org/10.1136/bmj.298.6665.2
https://doi.org/10.1210/jcem-63-1-129
https://doi.org/10.1210/jcem-63-1-129
https://doi.org/10.1210/jcem-46-3-381
https://doi.org/10.1210/jcem-46-3-381
https://doi.org/10.1093/ndt/gfu263
https://doi.org/10.1146/annurev-physiol-020518-114556
https://doi.org/10.1146/annurev-physiol-020518-114556
https://doi.org/10.3390/jcm11195810
https://doi.org/10.1530/eje-14-0719
https://doi.org/10.1530/eje-14-0719
https://doi.org/10.1210/jcem.84.6.5745
https://doi.org/10.1530/eje-22-0368
https://doi.org/10.1530/eje-22-0368
https://doi.org/10.1210/jc.2012-1981
https://doi.org/10.1210/jc.2012-1981
https://doi.org/10.1210/jc.2010-2345
https://doi.org/10.1210/jc.2010-2345
https://doi.org/10.1056/nejm198112243052601
https://doi.org/10.1056/nejm198112243052601
https://doi.org/10.1172/jci107423
https://doi.org/10.1172/jci105040
https://doi.org/10.1210/jc.2014-4507
https://doi.org/10.1210/jc.2014-4507
https://doi.org/10.1056/nejm196906262802603
https://doi.org/10.1210/jcem-67-6-1186
https://doi.org/10.1210/jcem.81.9.8784091
https://doi.org/10.1210/jcem.87.6.8546
https://doi.org/10.1152/ajpregu.1987.253.5.R671


Reviews in Endocrine and Metabolic Disorders

Diabetes Insipidus. J Clin Endocrinol Metab. 2019;104(8):3181–
91. https://doi.org/10.1210/jc.2018-02608. (In eng).

79. Daughters K, Manstead ASR, Rees DA. Hypopituitarism is asso-
ciated with lower oxytocin concentrations and reduced empathic 
ability. Endocrine. 2017;57(1):166–74. https://doi.org/10.1007/
s12020-017-1332-3. (In eng).

80. Daubenbüchel AM, Hoffmann A, Eveslage M, et al. Oxytocin 
in survivors of childhood-onset craniopharyngioma. Endocrine. 
2016;54(2):524–31. https://doi.org/10.1007/s12020-016-1084-5. 
(In eng).

81. Gebert D, Auer MK, Stieg MR, et al. De-masking oxytocin-defi-
ciency in craniopharyngioma and assessing its link with affective 
function. Psychoneuroendocrinology. 2018;88:61–9. https://doi.
org/10.1016/j.psyneuen.2017.11.006. (In eng).

82. Zada G, Kintz N, Pulido M, Amezcua L. Prevalence of neurobe-
havioral, social, and emotional dysfunction in patients treated 
for childhood craniopharyngioma: a systematic literature review. 
PLoS ONE. 2013;8(11):e76562. https://doi.org/10.1371/journal.
pone.0076562. (In eng).

83. Brandi ML, Gebert D, Kopczak A, Auer MK, Schilbach L. Oxy-
tocin release deficit and social cognition in craniopharyngioma 
patients. J Neuroendocrinol. 2020;32(5):e12842. https://doi.
org/10.1111/jne.12842. (In eng).

84. Sowithayasakul P, Boekhoff S, Bison B, Müller HL. Preg-
nancies after Childhood Craniopharyngioma: results of 
KRANIOPHARYNGEOM 2000/2007 and review of the lit-
erature. Neuroendocrinology. 2021;111(1–2):16–26. https://doi.
org/10.1159/000506639. (In eng).

85. Cook N, Miller J, Hart J. Parent observed neuro-behavioral 
and pro-social improvements with oxytocin following surgical 
resection of craniopharyngioma. J Pediatr Endocrinol Metab. 
2016;29(8):995–1000. https://doi.org/10.1515/jpem-2015-0445. 
(In eng).

86. Sailer C, Winzeler B, Christ-Crain M. Primary polydipsia in the 
medical and psychiatric patient: characteristics, Complications 
and therapy. Swiss Med Wkly. 2017;147:w14514. https://doi.
org/10.4414/smw.2017.14514. (In eng).

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

68. Atila C, Loughrey PB, Garrahy A, et al. Central Diabetes insipi-
dus from a patient’s perspective: management, psychological 
co-morbidities, and renaming of the condition: results from an 
international web-based survey. Lancet Diabetes Endocrinol. 
2022. https://doi.org/10.1016/s2213-8587(22)00219-4. (In eng).

69. Fukuda I, Hizuka N, Takano K. Oral DDAVP is a good alternative 
therapy for patients with central Diabetes insipidus: experience 
of five-year treatment. Endocr J. 2003;50(4):437–43. https://doi.
org/10.1507/endocrj.50.437. (In eng).

70. Kataoka Y, Nishida S, Hirakawa A, Oiso Y, Arima H. Comparison 
of incidence of hyponatremia between intranasal and oral des-
mopressin in patients with central Diabetes insipidus. Endocr J. 
2015;62(2):195–200. https://doi.org/10.1507/endocrj.EJ14-0368. 
(In eng).

