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Bi ographi c8@he&kelP.chRdd- J
Family History

My full name is Janos Pét&ado. | was born in Budapest, Hungary, May 25,
1930. My parents were living in the same flat, where | have spent my entire life since age
10. They weregorinters and owners of a printing office, which was located on the ground
floor of a building(Hajés steet 25, Budapest), on the first floor of which is our present
home. The press wa®nfiscated twice: for the first time in 1944, when Hungary was
invaded by the Nazi army atide second time, in 1949 by the SoMeicked Communist
regime. This last timeéhe pressewere destroyed. After the 1956 revolution, my parents
left Hungary for Canada. They lived iroronto for more than 25 years until they died

there.
Degrees

| attended (1944.954) and graduated from the Medical School of Budapest and
became apeialist in Internal Medicine (1958), Endocrinology (1980) and Nephrology
(1984). Isuccessfully passed the examination of a course for Nuclear Medicine in 1966.
(At that time,Nuclear Medicine was not yet a Specialty, not even a Subspecialty, in

Hungary).
Employment

My clinical work began in 1954, in the Second Medical Department of the Janos
Hospital,Budapest. | worked in this hospital for the next 26 and half years. From 1958 to
1980, Iworked in the Isotopic Department and Metabolic Unit. This inclddadyears
in the Outpatient Clinic for Diabetic Patients (19%862) and a tw«year absence on
leave in TheNetherlands (1944978). My clinical work was continued after thénos
Hospital yearg19541980) in the Department of Hypertension and Nephrolagye
Uzsoki Hospital(19801997). Here, as the leader of the department, | founded the
Dialysis Unit of the UzsokHospital and a Nephrological Laboratory for clinical and
investigational purposes. Aftegtiring from hospital clinical work in 1997, Ebame and
am still a consultant in internal medicine, nephrology and endocrinology in a private

medical institute, Viranyos Outpatie@tinic.



Invention of Furosemide (Diuretic) Renography

A'by-pr oduct 6 of our Hungarian nucl ear r en
131 and 125%vas the invention of thesmal | ed " frusemide renograp
published inDecember 1967 in The Lancet and after then the extended studies, in 1968

in NudearMedicine.
Visiting Employment History

| was invited by Professor Evert Dorhout Mees as a visiting scientist to the Clinic
of Hypertension and Nephrology of the Medical University of Utrecht, The Netherlands.
The purpose of this invitation was to inttace in Utrecht those renal clearance studies
for measuring glomerular filtration rate, as well as renal plasma flow, which was used by
us in Budapest. | was paid by the Nierstichting Netherland. The Hypertension and
NephrologyClinic was working on nucleamethodologies in a very good cooperation
with the NucleaDepartment of Utrecht. The leader of this department, at that time, was
Prof. Ephraim and histaff assistant was Dr. Oei HJ, a physician of Indonesian Chinese
background, trained iWienna. Durirg our 2year stay in The Netherlands, we became
good friends with Dr. Oei anlais family; we (my wife accompanied me to Holland) met
several times in our homealthough the scope of our nuclear studies in Utrecht was
strictly confined on the ren&otopic clearances, | also discussed several times with Dr.
Oei my favorite topic ofurosemide (diuretic) renography. | gave reprints to Dr. Oei
dedicated to him concerninfurosemide (diuretic) renography, appearing in the
aforementioned Lancet and Nuclédedicine papers. | was glad to learn several years
later, when | had already left Theetherlands to Hungary that my friend Dr. Oei, working
in collaboration with Prof. EDorhout Mees and Geyskes GG discovered the "captopril
renographycnogrdpfaptvapr ialnot her-induceaddsmoitiam of a
of the normal renogram usddr the diagnosis for renovascular hypertension as was
"diuretic r e n oofpstriactivér yreteralu diserders, i as well as other

nephrological conditions.

Editorial Activity

| was Chief Editor of thedungarian Journal of Hypertension and Nephrology
from 1999 to2012.



PhD, habilitation, Private Docent, Doctor of Science

For my scientific and clinical research work, | was awarded a PhD, in 1980,
habilitation, in 1995 in the Semmelweis University, Budapest, the title of "private
docenfo i n 19 Sdmnmelweis Urtivargty Budapest, and Doctor of Science, in

1999, in the Hungarian ScientifRcademy.
Titles of my dissertations

PhD: Clinicopharmacological Studies of Renal Pharmacons, Antidiuretics and
Diuretics. Endocrine and Renal Pharmacology (1988abilitation: Renal Tubular
Acidosis and itsComplication of Nephrogenic Diabetes Insipidus (19¥¥)ctor of
Science Interaction ofMedicines and Diseases in the Regulation of Serum Potassium.
Hyperkalemias (1999).

Awards

In Hungary, for my scientific and clinical research work | was awarded the
Semmelweis$rize (1972), Markusovszky Prize (Hungarian Medical Weekly, 1989),
Batthany StttmanLaszl6 Prize (Governmental Award, 1996), Koranyi Sandor Prize
(Award of The HungariarNephrological Society, 2004), Life Achievement Award
(award of the Medical University @ebrecen, 2005), Paul Gomori Prize (award of The
Hungarian Hypertension kEadation,2005), Life Achievement Award of the Hungarian
Foundation of Nephrology (2007), Toérokszter Prize (award of The Hungarian
Hypertension Society, 2012,). | was selected forAtoeim of Portraits of the Pioneers,
European Nephrological Archivesiigished by th&aDTA-ERA at the Congress of the
EDTA-ERA, on 24thMay 2012, Paris, France.

Memberships

European Renal Association (ERZDTA), European Society of Hypertension
(past), New York Scientific Academy (past), Hungarian Nephrologicabciety,
Hungarian Hypertensiofociety, Hungarian Society of Internal Medicine, Hungarian
Society of Radiology, HungariaBociety of Diabetes. President of tBemmitteefor
History of The Hungarian Nephrologicabciety.



Scientometria. Number of publicains (405), Book and book chapters,

Hirsch factor (30), citedness, (1929) impact factor

Number of publications: 355 printed articles on Hungarian, English and German
from 1954 ta2013. Since then:2; altogether 357 (Compiled on the basis of the Library of
the Hungariarscientific Academie). Can be found in the INHN webpdg@r of i | es 0) .

