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Polyuria Polydipsia syndrome

Central

Definition: Polyuria > 50mi/kg BW/24h

Vasopressin

Polydipsia
Nephrogenic Primary
Diabetes insipidus Polydipsia (PP)
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Etiologies of Polyuria Polydipsia syndrome

TABLE 1. Etiologies to consider in the differential
diagnosis of central diabetes insipidus

Central diabetes insipidus
Acquire

Trauma (surgery, deceleration injury)

Vascular (cerebral hemorrhage, infarctionanterior
communicating artery aneurysm or ligation,
intrahypothalamic hemorrhage)

Neoplastic (craniopharyngioma, meningioma, germinoma,
pituitary tumor or metastases)

Granulomatous (histiocytosis, sarcoidosis)

Infectious (meningitis, encephalitis)

Inflammatory/autoimmune (lymphocytic
infundibuloneurohypophysitis)

Drug/toxin-induced (ethanol, diphenylhydantoin, snake
venom)

Other disorders (hydrocephalus, ventricular/suprasellar
cyst, trauma, degenerative diseases)

Idiopathic

Congenital
Congenital malformations
Autosomal dominant: AVP-neurophysin gene mutations
Autosomal recessive (21, 22): Wolfram Syndrome
(DIDMOAD) (23)
X-linked recessive (24)
Idiopathic

Nephrogenic diabetes insipidus

Drug-induced (demeclocycline, lithium, cisplatin,
methoxyflurane, etc.)

Hypercalcemia, hypokalemia

Infiltrating lesions (sarcoidosis, amyloidosis, multiple
myeloma, Sjoergen’s disease)

Vascular (sickle cell disease)

Congenital

X-linked recessive (OMIM 304800): AVP V, receptor gene
mutations

Autosomal recessive: AQP2 water channel gene mutations

Primary polydipsia

Dipsogenic (downward resetting of thirst threshold)

Increased AVP metabolism

Differentiation important since
treatment differs

wrong treatment can have
dangerous complications

Fenske and Allolio JCEM 2012



Differential diagnosis



Diagnostic Approach to Differential Diagnosis of Diabetes Insipidus

(A) Patient, familiy history and clinical data




Clinical signs and symptoms

Central diabetes Primary Nephrogenic diabetes
insipidus polydipsia 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

Fenske, Allolio, JCEM 2012



Clinical signs and Symptoms — what’s new?

Primary Polydipsia

Central Diabetes Insipidus (N=82)
Complete Diabetes Insipidus  Partial Diabetes Insipidus All Central Diabetes Insipidus
(N=36) (N=23) (N=59)

Drinking at night — no. (%) 33 (92) 21 (91) 54 (92) 51 (62)

Median liters consumed/night (IQR) 1.5 (1.o-2.0) 1.0 {0.5-2.0) 1.3 {0.9-2.0) 0.2 (0-0.6)
Preference for cold drinks — no. (%) 26 (72) 18 (73) 44 (75) 49 (60)
Preference for water — no.ftotal no. (%) 32/34 (94) 19/22 (86) 51/56 (91) 73/80 (91)
Sudden onset of symptoms — no. (%) 22 (61) 15 (65) 37 (B3) 18 (22}
Persistent symptoms — no. (%) 34 (94) 22 (96) 56 (95) 64 (78)

=) Differential diagnosis can not be based on clinical signs and
symptoms

New England Journal of Medicine 2018



Diagnostic Approach to Differential Diagnosis of Diabetes Insipidus

(A) Patient, familiy history and clinical data

Water Deprivation Test
(after hypotonic polyuria has been confirmed)




Concept for differential diagnosis

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

»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))



Water deprivation test

Thirsting for 16 hours, starting at midnight

Parameter Time

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15.00 16:00 17:00
Clinic

Blood pressure

(mmHg)

Heart rate (1/min)

Weight (kg)
Blood sampling

Osmolality
(mosm/kg)

Sodium (mmol/L)

Urea (mmol/L)

Injection of 2ug Desmopressin iv

Glucose (mmol/L)

Urine sampling
Volume (ml)

Osmolality
(mosm/kg H,0)



Interpretation of water deprivation test

Urine Osmol. 2 ug dDAVP

(mOsm/kg)

