
The Journal of Clinical Endocrinology & Metabolism, 2024, 00, 1–9 
https://doi.org/10.1210/clinem/dgae565
Advance access publication 16 August 2024                                                                                                                                                     
Approach to the Patient

Approach to the Patient With Suspected Hypotonic Polyuria
John Newell-Price,1 Juliana Beaudette Drummond,2 Mark Gurnell,3 Miles Levy,4

Ann McCormack,5,6,7 Deborah Cooper,8 John Wass,9 Mirjam Christ-Crain,10,*
and Joseph G. Verbalis11,*
1School of Medicine and Population Health, University of Sheffield, Sheffield S10 2RX, UK
2Department of Internal Medicine, School of Medicine, Federal University of Minas Gerais, Belo Horizonte MG - CEP 31270-901, Brazil
3Institute of Metabolic Science & Department of Medicine, University of Cambridge & Addenbrooke’s Hospital, Cambridge Biomedical 
Campus, Cambridge CB2 0QQ, UK
4Department of Endocrinology, University Hospitals of Leicester NHS Trust, Leicester LE3 9QP, UK
5Department of Endocrinology, St Vincent’s Hospital, Sydney, NSW 2010, Australia
6Hormones and Cancer Group, Garvan Institute of Medical Research, Sydney, NSW 2010, Australia
7St. Vincent’s Clinical School, University of New South Wales, Sydney, NSW 2052, Australia
8The Pituitary Foundation, Bristol BS2 8PE, UK
9Department of Endocrinology, University of Oxford, Churchill Hospital, Oxford OX3 7LE, UK
10Department of Endocrinology, University Hospital and University of Basel, CH-4031 Basel, Switzerland
11Georgetown-Howard Universities Center for Clinical and Translational Science, Georgetown University, Washington, DC 20007, USA
Correspondence: John Newell-Price, MB BChir, PhD, School of Medicine and Population Health, University of Sheffield, Sheffield S10 2RX, UK.  
Email: j.newellprice@sheffield.ac.uk; Mirjam Christ-Crain, MD, PhD, Department of Endocrinology, University Hospital and University of Basel, CH-4031 Basel, 
Switzerland. Email: Mirjam.Christ-Crain@usb.ch; Joseph G. Verbalis, MD, Georgetown-Howard Universities Center for Clinical and Translational Science, 
Georgetown University, Washington, DC 20007, USA. Email: verbalis@georgetown.edu. 
*Joint senior authors.

Abstract
Investigation and management of hypotonic polyuria is a common challenge in clinical endocrinology. The 3 main causes, recently renamed to arginine 
vasopressin deficiency (AVP-D, formerly central diabetes insipidus), arginine vasopressin resistance (AVP-R, formerly nephrogenic diabetes insipidus), 
and primary polydipsia (PP) require accurate diagnosis, as management differs for each. This new nomenclature more accurately reflects 
pathophysiology and has now been adopted by the Systemized Nomenclature of Medicine (SNOMED). Advances in diagnosis over the last few 
years have centered around the use of copeptin measurement. Here, we use 3 patient case histories to highlight the use of this approach, and to 
demonstrate how it can succeed where other approaches, such as the water deprivation test, sometimes fail. We discuss the overall approach to 
each type of patient and the strengths and limitations of diagnostic strategies, illustrating the use of the new nomenclature.
Key Words: arginine vasopressin, deficiency, resistance, polydipsia, hypotonic, polyuria, diabetes insipidus, osmolality, systemized nomenclature of medicine 
(SNOMED)
Abbreviations: AVP-D, arginine vasopressin deficiency; AVP-R, arginine vasopressin resistance; CNS, central nervous system; eGFR, estimated glomerular 
filtration rate; HbA1c, glycated hemoglobin; ILA, immunoluminometric assay; MRI, magnetic resonance imaging; PP, primary polydipsia; T4, thyroxine; TSH, 
thyrotropin (thyroid stimulating hormone).
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It is common for endocrinologists to receive referred patients 
who have polyuria and polydipsia that need investigation. 
When initial investigations reveal the urine to be hypotonic, 
differentiating between the 3 main causes is essential, as the 
management differs for each (1). Over the past 2 years, due 
to concerns about patient safety and in response to patient 
feedback, the causes of hypotonic polyuria have been re
named as arginine vasopressin deficiency (AVP-D, formerly 
central diabetes insipidus), arginine vasopressin resistance 
(AVP-R, formerly nephrogenic diabetes insipidus), while 
the name of the third cause is retained as primary polydipsia 
(PP), in which excess fluid intake suppresses AVP (2) secre
tion. In a survey of more than one thousand patients with 
AVP-D, the large majority had experienced confusion of 
their condition by health care workers with diabetes 

mellitus, resulting in delays in availability of desmopressin 
and unnecessary capillary glucose monitoring when hospital
ized, and 85% favored changing the name (3). The new no
menclature more accurately reflects pathophysiology and 
clearly identifies the patients’ condition as different from dia
betes mellitus, and now has been adopted by the Systemized 
Nomenclature of Medicine (SNOMED) taxonomy hierarchy 
codes for electronic patient records (4). In parallel, the last 
several years have seen improvements in the diagnostic tools 
used for the investigation of hypotonic polyuria, with a par
ticular emphasis on the use of measurement of plasma co
peptin. This Approach to the Patient review presents the 
use of this copeptin-based approach in 3 specific cases, and 
places each in the context of the revised nomenclature. We 
then describe the overall approach to the patient presenting 
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with hypotonic polyuria, itemize the causes, and discuss 
when and how testing should be performed (Fig. 1), high
lighting specific areas that frequently cause diagnostic and 
management difficulties.