Book

Haris Agnes, Radd JanosA viz és elektrolithaztartds zavarai:

Differencialdiagnosztika éerapia.Budapest: Medicina Konyvkiado, 2008. 395 pages
Book chapters {7) in 3 Manuals.

Thirteen book chapters In: Kakuk Gyorgy (szerk.) Klinikai nephrologia: a vese
belgyogyaszati betegségeinek kézikonyve . 1201 p. Budapest: Medicina Kényvkiado,
2004.0ne book chapter In: Rosivall L , Kiss | (eds.) Nephrologieméités klinikum,
dialysis, transplantatio . Budapest: Medintel Kiadd, 2003. p. 373. Three book chapters In:
Kornya Laszl6 (szerk.) Betegség enciklopédid | 2564 p. Budapest: Springer
Tudomanyos Kiado, 2002. p. 691

Impact factor exact sum of cumulate impact factor: 75,849 (collected in the years
after1974); estimated sum of the total cumulative impact factor: (estimated from the
years froml954 to 1974 on the basis of the 1998 impact factor values): 182,385

Titles of my 10 most importararticles.

RadoJP, Banos C, Tako J
Frusemide renography.

LANCET 2: pp. 14191420. (1967)

RadoJP, Banos C, Tako J
Radioisotope renography during furosemide (lasix) diuresis.

NuklearmediziANuclearMedicine7: pp. 212221. (1968)

Herman E RaddéJ



Fatal hyperkalemic paralysis associated with spironalactone. Observation on a patient

with severe renal disease and refractory edema.

Archivesof Neurology(Chicago) 15: pp. /7. (1966)

RadoJP
Water intoxication during carbamazepine treatment

British MedicalJournal(BMJ) 3: p. 479. (1973)

RadoJP
Falsely high fluorescence in cortisol determinations due to the carbamazepine.

HormoneandMetabolicResearcltb: p. 63.. (1973)

RaddJP , Borbely L
Enhancementf polyuria by glibenclamide in diabetessipidus.

Lancet2: p. 216.. (1971)

RadoJP

Combination of carbamazepine and chlorpropamide in the treatment of "hyporesponder"
pituitary diabetes insipidus.

Journalof Clinical EndocrinologyandMetabolism38: pp. 17.(1974)

RadéJP , Szende L , Marogi

Influence of glyburide on the antidiuretic response induced-tigamine8-D-arginine

vasopressin (DDAVP) in patients with pituitary diabetes insipidus.

MetabolismClinical andExperimental3: pp. 10571063. (1974)

RaddJP , Tako J, Geder LJeney E
HerpesZosterHouseEpidemicin Steroid-TreatedPatients A Clinical andViral Study.
Archivesof InternalMedicine( Chicago) 116: pp. 32935. (1965)

RadoJP
Response to vasopressin analogues in diabetes insipidus

New EnglandJournalof Medicine295: p. 393. (1976)



March 17, 2016

Janos Rado: My 64year (19542018) life product
Supplement to My Biographic Sketch

(Number in brackets below: publication list numbers
Underlined: indicates connection with neuropsychopharmacology)

Most important achievement:

l nvention of AFurosemide renographyo (41,

1.Renal pharmacology

Hyperkalemic paralysis associated with spironolactone therapy (34, 60, 240)

Increase of sodium reabsorption in the distal tubule in response to furosemide (67)
Furosemide induced antidiuresis in diabetes insipidus (47)

Chlorpropamide antidiuresis in diabetes insipidus (69, 84, 93, 94)

Paradoxical increase of the renal concentrating operation in response to furosemide
during infusion of hypertonic salt in man; description of the technic ofnivaute
clearance periods 4}

The effect of diazoxide and chlorpropamide on renal functions in man (114)

Doseeffect relationships in SIADH induced by clofibrate and carbamazepine (135)
Opposite effects of antikaluretic and antiprostaglandomapounds in Bartter syndrome
(168)

Pharmacological investigation of dDAVP in diabetes insipidus: description of three
different peak effects, relationships between the dose and duration of action,
interindividual differences, and change in the metaboti$ dDAVP in response to the
prolonged treatment itself as well as coadministration of medicines having enzyminducer
capabilities. (138, 139, 147, 148, 150, 155, 163, 166,167)

Decrease in the venous blood pressure and venomotor tone in response tari@lmerc
diuretic in cardiac insufficiency (5,13)

Effect of aldosterone and spironolactone on the renal tubules in Cushing syndrome
associated with polyuria (29)

Site of effect of furosemide in man (43,45,47,48,57,65,67,72,74,81,83,85,96)

Mechanism of thiazie antidiuresis (31)



Mechanism of the chlorothiazide antidiuresis in diabetes insipidus anthqgeyac
polydipsia (36)

Patterns of potassium wasting in response to stepwise combinations of diuretics (286,
291)

Diuretic and antidiuretic effects of furaséle before and after Pitresssin (89)
Furosemide and thiazide potentiation because of differing site of effects (72)

Use of furosemide for the evaluation of the concentrating mechanism (61, 64)
Extreme antidiuresis in response to the combination of@tdpamide with angiotensine
(70,77, 90)

Effects of Ethacrynic acid on the specific renal functions (85,86)

Drug-rinduced antidiuresis in partial nephrogenic diabetes insipidus (249,INHN list, 2.)
Comparison of the diuretic effect of Azosemide and Fura$ei(191,192)

Renal effects of angiotensine in man (296,304)

TTKG (transtubular potassium gradient) (293,294)

2.Nephrology

Hipertonology Combined administration of Furosemide wash pyelography and

furosemide radioisotope renography for the diagrafsienovascular hypertension (101)

Furosemidebicarbonate therapy in hyperkalemia and coma associated with renal tubular

acidosis in refractory edema (104,106)
Acute effects of high dose furosemide in chronic renal insuffiency (115)

Change of the antikaluretresponse in response to potassium sparing diuretics (91, 142,
144, 146, 149)

Hyperkalemia unresponsive to massive doses of aldosterone in chronic interstitial
nephritis (153, 154)

Free water excretion in hypoaldosteronemic renal insufficiency (196)

AEaxggerated natriuresiso during intravenous
hypertonics and healthy people (178)

AOut patient hyperkal aemiad syndrome in hype

Extreme juxtaglomerular hyperplasiain renovascularhgpers i on associ ated w

al dosteroni smo (25)

