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Definition: Polyuria > 50ml/kg BW/24h
Polydipsia 

Nephrogenic
Diabetes insipidus

V2-R

Primary
Polydipsia (PP)

Central
Diabetes insipidus (DI)

Vasopressin 

Polyuria Polydipsia syndrome



Fenske and Allolio JCEM 2012

Etiologies of Polyuria Polydipsia syndrome

Differentiation important since
treatment differs
wrong treatment can have
dangerous complications



Differential diagnosis





Clinical signs and symptoms 

Central diabetes
insipidus

Primary 
polydipsia

Nephrogenic diabetes
insipidus

History History of head
trauma, history of 
pituitary surgery, 
history of brain
tumor, 
Family history of DI

History of 
psychiatric
disease, neurotic
personality

History of Lithium or other
drug therapies interfering
with urine concentration, 
presence of electrolyte
disorders

Symptoms Permanent Fluctuating / 
irregular

Permanent

Onset sudden gradual sudden

Drinking at night
and Nycturia

consistent less often consistent

Preference for
cold fluids

Yes No Yes

Best thirst-
quenching 
beverage

cold water unspecific cold water

Fenske, Allolio, JCEM 2012



Clinical signs and Symptoms – what’s new?

New England Journal of Medicine 2018

Differential diagnosis can not be based on clinical signs and
symptoms





Concept for differential diagnosis

„Indirect“ test (= gold standard): 
• Proof of insufficient AVP secretion or effect with 

insufficient renal concentration capacity at osmotic 
stimulation (i.e. thirsting)

• Examination of the renal response to exogenous 
AVP (Desmopressin (DDAVP))

Measurement of endogenous vasopressin secretion 
upon osmotic stimulation (thirsting) 
This is measured

1) indirectly as urinary concentration capacity
2) directly with measurement of plasma Vasopressin



Water deprivation test
Thirsting for 16 hours, starting at midnight



Interpretation of water deprivation test
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Miller et al., Ann Med 1970



• Diagnostic accuracy only 70%
• Diagnostic accuracy especially bad in primary polydispsia 

only 41% (Fenske et al, JCEM 2011)

• Long test duration, cumbersome for patients

Limitations of indirect water deprivation test

• Reduced concentration capacity in patients with chronic 
polydipsia (wash-out Phenomenon)

• Central DI: increased response to AVP (max. concentration 
capacity higher than expected) 

• Partial renal DI: can have partial response to AVP
→ overlap in test results



Direct measurement of AVP in polyuria 
polydipsia syndrome

Zerbe RL, et al, New England Journal  Medicine 1981 Zerbe et al., N Engl J Med 1981
Babey al., Nat. Rev. Endocrinol. 7, 701-714 (2011)

Nephrogenic DI

Primary Polydipsia

Central DI



AVP measurement - Difficulties

• AVP: short t 1/2 (Minutes), zt aggregation with thrombocytes 
• AVP RIA: 

- difficult, no good antibodies
- Aceton-extraction; 1 week incubation with antibody



Signal Vasopressin Neurophysin II Copeptin

What is Copeptin?

Copeptin
stable ex vivo



Advantages of copeptin

• Advantage of copeptin measurement: 
• Only little blood amount (50ul) needed
• Plasma and Serum possible
• Stable at room temperature for 7 days
• Results available within 1-2 hours

• AVP: short t 1/2 (Minutes), zt aggregation with thrombocytes 
• AVP RIA: 

- difficult, no good antibodies
- Aceton-extraction; 1 week incubation with antibody



Timper et al., J Clin Endocrinology and Metablism 2015
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Baseline Copeptin

Baseline Copeptin ≥21.4pmol/L 
100% sensitivity & specificity to 

differentiate nephrogenic DI from not 
nephrogenic DI
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Stimulated Copeptin

Stimulated Copeptin >4.9pmol/L 
94% sensitivity & 94% specificity to 

differentiate primary polydipsia from 
partial central DI

4.9 pmol/L

Copeptin in the DD of polyuria polydipsia 
syndrome



Aim of the study:
Comparison of diagnostic accuracy of copeptin after osmotic 
stimulation with 3% saline and the classical water deprivation test. 

Patients: 
156 patients with diabetes insipidus or primary polydipsia >16 yrs

Study centers: 
•5 in CH (Basel, Aarau, Luzern, Bern, St.Gallen)
•5 in D (Würzburg, Lübeck, Leipzig, Hamburg, München)
•1 in Brasil (Belo Horizonte)

First patient in / last patient out: July 2013 to June 2017

Primary endpoint: 
Superiority of copeptin measurement after hypertonic
saline infusion as compared to water deprivation test

CODDI Study: prospective validation of 
copeptin for differential diagnosis of DI
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BACKGROUND
The indirect water-deprivation test is the current reference standard for the diag-
nosis of diabetes insipidus. However, it is technically cumbersome to administer, 
and the results are often inaccurate. The current study compared the indirect 
water-deprivation test with direct detection of plasma copeptin, a precursor-
derived surrogate of arginine vasopressin.