Case 1
Case 1 Presentation and Assessment
A 77-year-old male patient was referred for further evaluation 
of possible AVP-D. The patient reported onset of polyuria and 
polydipsia following a viral infection that was thought to be 
COVID-19, but this was never confirmed. The symptoms of 
polyuria and polydipsia persisted but slowly decreased in in
tensity over the next 2 years. The patient’s symptom diary re
corded total urine volumes between 2 to 2.9 liters (L)/ 
24 hours, nocturia 1 to 2 times/night and daytime urinary fre
quency, but without large volumes of urine with each void. He 
estimated his fluid intake to be approximately 2.0 L/day. His 
thirst was described as moderate (4/10) but was usually easily 
relieved with small sips of water. In his past medical history, 
he had received lithium for more than 30 years for bipolar dis
order. When he reported polyuria and polydipsia, his psych
iatrist stopped the lithium approximately 1 year ago, 
without much effect on his polyuria. He also had a past history 
of bladder outlet obstruction, bladder cancer, and benign 

prostatic hypertrophy treated with tamsulosin 0.4 mg twice a 
day. His other medications included quetiapine 300 mg/d and 
atorvastatin 20 mg/d. Prior to referral he had undergone an 
8-hour overnight fluid deprivation, following which his biochem
ical testing showed serum sodium 144 mmol/L (133-146), estimated 
glomerular filtration rate (eGFR) = 54 mL/min, plasma osmolality 
301 mOsm/kg, and urine osmolality 390 mOsm/kg, but desmopres
sin was not administered at the end of the overnight fluid deprivation. 
Other biochemistry was normal including glycated hemoglobin 
(HbA1c) = 5.9% (4.0-5.6%), free thyroxine (free T4) = 1.4 ng/dL 
(0.8-1.5) (SI: 18 pmol/L [10.3-19.8 pmol/L]), thyrotropin (TSH) =  
1.42 mIU/L (0.5-5.0), serum calcium 2.34 mmol/L (2.2-2.7), 
LiCl < 0.1 mmol/L. These results were thought by the referring 
endocrinologist to be most consistent with AVP-D.

On physical examination, the patient was clinically euvole
mic with blood pressure = 153/88 mmHg, weight = 80.1 kg, 
and body mass index = 28 kg/m2. Evaluation consisted of a 
single fasting early morning serum copeptin level, which was 
elevated at 22.8 pmol/L, confirming a diagnosis of AVP-R 
(Fig. 1). In retrospect, a call to the referring endocrinologist’s 
office revealed that a copeptin level was 64.8 pmol/L at the 
end of the overnight fluid deprivation test but had not been re
corded in the referral due to a delay in the assay results being 
returned by the laboratory.

A single serum Na+<135 mmol/L – suggests PP; >146 mmol/L excludes PP

Urine osmolality

Urine <800mOsmol/kg – measure serum osmolality, Na+ and save sample for plasma copep!n1

>800mOSMol/kg  = PP and AVP-related 
polyuria excluded

AVP- related polyuria / PP

pOsmo <285 Osmol/kg, Na+ 
<135mmol/L3 =  PP

Copep!n result2 Copep!n>21.4pmol/L4 =  AVP-R

Copep!n <21.4 pmol/L Direct s!mula!on test for copep!n 

Consider measuring urine osmolality
a"er an overnight fast if severe AVP-D/R not 
suspected (see text)

Urine osmolality
<800mOsmol/kg

S!mulated copep!n >4.9pmol/L a"er 
hypertonic saline or >5.3pmol/l a"er 
arginine = PP

S!mulated copep!n <4.9pmol/L a"er 
hypertonic saline or <3.0pmol/l a"er 
arginine = AVP-D

Interpreta!on

Suspected hypotonic polyuria (see text)