Salt |l oading fiin renal aldosteronismo befor
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Effect of alphamethyldopa, guanethidine and bethanidine on isetepegraphy (68)
Different effects of frusemide administered dgrimypertonic saline infusion in healthy

subjects and hypertensive patients (83)
Cephamandol induced acute renal insufficiency (232,233)

Anticonvulsive osteomalacia in sclerosis tuberosa associated with renal tubular acidosis
(258)

3.Endocrinologyclinical chemistry

Falsely high fluorescence in cortisol determinations due to the carbamazepine (116)

Use of a simple fluorometric #dydroxycorticosteroids assay in the assessment of

spironolactonanetabolite level in plasma and urine (120)

Use of a simpldluorometric 1thydroxycorticosteroids assay for the investigation of
interference induced by psychotropic drugs,triamtere, bencyclane, beta blocking agents
(121, 122, 141, 152, 164)

Effect of dDAVP on plasma cortisol level (145)

Increase of plasma posas um | ev el I n response tot he
hyperkalemiao (160, 161)

Glucose induced paradoxical hyperkalemia (183,185, 186,187,208]120219, 220,
225,227231)

Doseeffect relationship of the ACTHke effect of the peptide extracted frothe

tumorous tissue of a patient suffering from ectopic Cushing syndrome(175)
Cushing's Syndrome Associated With Chromophobe Adenoma Of The Hypophysis (30)
Effect of adrenocortical hormones on thromboplastin generation in hemophilia B (38)

Successful exaction of complicated cataract during steroid treatment in a patient
suffering from haemophilia B. (24,26)

Adrenocortical insufficiency in spite of high corticosteroid excretion in a patient with
thyrotoxicosis (63)

dDAVP Concentrating Test (166)

Diuretic effect of glibenclamide (95, 102)

Water intoxication induced by carbamazepine (14/AHN 1)

Combination of chlorpropamide and carbamaze

diabetes insipidus (127)
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Interaction (antagonism) between dDAVP atilenclamide (129)

Herpes zoster fAhouse epidemico developing
clinical and Viral Study (28, 32,363)

Use of modern antidiuretic agents in the treatment of permanent lithium induced
nephrogenic diabetes insipidus diinistration of excessive doses ofdesmopressin
resulted in clinically relevant antidiuresis, enhanced by indomethacine and abolished by
calcitonine) (INHN 2.)

Clinical use of faddi tive antidiuresiso wi
lysin-vasopressine, desmopressine, carbamazepine, clofibrate andchlorpropamide (98,
103,111, 112,118,119,123,127,135)

Antidiuresis  induced by vasopressine, lysasopressine, desmopressine,
carbamazepine, clofibrate and chlorpropamide can be abolished bynthisticition of
glibenclamide (124, 125, 126,128, 129,132, 136)

Decrease of the antidiuresis during lelegm treatment with carbamazepine due to
enzyme induction (143, 147,157)

Simultaneous occurrence of diabetes insipidus and ascites due to livesisi(&16)
Hannsyndrome (234)

Simultaneous occurrence of hyperkalemia due to aldosterone suppression and

hyperfunctioning parathyroid adenoma (197)

Hypophosphatemic metabolic osteomalacia (261, 278, 284,285,295)

Clinical and laboratory effects of clogminol (169)

Effect of dDAVP on the plazma renin activity in man (171)

Effect of dDAVP and indomethacine in Bart®mdrome (167)

Effect of the humane and standard ACTH on the urinary excretion of cortisol (180)

Calcitonine abolishes the effect of despressine (INHN 2)

4.Diabetology

Paradoxical increase of peripheral glucose utilization in a patient with insulinoma treated

with prednisolone (35)
Paradoxical effects of prednisone on glucose metabolism in cirrhosis of the liver (44)

Effect of chlopropamide in diabetes insipidus asdediavith diabetes mellitus (93, 94)
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Congenital familiar nephrogenic diabetes insipidus associated with diabetes mellitus
(352)

Glucose induced paradoxical hyperkalemia (183,185, 186,187,208]120219, 220,
225,227231)

5. Hematology

Polycythemia vera turning into myelofibrosis in an individual with Peldieet anomaly

of the leukocytes; lack of decreased tolerance of the PH leukocytes toward radiotherapy.
(16)

Mononucleosis infectiosa (One hundred and twenty eight cases from thestntent of
hematology between 1930 and 1952) (1)

6.Cardiology

Interventricular perforation of the septum in myocardial infarction (the first two case in
Hungary) (12)

Congenital septal defect associated with myocardial infarction in old age (8)
Rado, Anos (Nephreendokrin pharmak)

1954

1. Devenyi PRaddJ
Mononucleosis infectiosa
Orvosi Hetila®5: pp. 464469. (1954)

1955

2. Fodor I, Kincsesy ARad6J
[Diagnosis and pathology of perforated interventricular septum; intravital
observation of two cases.]
Orvosi Hetila@6: pp. 12931300. (1955)

3. RaddJ
[A case of WaterhousEriedrichsen syndrome of pneumococcal origin in old
age.]
Orvosi Hetila@®6: pp. 12841287. (1955)
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1956

. Fodor I, Blumenfeld GRadoJ

[ACTH therapy and its theoretical bases in novieftactor cardiac edema.]
Orvosi Hetila@7: pp. 349353. (1956)

. Gonda ERadoJ

[Venomotor tonus in circulatory diseases.]

Orvosi Hetila®7: pp. 205210. (1956)

. Hammer SRaddJ

[PelgerHuet anomaly of leukocytes.]

Orvosi Hetila@7: pp. 298301. (1956

1957

. RaddJ, Blumenfeld G, Barath F, Szirom |

[ACTH therapy in cardiac edema refractory to novurit. Il. Role of tubular factors
in hypochloruria and mercury resistance.]

Orvosi Hetila@8: pp. 408413. (1957)

. RaddJ, Abraham K, Eszeki J

[Combination of congenital interventricular septal defect and of a cardiac infarct
in old age.]

Zeitschriftfur die GesamtdnnereMedizinundihrE Grenzgebietd 2: pp. 1120
1123. (1957)

. RaddJ, Abraham K, Eszeki J

[Simultaneous occurrence of congengaptal defect and cardiac infarct in old
age.]

Orvosi Hetila®8: pp. 10791081. (1957)

10.RaddJ, Frank M, Fenyes |

[Kidney function in diabetic coma.]
Orvosi Hetilaf@8: pp. 656653. (1957)

1958

11.RaddJ, Blumenfeld G

ACTH treatment for novurtesistant cardiac edema; the role of tubular factors in

hypochloruria and mercumesistance.