71. Robson WL, Leung AK, Norgaard JP. The comparative safety of 
oral versus intranasal desmopressin for the treatment of children 
with nocturnal enuresis. J Urol. 2007;178(1):24–30. https://doi.
org/10.1016/j.juro.2007.03.015. (In eng).

72. Yasuda T, Murakami T, Yasoda A, Sone M, Harada N, Ogura 
M, Inagaki N. Clinical practice changes after Post-market 
Safety reports on Desmopressin orally disintegrating tablet in 
Japan: a single-Center Retrospective Study. J Clin Med Res. 
2021;13(2):92–100. https://doi.org/10.14740/jocmr4399. (In 
eng).

73. Arima H, Oiso Y, Juul KV, Nørgaard JP. Efficacy and safety 
of desmopressin orally disintegrating tablet in patients with 
central Diabetes insipidus: results of a multicenter open-label 
dose-titration study. Endocr J. 2013;60(9):1085–94. https://doi.
org/10.1507/endocrj.ej13-0165. (In eng).

74. Gleeson H, Bonfield A, Hackett E, Crasto W. Concerns about 
the safety of patients with Diabetes insipidus admitted to hos-
pital. Clin Endocrinol (Oxf). 2016;84(6):950–1. https://doi.
org/10.1111/cen.13028. (In eng).

75. Baldeweg SE, Ball S, Brooke A, Gleeson HK, Levy MJ, Prentice 
M, Wass J, Society, for Endocrinology Clinical Guidance. Inpa-
tient management of cranial Diabetes insipidus. Endocr Connect. 
2018;7(7):G8–g11. https://doi.org/10.1530/ec-18-0154. (In eng).

76. NHS-England. Risk of severe harm or death when desmopres-
sin is omitted or delayed in patients with cranial diabetes insipi-
dus. Data last access: 04.07.2022. (https://www.england.nhs.uk/
patientsafety/wp-content/uploads/sites/32/2016/02/psa-desmo-
pressin-080216.pdf).

77. Koch CA, Fulop T. Clinical aspects of changes in water and 
sodium homeostasis in the elderly. Rev Endocr Metab Disord. 
2017;18(1):49–66. https://doi.org/10.1007/s11154-017-9420-5. 
(In eng).

78. Aulinas A, Plessow F, Asanza E, et al. Low plasma oxytocin lev-
els and increased psychopathology in Hypopituitary Men with 

1 3

https://doi.org/10.1210/jc.2018-02608
https://doi.org/10.1007/s12020-017-1332-3
https://doi.org/10.1007/s12020-017-1332-3
https://doi.org/10.1007/s12020-016-1084-5
https://doi.org/10.1016/j.psyneuen.2017.11.006
https://doi.org/10.1016/j.psyneuen.2017.11.006
https://doi.org/10.1371/journal.pone.0076562
https://doi.org/10.1371/journal.pone.0076562
https://doi.org/10.1111/jne.12842
https://doi.org/10.1111/jne.12842
https://doi.org/10.1159/000506639
https://doi.org/10.1159/000506639
https://doi.org/10.1515/jpem-2015-0445
https://doi.org/10.4414/smw.2017.14514
https://doi.org/10.4414/smw.2017.14514
https://doi.org/10.1016/s2213-8587(22)00219-4
https://doi.org/10.1507/endocrj.50.437
https://doi.org/10.1507/endocrj.50.437
https://doi.org/10.1507/endocrj.EJ14-0368
https://doi.org/10.1016/j.juro.2007.03.015
https://doi.org/10.1016/j.juro.2007.03.015
https://doi.org/10.14740/jocmr4399
https://doi.org/10.1507/endocrj.ej13-0165
https://doi.org/10.1507/endocrj.ej13-0165
https://doi.org/10.1111/cen.13028
https://doi.org/10.1111/cen.13028
https://doi.org/10.1530/ec-18-0154
https://www.england.nhs.uk/patientsafety/wp-content/uploads/sites/32/2016/02/psa-desmopressin-080216.pdf
https://www.england.nhs.uk/patientsafety/wp-content/uploads/sites/32/2016/02/psa-desmopressin-080216.pdf
https://www.england.nhs.uk/patientsafety/wp-content/uploads/sites/32/2016/02/psa-desmopressin-080216.pdf
https://doi.org/10.1007/s11154-017-9420-5

	New insights on diagnosis and treatment of AVP deficiency
	Abstract
	1 Introduction
	2 Background
	2.1 Polyuria polydipsia syndrome
	2.2 Copeptin

	3 Diagnosing AVP-D
	3.1 Use of clinical, laboratory and radiological data
	3.2 Diagnostic tests
	3.2.1 Indirect water deprivation test
	3.2.2 Copeptin based tests
	3.2.3 Hypertonic saline stimulation test
	3.2.4 Arginine stimulation test
	3.2.5 Macimorelin stimulation test
	3.2.6 Glucagon stimulation test


	4 Management and complications of AVP-D
	4.1 Pharmacological therapy
	4.2 Psychopathological changes

	5 Summary
	References