METHODS
From 2013 to 2017, we recruited 156 patients with hypotonic polyuria at 11 med-
ical centers to undergo both water-deprivation and hypertonic saline infusion tests. 
In the latter test, plasma copeptin was measured when the plasma sodium level 
had increased to at least 150 mmol per liter after infusion of hypertonic saline. 
The primary outcome was the overall diagnostic accuracy of each test as compared 
with the final reference diagnosis, which was determined on the basis of medical 
history, test results, and treatment response, with copeptin levels masked.

RESULTS
A total of 144 patients underwent both tests. The final diagnosis was primary 
polydipsia in 82 patients (57%), central diabetes insipidus in 59 (41%), and nephro-
genic diabetes insipidus in 3 (2%). Overall, among the 141 patients included in the 
analysis, the indirect water-deprivation test determined the correct diagnosis in 108 
patients (diagnostic accuracy, 76.6%; 95% confidence interval [CI], 68.9 to 83.2), 
and the hypertonic saline infusion test (with a copeptin cutoff level of >4.9 pmol 
per liter) determined the correct diagnosis in 136 patients (96.5%; 95% CI, 92.1 to 
98.6; P<0.001). The indirect water-deprivation test correctly distinguished primary 
polydipsia from partial central diabetes insipidus in 77 of 105 patients (73.3%; 
95% CI, 63.9 to 81.2), and the hypertonic saline infusion test distinguished be-
tween the two conditions in 99 of 104 patients (95.2%; 95% CI, 89.4 to 98.1; ad-
justed P<0.001). One serious adverse event (desmopressin-induced hyponatremia 
that resulted in hospitalization) occurred during the water-deprivation test.

CONCLUSIONS
The direct measurement of hypertonic saline–stimulated plasma copeptin had greater 
diagnostic accuracy than the water-deprivation test in patients with hypotonic 
polyuria. (Funded by the Swiss National Foundation and others; ClinicalTrials.gov 
number, NCT01940614.)
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CODDI study: Results

Diagnostic accuracy:
•Hypertonic saline + Copeptin: 96.5% (95% CI: 92.1, 98.6)
•Classical water deprivation test: 76.6% (95% CI: 68.9, 83.2)(p<0.001)

Fenske, Refardt et al. NEJM 2018



Fenske, Refardt et al. NEJM 2018

CODDI study: Results

ROC AUC:
•Hypertonic saline + Copeptin, Cut-off 4.9pmol/L (predefined): 93.2% Sens, 100% Spec, AUC 0.97 
•Hypertonic saline + Copeptin, Cut-off 6.5pmoL/L (posthoc): 94.9% Sens, 100% Spec, AUC 0.98
•Classical water deprivation test: 86.4% Sens, 69.5% Spec, AUC 0.65



Fenske, Refardt et al. NEJM 2018

CODDI study: overnight water deprivation

Predefined Cut-off <2.6pmol/L: Diagnostic accuracy 78.4%, AUC 0.83 (95%CI 0.75, 0.91)

Figure S3 A Plasma Copeptin Levels after Overnight Fluid Deprivation 
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A Reliable Diagnostic Test for Hypotonic Polyuria

Clifford J. Rosen, M.D., and Julie R. Ingelfinger, M.D.

Pinpointing the cause of hypotonic polyuria in a 
patient poses a diagnostic and therapeutic chal-
lenge, particularly in distinguishing primary poly-
dipsia (either psychogenic or nonpsychogenic) 
from partial pituitary insufficiency due to injury 
or neoplasm. Diabetes insipidus is one cause of 
hypotonic polyuria and previously was classified 
as either central or nephrogenic, on the basis of 
a water-deprivation test and the administration 
of vasopressin.1 But in 1970, Miller et al. noted 
that some patients who underwent water depri-
vation had a urine osmolality greater than their 
plasma osmolality and that the urine osmolality 
further increased, albeit modestly, after the injec-
tion of vasopressin — a state they called “partial 
antidiuretic hormone deficiency,” as diagnosed 
by the indirect water-deprivation test.2 In 1973, 
Robertson et al. developed a radioimmunoassay 
for vasopressin to enhance the sensitivity of the 
water-deprivation test, but given the short half-
life of circulating vasopressin and the fact that it 
binds to platelets, the assay was found to be 
difficult to interpret clinically.3 The indirect water-
deprivation test remained the only accepted 
method for differentiating polyuric states, despite 
a diagnostic accuracy of only 70%.

Over the past three decades, clinical recogni-
tion of polyuric disorders has increased, in part 
because of an increasing number of neurosurgi-
cal procedures that cause inadvertent injury to the 
pituitary and hypothalamus and because of dam-
age from chemotherapy or radiation. Further-
more, polydipsia is increasingly recognized in 
patients with psychiatric disorders (e.g., in pa-
tients with psychogenic polydipsia or in patients 
taking certain psychotropic medications). There-
fore, there is a continued need to refine the di-
agnostic approach to polyuria.