14

ACTA MedicaScandinavicdl60: pp. 1523. (1958)
12.RaddJ, Kincsessy A, Fodor |
[Clinical and pathological problems of the intraventricular septum perforation in
the light of the literature and our own cases.]
Zeitschriftfur die GesamtdnnereMEdizin undihre Grenzgebietel3: pp. 227
235. (1958)
13.Rad6JP, Gonda E, Kovacs E
The role of venous constriction in circulatory disorders.
British HeartJournal20: pp. 389396. (1958)

1959

14.RaddJ, Blumenfeld G, Hammer S
[Prednisone therapy of novurieduced refractory cardiac edema. Ill.
Significance of tubular mechanisms in tleeersal of mercurial sensitivity.]
MagyarBelorvosiArchivum12: pp. 183188. (1959)

15.RaddJP, Blumenfeld G, Hammer S
The effect of prednisone andn@ethylprednisolone on mercurial diuresis in
patients with refractory cardiac edema.
AmericanJournalof the MedicalScience238: pp. 542551. (1959)

16.RaddJP, Hammer S
Polycythemia vera turning into myelofibrosis in an individual with Peldeet
anomaly of thdéeukocytes. Bod 14: pp. 11431150. (1959)

1961

17.RaddJ, Hamvas J, Bikich G
[Role of various factors in the pathogenesis of skin hemorrhage (steroid
ecchymosis) due to new glucocorticoids.]
MagyarBelorvosiArchivum14: pp. 107118. (1961)

1962

18.RaddJ, Hammer S, Szilagyi L
[Effect of new synthetic glucocorticoids (dexamethas@ral medrol) on

mercurial diuresis in liver cirrhosis. IV. Experimental studies on the renal and
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extrarenal effect of steroids with special reference to the concentrating capacity
of the kidney.]
MagyarBelorvosiArchivum15: pp. 1629. (1962)

1964

19.RaddJ, Tako J, Geder L, Jeney E
[Group Occurranceof HerpesZosterin PatientsTreatedwith Corticosteroidg
Orvosi Hetilad 05: pp. 1266L270. (1964)
20.Rado J, Hammer S, Szilagyi L
Uabbchl orot hi azi dsz8rmaz®kok gy¢jtRtubul
decompens8lt m8jcirrhosisban: a chloroth
nephronra
MagyarBelorvosiArchivum17: p. 298. (1964)
21.Radé J, Blumenfeld Gy
Pl eur opneumadtdereralzilt hespes zosied
MagyarBelorvosiArchivum17: pp. 160163. (1964)
22.Radé J, Tako J, Liszka Gy, Bodrogi Gy, Mihoczy L, Sarkdzy Gy, Vilagi Gy
T¢dRtumort ut8nz- arteria pul mon8lis ane
felnRtt kor iefegatusbamar i sept umd
Magyar Belorvosi Archivun®: p. 317. (1964)
23.Tako J,RadbJ
[GeneralizedHerpesZosterComplicatedoy Meningitisin a PatientTreatedwith
Corticosteroidg
Orvosi Hetilad 05: pp. 12741273. (1964)

1965

24.de Grosz |, Borbely, Szabados DRaddJP
Successful extraction of complicated cataract in a patient suffering from
haemophilia
B. ACTA Ophthalmologicg19231994) 43: pp. 574678. (1965)

25.Gomba Sz, Endes P, Radé J
Verhalten des juxtaglomerularen Apparates bei renovascitypertonie
Zentralblattfiir AllgemeinePathologieund PathologischeAnatomiel11: p. 531.
(1965)
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26.Grosz |, Borbély L, Szabados D, Radé J
Sikeres halyogkivonas-Bi pusu haemophili 88ban szenvedlIl
Szemészel02: pp. 7630. (1965)
27.RaddJ, Tako J, Miklos G
[Chromophobérituitary AdenomaAssociatedvith Cushing'sSyndrome]
Orvosi Hetilad 06: pp. 22326. (1965)
28.RaddJP, Tako J, Geder L, Jeney
E HerpesZosterHouseEpidemicin SteroidTreatedPatients A ClinicalandViral
Study.
Archivesof InternalMedicinell6: pp. 32835. (1965)
29.RaddJP, Tako J, Hammer C, Szilagyi L
[On the effect of aldosterone and aldactone A on various segments of kidney
tubules in Cushing's syndrome with polyuria]
Zeitschriftfur die GesamtennereMedizin und ihre Grenzgebiete0: pp. 521
527. (1965)
30.RaddJP, Tako J, Miklos G
Cushing'sSyndromeAssociatedvith Chromophobé& denomaof theHypophysis
ACTA MedicaScandinavicdl77: pp. 667672. (1965)
31.RadoJP
Mechanism of "thiazide" antidiuresis
Lancet*:(2) p. 1015. (1965)
32.Tako J,RaddéJP
ZosterMeningoencephalitisn a Steroid-TreatedPatient
Archivesof Neurologyl2: pp. 616612. (1965)
33.Tako J,RaddJ
[Changes in the "functional reserve capacity" oftibaitary gland and the adrenal
cortex under the effect of antithyroid therapy]
Orvosi Hetilad 06: pp. 16461650. (1965)

1966

34.Herman ERaddJ
Fatal hyperkalemic paralysis associated with spironalact®bservation on a
patient with severe renal disease and refractory edema.
Archivesof Neurologyl5: pp. 7477. (1966)
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35.RadoJP, Tako J, Salamon F, Loczka B, Major E
Paradoxical increase of peripheral glucose utilization in a patient with insulinoma
treaed with prednisolone.
Endokrinologie50: pp. 266275. (1966)
36.RaddJP, Tako J, Szilagyi L, Hammer C
[Studies on the mechanism of chlorothiazide antidiuresis in diabetes insipidus and
psychogenic polydipsia]
Zeitschriftfur die GesamtednnereMedizin und ihre Grenzgebiete21: pp. 425
431. (1966)