polyuria >40ml/kg/24 hours

Water Depriva!on Test 
(WDT)  if copep!n not 
available

Figure 1. Flow diagram for the approach to the patient with hypotonic polyuria. Abbreviations: AVP-D, arginine vasopressin deficiency; AVP-R, arginine 
vasopressin resistance; PP, primary polydipsia. 1AVP measurement validated in some countries; 2 Water deprivation test an alternative; 3Actual cutoff 
depends on reference range of serum Na+; 4Nonosmotic stimulation—for example—acutely unwell/syncope may cause an elevated level. 
Interpretation of water deprivation test: If copeptin is not available, the indirect water deprivation test can be performed as described by Miller et al (5). 
Usually, the concentration of urine over a 16-hour period of fluid restriction is assessed, followed by interpretation of the ability to concentrate urine in 
response to the synthetic V2 receptor-specific AVP analogue, desmopressin at the end of the test. In patients where the urinary osmolality stays below 
300 mOsm/kg during fluid deprivation but increases over 50% upon desmopressin administration, the diagnosis of complete AVP-D can be made. 
Patients with a persistent low urinary osmolality and no response to desmopressin are diagnosed with AVP-R. Urinary concentration in patients with 
partial AVP and primary polydipsia is expected to increase to levels above 300 mOsm/kg, whilst remaining below 800 mOsm/kg, with further increases 
in osmolality seen upon desmopressin injection of more than 9% in partial AVP patients and less than 9% in primary polydipsic patients (5).
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Case 1 Discussion
Although the patient did not meet criteria for a diagnosis of poly
uria (Fig. 1), 2 factors influenced the decision for further investi
gation: (i) the patient’s chronic kidney disease likely limited the 
total urine output; and (ii) the referring endocrinologist was con
cerned about the possibility of AVP-D, in which case the patient 
would respond to treatment with desmopressin. The definition of 
hypotonic polyuria is discussed in the subsequent section on 
“Clinical Suspicion,” but this case illustrates that clinical judg
ment and experience should be considered in the identification 
of patients who might benefit from further evaluation. An ele
vated plasma AVP level has long been a diagnostic feature of 
AVP-R. Variability in immunochemical assays for AVP and the 
inherent challenges in measuring this labile peptide, has, how
ever, precluded widespread adoption of formal cutoff values 
for making this diagnosis. The development of the BRAHMS co
peptin assay has enabled formal criteria to be developed, and a 
cutoff of 21.4 pmol/L in a baseline plasma sample has 100% spe
cificity and sensitivity for diagnosis of AVP-R, without the need 
for further testing (6, 7). This case was confusing to the referring 
endocrinologist because the patient had discontinued lithium 
therapy more than a year ago, and the intercurrent COVID infec
tion raised a question as to whether there could possibly be cen
tral nervous system (CNS) effects and possible AVP-D. Polyuria 
due to impaired urinary concentrating ability occurs in up to 
20% of patients treated with chronic lithium therapy; an add
itional 30% have a subclinical impairment in concentrating abil
ity. These effects are mediated by lithium entry into the principal 
cells in the collecting tubule via the epithelial sodium channel 
(ENaC), where lithium inhibits signaling pathways that involve 
glycogen synthase kinase type 3 beta (GSK3beta), resulting in 
dysfunction of the aquaporin-2 water channels (8). Although 
most cases of lithium-induced AVP-R resolve after discontinu
ation of lithium therapy, AVP-R often becomes irreversible after 
many years of chronic use. Although the mechanism is incom
pletely understood, it is thought to be the result of a chronic tubu
lointerstitial nephropathy. The markedly increased copeptin level 
after an overnight fluid deprivation shows that AVP secretion can 
increase further in response to osmotic or volume stimuli, but es
tablishing this is not necessary for the diagnosis of AVP-R. One 
potential confounder in this case is the patient’s underlying 
chronic kidney disease, which has been shown to elevate serum 
copeptin levels. This effect is, however, most marked with 
eGFR levels < 50 mL/min, which was not the case here. In add
ition, the patient’s past urological history and related medication 
may have caused diagnostic confusion, and although the HbA1c 
was not entirely normal, and was consistent with prediabetes, it 
did not represent a degree of glucose dysregulation that would be 
associated with polyuria from glucosuria. Treatment of AVP-R 
includes reduced protein and NaCl intake, hydrochlorothiazide, 
amiloride, and nonsteroidal anti-inflammatory drugs (1). In this 
case, amiloride was not indicated because the patient was no lon
ger taking LiCl, and other pharmacological agents were avoided 
to prevent accelerated progression of CKD. Modest protein and 
NaCl restriction were recommended to reduce urine output and 
limit the patient’s urinary frequency and nocturia.

Case 2
Case 2 Presentation and Assessment
A 29-year-old male patient presented with a 12-year history of 
polyuria and polydipsia. The onset of symptoms had been 

gradual, and he described drinking around 12 L/day and poly
uria with around 16 episodes of voiding during the day but 
only 1 or 2 during the night. Family history was negative for 
polyuria and polydipsia. In his past medical history, he had 
an obsessive-compulsive disorder and attention-deficit/hyper
activity disorder. Medication included duloxetine 60 mg/d and 
Ritalin 10 mg twice a day. Prior to referral, an indirect water 
deprivation test had been nondiagnostic: maximum urine 
osmolality of 543 mOsm/kg after 8 hours of water deprivation 
with serum sodium 142 mmol/L and a plasma osmolality 297 
mOsm/kg. A further 41% maximum increase in urine osmolal
ity (765 mOsm/kg) was observed 90 minutes following admin
istration of desmopressin 2 mcg intravenously.

After referral, a 24-hour urine collection revealed a urinary 
volume of 15.8 L (148 mL/kg/24 hours) and a urine osmolal
ity of 113 mOsm/kg, confirming hypotonic polyuria. Baseline 
serum sodium was 140 mmol/L, with normal renal function, 
serum glucose, and calcium. Pituitary magnetic resonance im
aging (MRI) was normal with a posterior pituitary bright spot 
visible. His baseline plasma copeptin level of 3.6 pmol/L, ex
cluding AVP-R (Fig. 1).

In order to better differentiate between primary PP and par
tial AVP-D, the patient underwent a hypertonic saline stimula
tion test. Serum sodium levels reached 150 mmol/L after a 
3-hour infusion of NaCl 3% (0.15 mL/kg/min). The procedure 
was well-tolerated, and the patient reported severe thirst (10/ 
10 on a visual analogue scale) at the end of the test. 
Hypertonic saline-stimulated copeptin level was 29.2 pmol/L, 
confirming the diagnosis of PP.

Behavioral therapy was recommended. On a follow-up vis
it, after 3 months, the patient reported partial improvement as 
he was able to slightly reduce water intake with a reduction of 
voiding to around 10 episodes/24 hours and with a urinary 
volume decrease of approximately 30% (95 mL/kg/24 hours).