During its synthesis and axonal transport 
from the hypothalamus, arginine vasopressin is 
proteolytically cleaved from pre-pro-vasopressin, 
as are copeptin (a 39–amino acid C-terminal 
glycoprotein moiety) and neurophysin-2. The 
copeptin fragment has no known biologic func-
tion but has a much longer half-life in the circu-
lation, which makes it a relatively stable surro-

gate marker of vasopressin secretion. Once the 
origin and physiology of copeptin were under-
stood, assay development progressed rapidly, and 
research showed that copeptin measurement 
compared favorably with the measurement of 
arginine vasopressin. A prospective study of dia-
betes insipidus and copeptin levels during water 
deprivation, published in 2015, showed that a 
single baseline measurement of serum copeptin 
level greater than 21.4 pmol per liter could dif-
ferentiate nephrogenic diabetes insipidus from 
other polyuric states with nearly 100% sensitiv-
ity and specificity.4 However, a more challenging 
issue persisted — concern about the accuracy of 
stimulation tests that included copeptin mea-
surements in distinguishing primary polydipsia 
from partial central diabetes insipidus.

In this issue of the Journal, Fenske et al. report 
the results of a multicenter, prospective trial that 
assessed whether hypertonic saline–stimulated 
copeptin measurement was superior to the stan-
dard indirect water-deprivation test.5 The latter 
test involves a 17-hour fast, the collection of mul-
tiple plasma and urine samples, and the adminis-
tration of desmopressin, whereas the former in-
volves a single infusion of 3% saline over 3 hours.5 
The study recruited 156 patients from 11 institu-
tions to undergo both water-deprivation and hy-
pertonic saline infusion tests. Of the 144 patients 
who received a final diagnosis, 57% were found 
to have primary polydipsia, 41% central diabetes 
insipidus, and 2% nephrogenic diabetes insipidus. 
The overall diagnostic accuracy of the indirect 
water-deprivation test was 76.6%, as compared 
with 96.5% for hypertonic saline–stimulated co-
peptin measurement (for which a prespecified 
cutoff of more than 4.9 pmol per liter was used). 
The hypertonic saline infusion test correctly dis-
tinguished primary polydipsia from partial cen-
tral diabetes insipidus in 95.2% of the patients, 
and the indirect water-deprivation test distin-
guished between the two conditions in 73.3%. 
The hypertonic saline infusion test had 93% 
sensitivity and 100% specificity, with a receiver-
operating-characteristic area under the curve for 
this discrimination of 0.97. An important find-
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ing for clinicians to note is that all the patients 
whose diagnosis was misclassified according to 
the indirect water-deprivation test received the 
correct diagnosis according to the results of the 
saline-stimulated copeptin test with the prespeci-
fied cutoff. In contrast, measurement of copeptin 
levels, serum sodium levels, or urine-to-plasma 
osmolality ratios after water deprivation did not 
improve the accuracy of the indirect water-depri-
vation test.

Although these findings provide strong evi-
dence for the clinical utility of the saline-stim-
ulated copeptin test (with its shorter test times 
and greater patient adherence), several caveats 
should be noted. First, the addition of copeptin 
measurement to the water-deprivation test was 
not superior to the time-honored indirect water-
deprivation test. Second, hypertonic saline in-
fusions were consistently associated with more 
adverse events and higher serum sodium levels 
than water deprivation alone. Thus, saline infu-
sions to stimulate copeptin could be problem-
atic; for example, they could induce congestive 

heart failure in high-risk patients. These caveats 
notwithstanding, copeptin measurement after hy-
pertonic saline infusion will probably now replace 
the water-deprivation test to precisely define the 
cause of polyuria.

Disclosure forms provided by the authors are available with 
the full text of this editorial at NEJM.org.

From the Tufts University School of Medicine, Boston, and the 
Maine Medical Center Research Institute, Scarborough (C.J.R.). 
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Stimulated 

copeptin

˂4.9pmol/L

Complete or 

partial DI

Stimulated 

copeptin 

>4.9pmol/L

Primary 

polydipsia

Stimulated Copeptin (hypertonic saline)

[until Plasma sodium >147-150mmol/L])

Nephrogenic DI

Baseline Copeptin

Copeptin

≥21.4 pmol/L

(without prior thirsting)

Copeptin

<21.4 pmol/L

New algorithm for Differential diagnosis of DI
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Summary
Differential diagnosis of Diabetes insipidus: 
- Clinical symptoms do not discriminate
- MRI: Absence of bright spot not specific

- New algorithm for differential diagnosis: 
Baseline copeptin (without prior thirsting) >21pmol/L: 
Nephrogenic DI
Baseline copeptin <21pmol/L: 
Hypertonic saline stimulated copeptin: 
- >4.9pmol/L: Primary polydipsia
- <4.9pmol/L: complete or partial central DI