1967

37.Banos CS, Tako RadoJP, Krasznai I, Goschl |
Diagnostic value of the 1314belled triiodothyronine red blood cell uptake test.
NuklearmediziANuclearMedicine6: pp. 124139. (1967)
38.Borbely L,RaddJP, Tako J, Farkas G, Szabados D
[Studies on the effect of adrenal cortex hormones on hemophilia]
Folia Haematologic&7: pp. 358372. (1967)
39.Herman ERadoJ
[Fulminant pyelonephritis associated with Conn's syndrome]
Orvosi Hetilad08: pp. 15181520. (1967)
40.Rado J, Banos CS, Tako J, Szende L
Egyoldali nephrogen diabetes insipidus antibiotikus kezafién
MagyarBelorvosiArchivum20: pp. 241253. (1967)
41.RadoJP, Banos C, Tako J
Frusemide renography.
Lancet2: pp. 14191420. (1967)
42.RadoJP, Herman E
Conn's syndrome complicated by fulminant pyelonephritis in an old patient.
Journalof the AmericanGeriatricsSociety 15: pp. 448454. (1967)
43.RadoJP, Tako J, Szabo T
Site of action of furosemide.
Journalof Clinical Pharmacologyandthe Journalof New Drugs7: pp. 142149.
(1967)
44.Rado JP, Somogyi B, Také J, Bikich Gy
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Paradoxical effects of prednisone on glucose metabolism in cirrhosis of the liver
Zeitschriftfar VitaminHormonundFermentforschun@5:(4) pp. 343355. (1967)
45.RadoJP, Borbely L;Tako J, Banos C
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Abstract

Recent views about | ithium therapy (ALiIt

first-choice drug for preventing mood episodes in bipolar disorders, meeting all
requirements of the Evidendea s ed Medi ci ned [ RybakowsKki 201
to seek futher solutions for the alleviation of the side effects resulting from this therapy,

first of all in the disturbance of water metabolism, occurring almost in every case of the

patient population during loatgrm therapy. These views prompted us to publistdata
concerning the wuse of modern antidiuretic
resistanto I ithium induced polyuria (per ma
found that the administration of very high doses of Desmopressin resulted inllglinica

relevant antidiuresis, enhanced by Indomethacine and abolished by Calcitonine.
Piroxicam, another nonsteroidal aimflammatory compound, also seemed to be
antidiuretic, though in a less extent than indomethacine. The message of our writing is:
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in sud an important form of psychiatric treatment as Lithium is, a serious disturbance of

water metabolism can be alleviated by the clever use of modern antidiuretic interventions.

Introduction

Lithium was introduced into clinical medicine (again) by Cade id91%or the
treatment of certain psychiatric disorders. This type of therapy spread worldwide, became the
ngol d standar do and t hen gave i ts pl ace
neuropsychopharmacologic compounds (Ban 2017). Differing from the fate gf otfzer
drugs, however, lithium did not disappear totally from the palette. From time to time it
appears from the dark as a Agold standard in
conditions. o0 In addition, lomlyt ahrenuedy ofweaige dec | ar
conditions, but as a prophylactic measure for the prevention of acute episodes of the bipolar
disorder. The writer of these opinions met several patients whose Lithium treatment was
going to be stopped by his or her psychiatrist, they all were very unsatisfied with this
deci sion. I think that the fact t hat the |
compared to the modern drugs with more complicated chemical structures, and that therapy
with Lithium was burdened with theead to determine blood levels several times in each
case, as wel |l as the number of serious side
corruptionso in the industry producing and

Blackwell 2017), all may have ptad a role in the decreasing use of Lithium.

Excellent experts of lithium therapy stress the significance of this treatment.
AAl 't hough a numb estabilzihg ppetias already exist, none lasliso far
surpassed lithium as far psophylactic efficacy in bipolar iliness is concerned, not even to
mention a duration of such prophyl axiso (Ryba
in the longterm treatment of bipolar disorders has strengthened. With no other drug available
having such ample and consistent evidence for its efficacy lithium remains the most valuable
treatment option in this indicationo (Sever us¢
can be found in collated documents in the INHN webpages under the heatthngnL
controversy (Blackwell 2014.) In any case, use of lithium proved to be a valuable way to treat
certain psychiatric diseases, with the probable capability to prevent acute episodes. Therefore,
further studies concerning both the effects and sidetsftd lithium are not useless efforts

even in the fimol ecul ar genetic erao of neur oy
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Our Studies Concerning the Effects of Modern Antidiuretic Agents

One of the side effects of lithium is a disorder in renal concentrating tmpera
(Forrest 1974; Glick 1984). The disturbance in water metabolism is appearing almost in every
patient treated with lithium on a losigrm basis (Allen 1989). The abnormality is frequently
mild, manifesting in increased urine volume and polydipsia nbua degree because of the
decreased water reabsorption in the distal nephron. (Boccalandro 2004; Cohen 2002; Haris
and Rad- 2008; Kazama 2007). Someti mes, howeyv
i nsi piduso can developsi Asreéebdistapoil gubyadesti
Anephrogenic diabetes insipiduso (Bedford 20
1997). We have dealt with these abnormalities for several years and during our studies we
found a 61yearold women patient suffing from affective bipolar disorder in whom
nephrogenic diabetes insipidus developed during lithium therapy lasting more than 10 years.
Her serum calcium, potassium and glucose levels were normal, 10 ug dDAVP into both
nostrils was ineffective and the tea deprivation test was negative. Therefore, diabetes
mellitus, central diabetes insipidus and psychic polyuria have been excluded from the
polyuric disorders, as well as the calcium or potassium abnormality induced nephrogenic
diabetes (Rado 1991, 1993)s the polyuria did not cease after discontinuation of lithium it
was named Aper manent l ithium induced nephrog
Neithercut 1990; Simon 1977). Although nephrogenic diabetes insipidus is said to be
Avasopressja orsibBéeabasis of our and otherséo
2004; Moses 1984; Radd 1978/b, 1995, 2004, 2007, 2011; Stasior 1991; Weinstock and
Moses 1990), we did not exclude the use of certain vasopressin derivatives in this condition.