Case 2 Discussion
The differentiation between PP and partial AVP-D is often 
challenging. Features in this patient’s clinical history that favor 
the diagnosis of PP include the gradual onset of symptoms as 
well as less polyuria at night. Even though psychiatric disease 
has been classically associated with PP, a recent international 
patient survey showed a high prevalence of psychological co
morbidities in patients with AVP-D (9). A 24-hour urine col
lection is essential to establish the diagnosis of PP 
characterized by urinary volume above 50 mL/kg/24 hours 
and urine osmolality below 600 mOsm/kg; however, the 
amount of polyuria or the urine osmolality per se do not aid 
in the distinction between PP and partial AVP-D. Most pa
tients with PP will present with normal serum sodium levels, 
while hypotonic hyponatremia is indicative of PP. The water 
deprivation test is frequently nondiagnostic in patients with 
PP and partial AVP-D since water deprivation is commonly in
terrupted before serum sodium concentration or plasma osmo
lality increases sufficiently to stimulate maximal AVP 
secretion, in which case desmopressin administration will 
cause a further increase in urine osmolality, even in patients 
with PP (10), as illustrated by this case. The hypertonic 
saline-stimulated copeptin is the gold standard test to differen
tiate PP from AVP-D and a copeptin level > 4.9 pmol/L is diag
nostic of PP with an accuracy above 95% (7, 11). While 
hypertonic saline infusion is usually well-tolerated, common 
side effects include headache, nausea, and thirst, but these 
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are most often mild. The test should be performed under med
ical supervision at experienced centers, as it requires close 
monitoring of sodium levels to ascertain a diagnostically 
meaningful increase in plasma sodium within the hyperos
motic range while preventing a marked increase.

Case 3
Case 3 Presentation and Assessment
A 50-year-old man reported an 18-month history of increas
ing tiredness and lethargy with reduced exercise tolerance. 
More recently, he had developed significant thirst and poly
uria (4-5 L per 24 hours) with associated sleep disturbance 
(nocturia 4-6 times per night). He described no other lower 
urinary tract symptoms. Initial investigation excluded dia
betes mellitus.

Careful questioning revealed that he had undergone exci
sion biopsy of a solitary cervical lymph node 8 years earlier, 
with histology demonstrating numerous non-caseating granu
lomas. Further investigation had excluded systemic involve
ment, and a diagnosis of localized sarcoidosis was made. No 
treatment was recommended.

At re-presentation, although physical examination was unre
markable, the patient observed he had reduced muscle mass and 
central adiposity when compared with previous examinations.

Assessment of anterior pituitary function revealed 
central hypogonadism, luteinizing hormone  = 0.4 mIU/mL 
(1.5-6.3) (SI 0.4 IU/L [1.5-6.3]), total testosterone = 23 ng/dL 
(194-900) (SI: 0.8 nmol/L [6.7-31.3]), with mild hyperprolac
tinemia, prolactin = 33.5 ng/mL (2.1-17.6) (SI: 713 mU/L 
[45-375]). His 9 AM cortisol level was 16.3 mcg/dL (5-25) 
(SI: 450 nmol/L [137-690)], free T4 1.08 ng/dL (0.8-1.5) (SI: 
13.9 pmol/L [10.3-19.8 pmol/L]), and TSH 0.56 mU/L 
(0.35-5.5). Early morning serum sodium was 146 mmol/L 
(133-146), plasma osmolality 292 mOsm/kg and urine osmo
lality 351 mOsm/kg. During an indirect water deprivation test, 
urine osmolality reached a peak of 524 mOsm/kg after desmo
pressin administration.

Pre-contrast MRI of the sella region demonstrated absence 
of the normal posterior pituitary bright spot. Following gado
linium injection, abnormal enhancement was observed along 

the floor of the third ventricle and inferior to the optic chiasm 
with further leptomeningeal enhancement over the surface of 
the brainstem, cerebellum, and cervical cord (Fig. 2).

A diagnosis of neurosarcoidosis was made and treatment 
commenced with prednisolone 60 mg daily. In view of contin
ued thirst and polyuria (with normal plasma glucose), 
once-daily desmopressin was started with measurement of se
rum sodium at 24 and 72 hours, and after 1 and 2 weeks, fol
lowing which the patient reported a marked improvement in 
his symptoms. Subsequent hypertonic saline-stimulated co
peptin measurement (with desmopressin omitted on the day 
of the test) was consistent with AVP-D (serum copeptin 
2.3 pmol/L when serum sodium > 150 mmol/L) (Fig. 1).

Case 3 Discussion
With the clinical history, previous biopsy findings, and imaging 
abnormalities, the likelihood that this patient had AVP-D rather 
than PP was high. It was for this reason that despite the inconclu
sive water deprivation test he was commenced on desmopressin, 
with close observation. Subsequent hypertonic-stimulated co
peptin levels then confirmed AVP-D rather than PP. MRI imaging 
of the hypothalamic-pituitary region is useful to evaluate for the 
presence of tumors/infiltrative disease as well for the presence of 
the posterior pituitary bright spot. Lack of a posterior pituitary 
bright spot (Fig. 2) is, however, not uniform in patients with 
AVP-D and may occur in PP: in a recent multicenter international 
study, the pituitary bright spot was absent in 68% of patients 
with AVP-D and in 14% of patients with PP, highlighting that 
MRI results need to be interpreted in the clinical context 
(7, 11). It is important to note that cortisol deficiency, while 
not a feature of this case, may mask AVP-D which then becomes 
manifest with glucocorticoid replacement (1).