1100 -
1000 -
900 -
800 T
700 -
600 T
500 T
400 A
300 -
200 A

100 ',./)-f.:.- ———————

Partial CDI (> 9%)

— EmE S S o

8.00 16.00 Thirsting (h)

Miller et al., Ann Med 1970



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

« Diagnostic accuracy only 70%

* Diagnostic accuracy especially bad in primary polydispsia
only 41% (Fenske et al, JCEM 2011)

* Long test duration, cumbersome for patients



Direct measurement of AVP in polyuria
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AVP measurement - Difficulties

AVP: short t ,,, (Minutes), zt aggregation with thrombocytes
AVP RIA:

- difficult, no good antibodies

- Aceton-extraction; 1 week incubation with antibody



What is Copeptin?

Signal Vasopressin Neurophysin I Copeptin

\ Signal Peptidase
Vasopressin Neurophysin Il Copeptin
Prohormone
Convertase
Vasopressin Neurophysin Il Copeptin

Copeptin
stable ex vivo



Advantages of copeptin

AVP: short t ,,, (Minutes), zt aggregation with thrombocytes
AVP RIA:

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

Only little blood amount (50ul) needed
Plasma and Serum possible

Stable at room temperature for 7 days
Results available within 1-2 hours



Copeptin in the DD of polyuria polydipsia
syndrome

5. DBaseline Copeptin
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Stimulated Copeptin >4.9pmol/L
94% sensitivity & 94% specificity to
differentiate primary polydipsia from
partial central DI

Timper et al., J Clin Endocrinology and Metablism 2015



CODDI Study: prospective validation of
copeptin for differential diagnosis of DI

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)

*5in D (Wulrzburg, Lubeck, Leipzig, Hamburg, Minchen)
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



ORIGINAL ARTICLE

A Copeptin-Based Approach
in the Diagnosis of Diabetes Insipidus

W. Fenske, J. Refardt, I. Chifu, I. Schnyder, B. Winzeler, J. Drummond,
A. Ribeiro-Oliveira, Jr., T. Drescher, S. Bilz, D.R. Vogt, U. Malzahn, M. Kroiss,
E. Christ, C. Henzen, S. Fischli, A. Ténjes, B. Mueller, J. Schopohl,
J. Flitsch, G. Brabant, M. Fassnacht, and M. Christ-Crain

published 2nd of August 2018



CODDI study: Results

A Central Diabetes Insipidus vs. Primary Polydipsia
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Hypertonic Saline Water-Deprivation
Infusion Test Test

Figure 1. Stimulated Copeptin Levels in Response to the Hypertonic Saline Infusion and Water-Deprivation Tests in Patients with Hypotonic
Polyuria.

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



CODDI study: Results

i R ] B Indirect Water-Deprivation Test
A Hypertonic Saline Infusion Test
100
].DO__: ~_
50 90
80 80
704 70
£ 6o £ 60-
= oy
= 504 2 204
-G 'E
£ i £ 404
g 40 X
30 304
20 204
10+ 10
0 ' I ' ' I ' ' I ' I (U T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
100-Specificity (%) 100-Specificity (%)
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

Figure S3 A Plasma Copeptin Levels after Overnight Fluid Deprivation
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Copeptin after overnight water deprivation (pmol/l)
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Complete central DI Partial central DI Primary polydipsia
Final differential diagnosis

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

Fenske, Refardt et al. NEJM 2018



EDITORIALS

A Reliable Diagnostic Test for Hypotonic Polyuria

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

copeptin measurement after hy-
pertonic saline infusion will probably now replace
the water-deprivation test to precisely define the
cause of polyuria.



New algorithm for Differential diagnosis of DI

Stimulated Copeptin (hypertonic saline)
[until Plasma sodium >147-150mmol/L])

Baseline Copeptin ‘
Copeptin Co i
peptin
<21.4 pmol/L >21.4 pmol/L
l (without prior thirsting)

I

I

Complete or

partial DI

Stimulated Stimulated
copeptin copeptin
<4.9pmol/L >4.9pmol/L

Primary
polydipsia

A 4

Nephrogenic DI

Timper et al., JCEM 2015
Christ-Crain, Nat Rev Endocrinol 2016
Fenske, Refardt, NEJM 2018




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
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