In our abovementioned patient, polyuria developed during Lithium treatment; the
average 24hr urine volume was 5483 ml, while the 24hr glomerular filtration rate
(endogenous creatinine clearance) was only 31.5 ml/min. Alleviating polyuria is a very
importantiime d i at e task in such patients: having a
above, despite the theoretical vasopressin resistant condition we gave excessive
supramaximal doses of a very powerful antidiuretic compound, desmopres&aniines-
d-arginine i vasopressin, dDAVP). This vasopressin derivative molecule has an extremely
strong antiuretic capability combined with a uniquely long duration of action (Radé 1975a,b,
1976a,b,c,d, 1977, 1978a). dDAVP was also given in certain cases of congeraizd ained
nephrogenic diabetes insipidus for antidiuretic purposes (Boccalandro 2004; Moses 1984;
Rado6 1995). The administered doses were generally less then given by us. Nonsteroidal anti

inflammatory compounds have also been successfully administesecha cases of similar
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conditions. These drugs were administered also in Lithium induced polyuria (Allen 1989;
Rado6 1991, 1993, 1995; Weinstock and Moses 1990; Vierhapper 1990). However, in several
cases of these disorders with excessive polyuria, adnaitiistrof nonsteroidal drugs failed

or the effect was not satisfactory as shown in our patient presented here. The combination of
dDAVP and nonsteroidal drugs also have been tried (Weinstock and Moses 1990). In such
cases we used a combination of nonstedailugs with excessivesupramaximal doses of

dDAVP. A way to administer these two drugs is reported here.

As our patient suffered too from very severe arthritic and osteogenic pains, Calcitonin
was also given. During these studies we discovered thadministration of Calcitonin with
dDAVP can abolish the antidiuretic effect of the latter (Rad6 1991,1993). Surprisingly, the
original condition of the nephrogenic diabetes insipidus is restored when adding Calcitonin
to the continued administration of dWR. One of our main purposes is to describe this
interaction between dDAVP and Calcitonine.

Investigations Performed During Maintained Lithium Therapy

We studied our patient both during maintained lithium carbonate treatment and again
several months aftehe discontinuation of lithium. During maintained lithium therapy the
investigated parameters can be seen in Figures 1, 2 and 3. Standard methods were used in the
laboratory determinations as well as in the statistics. The patient was allowed to drink wate
Afad | ibitum. o6 Daily sodium intake was 100 mm

was given 360 ug into both nostrils 5 times a day, at 8 am, 12 am, 4 pm, 8 pm, and 12 pm.

Urine was collected in 24hr clearance periods. Afterda&y fAno drugo pe:
indomethacine (75 mg per day) was given for six days. After a-auatsperiod, dDAVP was
administered for five consecutive days. After that, indomethacine and dDAVP were given in
combination for a @lay period. (Duration of investigational periods are idat ed wi t h A N
in the figures.) The combination of calcitonin and dDAVP was studied inday eriod

(daily 100 IU calcitonin was given).
Results are Summarized in Figures3and in the Table

We can see in Figure 1 that indometha¢ined mi ni st ered al one) as

drugo did not cause significant change in uri

However, dDAVP (administered alone) as compa
(p<0.05) free water excretion expressed in the percentaggooferular filtration rate
(CH20x100/GFR) and increased (p<0.05) urine osmolality.
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In response to dDAVP (administered alone) as compared to indomethacine
(administered alone), urine volume (1 asterisk= p<0.05) and free water excretion decreased

(3 asterigs= p<0.001) while urine osmolality increased (p<0.001).

After administration of the combination of indomethacine and dDAVP as compared
to dDAVP (administered alone), urine volume (p<0.001) and free water excretion (p<001)

decreased while urine osmolalitycreased (p<0.001).

Figure 1
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Legend to the Figure 1. The effects of various interventions (no drug, indometh
dDAVP (desmopressine), indomethacine and dDAVP) on specific renal fung
were investigated in a patient with permané&hium induced nephrogenic insipidu
during maintained Lithium carbonate treatment. P>0.05= comparison with
DRUG. ASTERISKS above dDAVP= comparison with INDO. ASTERISKS ab
INDO + dDAVP= comparison with dDAVP.
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In Figure 2 we can see that dDAVP (adistered alone) decreased urine volume
(p<0.001) and free water excretion (p<0,01), while increased (p<0.05) urine osmolality as
compared to Ano drugo was seen. However, wh e
urine volume (p<0.05) and free water excnet{@<0.001) increased and urine osmolality

decreased (not significant) as compared to dDAVP (administered alone).

Figure 2
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Legend to Figure 2. The effects of various interventions (no drug, dD
(desmopressine), Calcitonine and dDAVP) on specific remakctions were
investigated in a patient with permanent Lithium induced nephrogenic insi
during maintained lithium carbonate treatment. dDAVP induced a m§g
antidiuresis which has been abolished by Calcitonin despite further administrat
dDAVP. ASTERISKS = comparison of CALCITONIN + dDAVP to dDAVP.
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In Figure 3 changes of free water excretion (expressed in the percentage of glomerular

filtration rate) can be seen. dDAVP (administered alone) caused a decrease, while co

administration & indomethacine and dDAVP potentiated this effect. Indomethacine

(administered alone) was practically without any effect. Calcitonin abolished the effect of

dDAVP.
Figure 3
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Legend to Figure 3. The effect of various interventions (no drug, dD
/desmopressine/,dDAVP and indomethacine, indomethacine, dDAVP 4
Calcitonin) on free water excretion expressed in the percentage of glom
filtration was investigated in a patient with permanent lithium induced nephro
insipidus during maintained Lithium carboedteatment. CH20x100/GFR ml/m
mean values and standard error of the mean are given.

TABLE

DRUG URINE VOLUME  CosmxI00/GFR CH,0XIOO/GFR

(ml/min) (ml/min) (ml/min)
NO 4778+335 4.1740.21 2.7840.22
INDO 4350+180 4.76+0.31 2.5040.32
dDAVP! 3480+299% 4.1340.16 1.16+0:13%%*
INDO+dDAVP 2875 +161=x 4.71140.40 0.44+0.225x Y]
CALCIT+dDAVP 53634283 4.59+0.38 2.52+0.27%Y
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Values are expressed as meantSEM. x=p<0.05; xxx = p< 0.001 as compareq
drug"- Y= p< 0.05; YYY=p<0.0O0I as compared to the single drug.

Abbreviations

dDAVP=1-deamine8D-arginine  vasopressin=desmopressin.
INDO=indomethacine. CALCIT= calcitone.
Cosm =osmolal clearanceu£0=- free water clearance; GFR=glomerular filtration rate.

As shown in the table above, changes in urine volume, osmolal clearance and free
water excretion (expressed in the percentage of glomerular filtration) can be seen
numerically. Indomethacine (administered alone) was practically without any effect, while
desmopressine (administered alone) caused significant decrease both in urine volume and
free water excretion, enhanced markedly by theadministration of indometltane. (In

osmolal clearance no significant change occurred.).