Overall Approach to the Patient
Clinical Suspicion
Patients who have symptoms of polyuria, nocturia, or polydip
sia are candidates for further evaluation of a possible arginine 
vasopressin-related polyuria (AVP-D or AVP-R). However, 
before embarking on more complex pathways of investigation, 
it is important to exclude common causes of polyuria and 

Figure 2. Case 3: T1-weighted MRI pre- (A) and post- (B) gadolinium. The posterior pituitary bright spot is absent on the noncontrast imaging. Following 
gadolinium administration, there is abnormal enhancement along the floor of the third ventricle (upper two arrows), together with widespread 
leptomeningeal enhancement (lower four arrows).
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polydipsia, including hypokalemia and hypercalcemia. 
Certain scenarios are suggestive of a solute diuresis, for ex
ample uncontrolled hyperglycemia, high protein intake from 
parenteral or enteral feeding, tissue catabolism from high-dose 
glucocorticoids, resolving kidney injury including relief of 
urinary obstruction, use of diuretics and SGLT-2 inhibitors, 
administration of mannitol or high volumes of isotonic 
NaCl. The presence of nocturia without daytime polyuria sug
gests nocturnal polyuria (production of 20%-33% of total 
urine volume during sleep). In the absence of such obvious 
causes of symptomatic polyuria, possible AVP-related disor
ders should be evaluated. The first step is measurement of plas
ma osmolality and/or serum sodium concentration. Although 
these are within normal ranges in most patients with polyuria 
due to the ability of thirst and renal water excretion to main
tain osmotic homeostasis, hypernatremia strongly suggests 
AVP-D or AVP-R, and hyponatremia strongly suggests PP as 
the most likely causes of polyuria (1). If the plasma osmolality 
and serum sodium are normal, the next step is confirming the 
presence of hypotonic polyuria. Because patients’ estimations 
of both fluid intake and urine output are not always reliable, 
this should be assessed via measurement of a 24-hour urine 
(1). It is notable that there is no universally accepted definition 
of polyuria. Past studies have used an absolute urine volume 
(eg,  ≥ 3 L/24 hours in adults and ≥ 2 L/m2/24 hours in chil
dren), and others have used a weight-based urine volume 
(eg,  > 40 mL/kg/24 hours or > 50 mL/kg/24 hours). 
Consequently, clinical judgment and experience should be 
used to identify patients requiring further evaluation, but 
the least stringent criteria would be either a urine volume 
≥ 3 L/24 hours in adults and ≥ 2 L/m2/24 hours in children, 
or > 40 mL/kg/24 hours. If these minimal criteria are not 
met, the patient should undergo urological evaluation for 
causes of increased urine frequency or nocturnal polyuria. 
Once polyuria is established, the second step is to confirm 
hypotonicity via measurement of osmolality in the 24 hours 
urine sample. A urine osmolality ≤ 300 mOsm/kg H2O con
firms a hypotonic urine, and a urine osmolality ≥ 800 
mOsm/kg H2O indicates a solute diuresis (due to glucose, so
dium, urea, or administered diuretics such as mannitol). 
Urine osmolalities between 300 and 800 mOsm/kg H2O 
can be seen with partial AVP-D or AVP-R, so in such cases 
further evaluation is necessary. Once hypotonic polyuria is 
confirmed, additional testing is necessary to identify the cause 
(Table 1).

Rationale for Use of Copeptin as Diagnostic 
Approach
The precursor peptide of AVP consists of the AVP moiety, 
neurophysin-2, and a 39–amino acid glycosylated peptide 
with a leucine-rich core segment, termed copeptin at the 
C-terminal end. This precursor is synthesized in magnocellu
lar neurons located in 2 discrete areas of the hypothalamus, 
the supraoptic and paraventricular nuclei, and during axonal 
transport to the posterior pituitary it is cleaved to form AVP 
and copeptin, and both are released into the circulation in 
equimolar amounts (12, 13). AVP is the main regulatory hor
mone for water homeostasis. During normal day-to-day liv
ing, AVP release is mainly stimulated by an increase in 
plasma osmolality and induces water reabsorption via AVP 
V2 receptors in the kidneys (14). Nonosmotic release may 
also occur during significant hypovolemia and high levels of 

physical stress, trauma, nausea, or illness. Inadequate secre
tion, or more usually deficient synthesis, of AVP in the hypo
thalamic neurohypophyseal system results in AVP-D. AVP 
measurement in response to osmotic stimulation has therefore 
long been recommended in the diagnostic evaluation of pa
tients with polyuria polydipsia (15) (see subsequent section 
on “Use of Water Deprivation Tests”).

AVP is, however, difficult to measure due to complex pre- 
analytical requirements and lack of readily available assays 
with a quick turnaround for the result. Moreover, a large 
amount of AVP in the circulation is bound to platelets, result
ing in underestimation of actual AVP concentration, while in
complete removal of platelets from plasma or prolonged 
storage of unprocessed blood leads to falsely elevated AVP 
measurements (16-18). In addition, detection of AVP is 
also hampered by its short half-life in vivo of less than 
30 minutes and its instability in isolated plasma, even when 
stored at −20 °C. For these reasons, direct measurement of 
AVP is not used in clinical practice in most countries, although 
there are exceptions—for example Japan—where validated 
assays are available in the differential diagnosis of polyuria 
polydipsia syndrome (19).