We can summarize the results of the first part of our present studies by reporting that
administration of excessive doses of Desmopressin resulted in clinically relevant antidiuresis,

enhanced Y Indomethacine and abolished by Calcitonin.

After performing these investigations, administration of lithium carbonate was discontinued.

Investigations Performed after Stopping Lithium Therapy

Polyuria remained and practically did not change during net three years.
Therefore, the diagnosi s i s: Aper manent 0O
Another interesting observation was that the glomerular filtration rate increased from the 31
47 ml/min value, found during lithium therapy, to 130/min two months after the
discontinuation of lithium and permanently remained at this level. The increase of glomerular
filtration apparently did not enhance the polyuria. Polyuria was, however, partially sensitive

to Desmopressin.

After stopping lithiumtherapy, two months later the patient was studied again. This
time the effect of dADAVP (administered aloniefi a s b ai svaslcomparean with that of
the combinations of dDAVP and indomethacine, as well as dDAVP and piroxicam. (To have
an ideal baselingiscontinuation of dDAVP was not possible because it would have been
unethical and the patient definitely opposed it.) Urine volume, free water excretion, osmolal

clearance, urine and serum osmolality, as well as glomerular filtration rate were determined

It can be seen in Figure 4 that indomethacine plus dDAVP as compared to dDAVP

(administered alone) was antidiuretic (urine volume [p<0.001] and free water excretion
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[p<0.001] decreased and urine osmolality [p<0.001] increased) without any consistget chan
in osmolal clearance, glomerular filtration rate and serum osmolality. Piroxicam plus dDAVP
as compared to dDAVP (administered alone) was also antidiuretic (urine volume [p<0.01]
and free water excretion [p<0.01] decreased and urine osmolality [prEréased) without

any consistent change in osmolal clearance, glomerular filtration rate and serum osmolality.
These results support the contention that indomethacine is not the only nonsteroidal anti
inflammatory compound which can be used in the antdiwtherapy. However, piroxicam
seemed to be less antidiuretic than indomethacine, by-88 20. It should be mentioned,

that another nonsteroidal drug (aspirin) had no antidiuretic capability (Vierhapper 1990).

Figure 4
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Legend to Figure 4. Two months aftescntinuation of lithium carbonate treatmg
the effects of various interventions (dDAVP /desmopressine/, piroxicam and dD
indomethacine and dDAVP) on specific renal functions were investigated in a g
with permanent lithium induced nephrogenisipdus.
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Conclusion

The message of our present writing is that in such an important form of psychiatric
treatment as lithium is, a serious side effect, the disturbance of water metabolism, can be

alleviated by clever use of modeantidiuretic interventions.
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January 25, 2018

Barry Blamuonenel | 0s

| want to thanklanosRado for his thoughtful final contribution to the collated lithium
file. This is a fairy tale ending to a long saga which provides a detailed and inventive
management of a serious side effect that may make a significant contribution to the safe use
of a smple ion that remains the best, safest and least expensive treatment for the prevention

of recurrent episodes of bipolar disorder. Schou and Cade would have been pleased.
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May 10, 2018

J8nos Raydo Barsy Blackwelh somment

| amdelighted by the nice words of Barry Blackwell. This honor presented to me is
extraordinary indeed, considering that it comes from one of the greatest persons in the field

of treatment of bipolar disorder with lithium.

There could not be a higher praise foe thanfi &hou and Cade would have been

pleased

| felt that my merit is much lower than the one contributed to me by Barry Blackwell;

that is the reason for which | was unable to reply to his comments for a long time.

January 8, 2020

GordonJ ohnsondés comment

Uncertainty concerning |ithiumbés effects
adversely affect clinical management. As Rad6 notes lithium is the drug of first choice in
long term prophylactic treatment in bipolar disorder requiringicdl and laboratory

monitoring.

Thirst and increase of urine volume (polyuria) are two of the most frequently reported
side effects. These changes are attributed to decreased responsiveness of the renal tubules to
the antidiuretic hormone. This impairntesf urinary concentrating ability is considered a
reversible pharmacologicalffect. Polyuria has been reported in up to 50% of patients; with
polyuria greater than 3 litres per 24 hours in 20% of patients on long term lithium therapy
(Boton, Gauiria andattle 1987). Such increased urine volume carries a potential risk of
toxicity to the patients because of sodium depletion, excessive fluid loss or reduced fluid
intake. Progressive impairment may occur in some patients leading to a diabetes insipidus

syndome.

In 5 to 10 % of patients the impairment of concentrating ability may be irreversible

or only partly reversible upon lithium discontinuation (Bendz 1983).
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In contrast glomerular function remains relatively unscathed (Johnson, Glenn, Hunt
et al 1984)There is an inverse correlation between maintenance plasma lithium levels and
urinary concentrating ability and plasma levels should be kept at the lowest level consistent
with adequate therapeutic effect. As renal tubular concentrations of lithium nmEg2te
times that in plasma what are moderate differences in plasma level will be considerably

amplified at the tubular level.

Radé reports a case study in a patient with irreversible diabetes insipidus associated
with lithium maintenance treated in a croser study with high dose pitressin analogue alone
and in combination with indomethacin or calcitonin. Excessive doses of desmopressin alone
had an antidiuretic effect with decreased urine volume and increased osmolality The

nonsteroidal drug indomethaa@mhanced the effect while calcitonin abolished it.

The mechanisms involved remain unexplained. No adverse effects were noted. The
diabetes insipidus persisted following lithium discontinuation and remained unchanged over
three years. A small improvememt glomerular filtration was noted. This also remained

unchanged over the three years.

This is an interesting report of effective treatment paradigm in severe lithium induced

diabetes insipidus and warrant s further investigation.
Risk factorsassociated with impaired renal function in patients on lithium are

Current or previous episodes of lithium intoxication
Lithium dose and plasma levels

Concomitant psychotropic medication
Cardiovascular disease

Age decline in GFR

a kr w0 bnpPE

There is no consistent ewdce that differences in lithium preparations or dosage
regimens effect renal function differentially. The clinical benefits obtained in the majority of

patients far outweigh the identifiable risks of renal impairment.
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July 5, 2018

JanosRad: - 6s reply to Gordon Johnso

| would like to thank Gordon Johnson for his comments on my final comment on the
coll ated document of Barry Blackwell s Lithiu
for his comments because it was froia reports that we learned the natural history of renal
function changes in patients under lithium therapy (Johnson, Glenn, Hunt et al. 1984; Johnson
1998).