Copeptin responds as rapidly as AVP to osmotic and nonos
motic stimuli, which is explained by its equimolar production 
and secretion together with AVP. A direct comparison be
tween copeptin and AVP release in relationship to serum 
osmolality showed a stronger correlation of plasma osmolal
ity with copeptin than with AVP and a very strong correlation 
between both peptides (20). A study directly comparing the 
kinetics and half-life of copeptin and AVP showed similar 
kinetics of copeptin secretion in response to increases in os
motic pressure to AVP. The half-life of copeptin is, however, 
around 2 times higher than the half-life of AVP, reflecting 
the differing volume of distribution and metabolic clearance 
rates of the 2 peptides (21).

Due to its high stability ex vivo and simple and robust meas
urement, copeptin offers an alternative method to indirectly 
assess the release of AVP. There are several copeptin assays 
available. The 2 assays with sufficient technical reliability 
and clinical data to justify their routine clinical use are the ori
ginal sandwich immunoluminometric assay (LIA) (22) and its 
automated immunofluorescent successor (on the KRYPTOR 
platform) [both Thermo Fisher Scientific BRAHMS GmbH 
Neuendorfstr. 25 16761 Hennigsdorf Germany]. A recent 
study showed that copeptin measured by the KRYPTOR 
and LIA assays showed a good correlation over a wide range 
of copeptin concentrations (from very low to very high levels). 
In contrast, copeptin measured by an enzyme-linked immuno
sorbent assay (ELISA) method correlated only poorly with 
both the KRYPTOR and LIA measured copeptin concentra
tions (23).

With the measurement of copeptin, the diagnostic evalu
ation of AVP-D greatly improved. Over the last few years, sev
eral copeptin-based tests have shown their superiority to the 
indirect water deprivation test (7, 24).

Copeptin Stimulation Tests in the Differential 
Diagnosis of Polyuria Polydipsia Syndrome
Baseline unstimulated copeptin levels can be used to diagnose 
AVP-R where patients usually present with a copeptin level ≥  
21.4 pmol/L (6, 10) (Fig. 1). However, baseline copeptin levels 
show a large overlap in patients with AVP-D and PP (6) and to 
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reliably diagnose AVP-D, a stimulation test for copeptin is 
required.

Osmotic stimulation is a strong trigger for the secretion of 
AVP and copeptin. When copeptin was measured upon hyper
tonic (3%) saline infusion aiming at a serum sodium level of 
≥ 149 mmol/L, a copeptin value of ≤ 4.9 mmol/L reliably dis
tinguished patients with AVP-D from patients with PP with a 
diagnostic accuracy of 97% (7, 11) (Fig. 1). Importantly, pre
requisites for the test include good venous access and near pa
tient monitoring of serum sodium levels every 30 minutes to 
avoid too great an increase in plasma osmolality. In some pa
tients the test should be avoided, including in those with heart 
failure and conditions where shifts in plasma osmolality may 
be deleterious, such as in those with seizure predisposition.

In order to overcome these limitations, arginine was pro
posed as an alternative and simpler secretagogue. Not only 
is arginine a stimulator of anterior pituitary secretion (25), it 
also stimulates copeptin secretion (24). Upon arginine 

infusion, copeptin measured 60 minutes after start of the infu
sion, using the cutoff of 3.8 pmol/L, had the highest diagnostic 
accuracy to differentiate between patients with AVP-D and PP 
patients (24). The most common adverse effect was mild 
nausea.

In a recent head-to-head trial comparing the diagnostic ac
curacy of hypertonic saline and arginine-stimulated copeptin, 
hypertonic saline stimulation proved to be superior to the ar
ginine stimulation test with a diagnostic accuracy of 95.6% at 
a copeptin cutoff of 4.9 pmol/L vs 74.4% (with a cutoff of 
3.8 pmol/L upon arginine). Nevertheless, an arginine- 
stimulated copeptin < 3.0 pmol/L or > 5.2 pmol/L diagnosed 
more than half of the patients with AVP-D and PP, respect
ively, with a specificity of > 90%. Overall, 72% of patients 
preferred the simpler arginine stimulation to hypertonic sa
line stimulation, as adverse effects were less frequent and 
milder (11), but a drawback is that arginine is not widely 
available.

Table 1. Etiology of polyuria polydipsia syndromes

Basic defect Acquired causes Hereditary/congenital causes

Arginine vasopressin deficiency (AVP-D/formerly known as central diabetes insipidus)
Deficiency in AVP synthesis  

and secretion
• Trauma (transsphenoidal surgerya, intracranial surgery, deceleration 

injury)
• Neoplasia (craniopharyngioma, germinoma, meningioma, metastasis 

to the pituitary and/or hypothalamus)
• Vascular (cerebral or hypothalamic hemorrhage and infarction, 

anterior communicating artery aneurysm or ligation, Sheehan 
syndrome, sickle cell disease)

• Infectious (meningitis, encephalitis, tuberculosis, pituitary or 
hypothalamic abscess)

• Granulomatous (sarcoidosis, Langerhans cell histiocytosis, 
Erdheim-Chester disease, granulomatosis with polyangiitis)

• Inflammatory or autoimmune (lymphocytic 
infundibulo-neurohypophysitis, IgG4 neurohypophysitis, 
anti-vasopressin neuron antibodies, Guillain-Barré syndrome) 
⚬ Osmoreceptor dysfunction (adipsic AVP-D)

• Drug or toxin-exposure (snake venom, tetrodotoxin, phenytoin, ethyl 
alcohol)

• Others (hydrocephalus, ventricular or suprasellar cyst, degenerative 
diseases)

• Idiopathic

• Autosomal dominant: AVP gene mutations
• Autosomal recessive: 
type a and b: AVP gene mutations; 
type c: WFS1 gene mutation—Wolfram 

(DIDMOAD) syndrome; 
type d: PCSK1 gene mutation (AVP-D +  

extreme obesity)
• X-linked recessive: gene unknown
• Septo-optic dysplasia
• Schinzel-Giedion syndrome
• Culler-Jones syndrome
• Alstrom syndrome
• Hartsfield syndrome
• Webb-Dattani (WEDAS) syndrome

Arginine vasopressin resistance (AVP-R/formerly known as nephrogenic diabetes insipidus)
Reduced renal sensitivity to 

antidiuretic effect of 
physiological AVP levels

• Medications (lithium, demeclocycline, cisplatin, aminoglycosides, 
amphotericin B, methoxyflurane, sevoflurane, etc.)

• Metabolic (hypercalcemia or hypokalemia)
• Infiltration associated with systemic disease (amyloidosis, sarcoidosis, 

Sjogren syndrome, hemochromatosis, multiple myeloma, etc.)
• Vascular (renal infarction, sickle cell disease)
• Mechanical (polycystic kidney disease and urethral obstruction)

• X-linked AVPR2 mutations (∼90% of the 
cases)

• Autosomal recessive or dominant AQP2 
gene mutations

• Polyhydramnios, megalencephaly and 
symptomatic epilepsy (PMSE) syndrome

• Inherited renal syndromes (nephropathic 
cystinosis, Bartter syndrome, 
nephronophthisis, etc.)

Primary polydipsia
Excessive fluid intake at a 

diminished set point
• Dipsogenic (downward resetting of the thirst threshold): idiopathic or 

similar intracranial lesions as with AVP-D
• Health enthusiasts
• Compulsive water drinking
• Psychosis-intermittent hyponatremia polydipsia (PIP) syndrome
• Medication-induced: anticholinergics, phenothiazines

NA

Pregnancy-induced/gestational arginine vasopressin-related polyuria(/formerly known as gestational diabetes insipidus)
Increased enzymatic metabolism 

of circulating AVP
• Pregnancy—vasopressinase activity by placenta NA

NA: not applicable 
aAnterior pituitary adenoma very rarely causes AVP-D before pituitary surgery.
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Glucagon was also shown to stimulate copeptin with high 
diagnostic accuracy for the differentiation of AVP-D from 
PP in a pilot study, but larger studies are needed (26). 
Macimorelin does not increase copeptin levels (27).

Use of Water Deprivation Tests
The indirect water deprivation test was first described in 1970 
and remained the diagnostic gold standard for many decades 
(5). This test relies on the concept that the concentration of 
urine over a 16-hour period of fluid restriction is an indirect 
assessment of AVP secretion. In addition, the ability to con
centrate urine in response to the synthetic V2 receptor-specific 
AVP analogue, desmopressin, is assessed at the end of the test. 
In patients where the urinary osmolality stays below 300 
mOsm/kg during fluid deprivation but increases over 50% 
upon desmopressin administration the diagnosis of complete 
AVP-D can be made. Patients with a persistent low urinary 
osmolality and no response to desmopressin are diagnosed 
with AVP-R. Urinary concentration in patients with partial 
AVP and PP is expected to increase to levels above 300 
mOsm/kg, while remaining below 800 mOsm/kg, with further 
increases in osmolality seen upon desmopressin injection of 
more than 9% in patients with partial AVP-D and less than 
9% in patients with PP (5).

If reliable copeptin assays are not easily available, the water 
deprivation test remains a valid diagnostic test. A shorter ver
sion, that is, an overnight water deprivation test is often done 
as first diagnostic approach in clinical practice and is safe un
less there is a high index of suspicion for complete AVP-D (in 
which case any restriction of fluid intake should be super
vised). Published criteria to exclude AVP-D require morning 
fasted urine osmolality to be greater than 800 mOsm/kg. 
However, in practice, levels > 600 mOsm/kg generally ex
clude clinically significant AVP-D.

It is, however, important to be aware of the limitations in in
terpretation of the classically described test. First, the osmolality 
cutoffs described above were derived from a single study involv
ing only 36 patients with post hoc assessment that has never 
been prospectively validated (5, 28). Second, the test results 
can be misleading in PP patients with a reduced renal medullary 
concentration gradient or partial AVP-R patients with sensitive 
response to desmopressin administration. Accordingly, 2 pro
spective studies evaluating the diagnostic accuracy of the indir
ect water deprivation test found it to be only 70% to 77%, with 
especially low accuracy in the differentiation between partial 
AVP-D and PP patients (7, 28). Finally, a large multicenter inter
national study showed that two-thirds of the patients with PP 
who underwent a water deprivation test concentrated urine 
above 10% after desmopressin administration, leading to mis
classification (10).

Use of Therapeutic Trial in Certain Cases—Who, 
How, and What to Monitor
In view of past difficulties with performing and interpreting 
water deprivation tests, clinicians sometimes utilize a clinical 
trial of desmopressin to determine whether a patient has 
AVP-D. In some cases (eg, following neurosurgery of the sell
ar/suprasellar area, head trauma, or with diseases known to 
be associated with AVP-D, such as histiocytosis, sarcoidosis, 
germinomas, or other CNS etiologies), this is appropriate, 
since other etiologies of hypotonic polyuria are unlikely (as 
in our third case). However, with nontraumatic hypotonic 

polyuria in patients without known CNS disorders, this ap
proach is suboptimal. If a patient with PP is treated with des
mopressin and high levels of fluid intake continues, the 
resultant water retention can lead to dangerous hyponatremia. 
Conversely, if the polyuria does not decrease with desmopres
sin, this does not differentiate AVP-R from other forms of 
polyuria due to solute diuresis. Consequently, in such patients, 
confirmation of an accurate diagnosis via the tests described in 
this article is preferable before initiation of therapy with des
mopressin. If a therapeutic trial of desmopressin is initiated, 
determination of a positive result should be done via measure
ment of increases in urine osmolality over short periods of time 
(24-72 hours) rather than weeks. Although there are no formal 
criteria to define a positive response to a therapeutic trial of 
desmopressin, use of the same criteria for determination of a 
positive response to desmopressin at the end of an indirect 
water deprivation test, namely an increase in urine osmolality 
of > 50%, is reasonable. It should be remembered that because 
of a combination of wash-out of the medullary concentration 
gradient and decreased synthesis of aquaporin-2 water chan
nels in the absence of AVP stimulation of renal AVP V2 recep
tors, maximal urine concentration may not occur until after 
several days of desmopressin administration. If desmopressin 
is administered as a clinical trial in the absence of a confirmed 
diagnosis of AVP-D, it is essential that the serum sodium levels 
be checked within 2 to 5 days of the start of desmopressin to 
detect the development of hyponatremia before the patient be
comes neurologically symptomatic. In the clinical trials of low- 
dose desmopressin to treat nocturia, hyponatremia occurred in 
a small number of individuals as early as 5 to 7 days after ini
tiation of a single dose of desmopressin at night. Those at high
est risk of the development of hyponatremia are elderly 
individuals, because desmopressin is cleared by the kidneys 
and the age-related decrease in glomerular filtration rate re
sults in a longer half-life of desmopressin in older individuals, 
and females, likely because of increased expression of AVP V2 
receptor mRNA and protein in females because of the location 
of the AVP V2 receptor gene on the X-chromosome.

Problems, Approaches, and Solutions With 
Disorders of Thirst Sense
In normal physiology, thirst is stimulated in a linear fashion 
with increasing plasma osmolalities above 280 mOsm/kg 
(29).Patients with AVP-D and an intact thirst sense manage 
well when on desmopressin by drinking to thirst, usually 
maintaining their serum sodium the normal range. In some pa
tients with AVP-D, the thirst sense is not fully normal (dysdip
sic) or occasionally absent (adipsic), making water balance 
and maintenance of normonatremia more challenging. 
Disorders of thirst regulation are more likely with larger de
structive hypothalamic lesions and pathology (for example 
craniopharyngioma) that destroy the hypothalamic osmore
ceptors located in the anterior wall of the hypothalamus.

Assessing thirst is a crucial part of the overall assessment of the 
patient with hypotonic polyuria. This is most effectively done us
ing a visual analogue diagram with the patient rating their thirst 
on a 1 (least) to 10 (most) thirst scale. If thirst sense is not in the 
high range when plasma osmolality is elevated (for example at 
the end of a hypertonic saline infusion or if fasting plasma osmo
lality is elevated), the patient has dysregulated thirst. Knowledge 
of this is important, as greater levels of patient education are 
needed about the volume of fluid intake, allowing for 

The Journal of Clinical Endocrinology & Metabolism, 2024, Vol. 00, No. 0                                                                                                    7
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/advance-article/doi/10.1210/clinem

/dgae565/7734047 by U
niversity of Sheffield user on 09 January 2025



environmental factors such as heat and altitude. Such an ap
proach is exemplified by the patient with true adipsic AVP-D, 
which can be one of the most challenging of all conditions in clin
ical endocrinology to manage (30). In this situation, patients 
need to take a fixed dose of desmopressin and a fixed volume 
of water/fluid per day defined by their weight when plasma 
osmolality and sodium are normal. The patient then weighs 
themselves once or twice a day, and the fluid volume is adjusted 
over the ensuing 24 hours—increased or decreased by the same 
volume in liters as the weight change in kilograms. Regardless of 
weight maintenance, any change in neurocognitive function ne
cessitates measuring the serum sodium concentration to avoid 
both hyponatremia and hypernatremia. An alternative is fre
quent point-of-care testing for serum sodium concentration, 
where this is available and affordable.

Conclusions
The last decade has seen a remarkable growth in our understand
ing of disorders of vasopressin-related polyuria. As the cases pre
sented in this review clearly illustrate, we now have a more 
appropriate terminology for these disorders that more accurately 
reflects the underlying pathophysiology, but also better protects 
our patients from therapeutic misadventures by those who con
fuse these disorders with diabetes mellitus. However, these cases 
also illustrate that we now have the ability to more accurately 
diagnose among the various causes of hypotonic polyuria using 
newly developed assays for the C-terminal fragment of the AVP 
prohormone, copeptin. This should be no surprise to endocrinol
ogists, who have long been using a similar fragment of the insulin 
prohormone, C-peptide, as a surrogate marker of insulin secre
tion. As always, there remains more to be understood about 
the disorders causing AVP-D, AVP-R, and PP, as well as the 
most effective therapies for these disorders, but we are now on 
more solid ground to accomplish this based on the advances de
scribed in this practical review of how clinicians should ap
proach patients with suspected hypotonic polyuria. Perhaps 
most importantly, by embracing these new pathophysiologically 
descriptive and diagnostic concepts, our endocrinology trainees 
will be better equipped to diagnose and treat disorders of 
vasopressin-related polyuria than we were.
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