In some patients treated for-20 years urinary concentrating ability studied during
administraton of vasopressin decreased below plasma osmolality (300mosm/Kg). This
observation was confirmed later by many investigators. Thus, the development of
nephrogenic diabetes insipidus as a consequence ofdomdithium treatment is no longer
a rarity. Insome cases withdrawal of lithium resulted in improved renal function, while in
others lithiuminduced nephrogenic diabetes insipidus remained irreversible, e.g.,

Aper manent o (Rad- and Zdravkova 1991, 1993). E
hopd e s s . Several therapeutic options are avail
can be somewhat secured by decreasing the polyuria with thiazide diuretics, indomethacine,
amiloride, desmopressin and, most importantly, combinations of them (Gexdford,

Leader and Walker 2018; Mizuno, Fujimoto, Sugiyama et al. 2003; Radé 2018, 2019; Stasior,

Kikeri, Duel and Seifter 1991; Weinstock and Moses 1990).

Although lithiumi nduc ed per manent nephrogenic di
def i ni t i o n oresiatantvcanslitiop, vasapressin resistance in many cases is not
absolute (Canfield, Tamarappoo, Moses et al.1997; Moses, Scheinman and Oppenheim
1984). When we started our studies with desmc
given intranasally. Inthese early human pharmacology investigations 320 mcg was given as
a quasi Asingle doseodo during one hour to pat
insipidus (Rado 1975). When we used desmopressin for nephrogenic diabetes insipidus 300
mcg was g/en during 24 hrs (Rado6 and Zdravkova 1991,1993). In the meantime, however,
it became known that desmopressin may be effective also in hematologic disorders. In these

disorders, in certain cases, desmopressin was given in very extreme doses
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The industry poduced desmopressin preparations containing very high
concentrations of desmopressin which acted on the blood clotting mechanism for bleeding
disorders. By using such a preparation (Octim Nasal Spray Ferring Pharmaceuticals Ltd)
administration of 300 mc@L50 mcg into each nostril) as a single dose is easily feasible.

To the best of my knowledge this preparation has not been tried, up to now, in the
combination therapy (with indomethacine or other compounds) of the |timdated
permanent nephrogenicti:@t es i nsi pi dus. Nevertheless, Gor
on his studies, is valid also at present: AfAth
in the majority of patients. o This wiffse sente
Attman P, Aurell et al. 2014; Blackwell 2014; Bendz Schén, Attman and Aurell 2010; Croft,
Bedford, Leader and Walker 2018; Rad6 2018, 2019; Rybakowski 2017; Severus 2014;
Shine, McKnight, Leaver and Geddes 2015).

References:

Aiff H, Attman P, Aurell M,Bendz H, Schon S, Svedlund J. The impact of modern treatment
principles may have eliminated lithiumduced renal failure. Journal of
Psychopharmacology. 2014; 28(2):151

Bedford JJ, Weggery S, Ellis G, McDonald FJ, Joyce PR, Leader JP, Walker RimL.ithi
induced nephrogenic diabetes insipidus: renal effects of Amiloride. Clin J Am Soc Nephrol
2008a; 3:132481.

Bendz H, Schon S, Attman P, Aurell M. Renal failure occurs in chronic lithium treatment but
is uncommon. Kidney International 2010; 77:234.

Blackwell B. Lithium Controversy. A historical autopsy. inhn.org.controversies. June 19,
2014.

Canfield MC, Tamarappoo BK, Moses AM, Verkman AS, Holtzman EJ. Identification and
characterization of aquapo+ih water channel mutations causing nephrogenic etieb
insipidus with partial vasopressin response. Hum Mol Genet. 1997; 6(11)71865

Croft, PK, Bedford, J. J., Leader, JP, Walker RJ: Amiloride modifies the progression of
lithium-induced renal interstitial fibrosis. Nephrology (Carlton). 2018; 23(33@0

Johnson G. Lithiumearly development, toxicity, and renal function.
Neuropsychopharmacology 1998; 19:2800

Johnson G, Glenn E, Hunt G, Duggin G, Horvath JS, Tiller DJ. Renal function and lithium
treatment: initial and followup tests in manidepreswe patients. J. Affective Disorders
1984; 6 24963.

Johnson G. Comment@&nosRad:- 6 s (January 25, 2018) final
Lithium Controversy. inhn.org.controversies. July 5, 2018.

Mizuno H, Fujimoto S, Sugiyama Y, Kobayashi M, Ohro Y, Uchida S, Sasaki S, Togari H.
Successful treatment of partial nephrogenis diabetes insipidus with thiazide and
desmopressin. Horm Res. 2003; 59(6):29D.



79

Moses AM, Scheinman SJ, Oppenheim A. Marksgbdtonic polyuria resulting from
nephrogenic diabetes insipidus with partial sensitivity to vasopressin. J Clin Endocrinol
Metab.1984; 591048.

Radé J. Final comment on Barry Blackwell: The lithium controversy. A historical autopsy.
Collated by Olaf Fjeind. Use of modern antidiuretic agents in the treatment of permanent
lithium-induced nephrogenic diabetes insipidus (Administration of excessive doses of
desmopressin resulted in clinically relevant antidiuresis, enhanced by indomethacine and
abolished bycalcitonine). inhn.org.collated. January 25, 2018.

Radé JP, Marosi J, Fischer J, Tako J, Kiss N. Relationship between the dedeaofiho
8-d-arginine vasopressin (ddavp) and the antidiuretic response in man. Endokrinologie 1975;
66:18495.

Rad6 JP, Zdm&kova S. Lithiuminduced chronic watemetabolism disorder (nephrogenic
diabetes insipidus)]. Orv Hetil. 1991; 132:19807.

Rado JP, Zdravkova S. Effect of Indomethacine and Calcitonin During Administratien of 1
Deamine8-D-Arginin-Vasopressin (dDAVP) on ree Water Clearance in Nephrogenic
Diabetes Insipidus (NDI). Xlith International Congress of Nephrology. Jun&813993
Jerusalem, Israel.

Radé J. Renal Toxicity of Lithium in Historical Perspective with Special Reference To
Nephrogenic Diabetes Insipigand its Treatment. inhn.org.controversies. May 2, 2019.

Rybakowski J. Final comment: Half a Century of Inspiring Lithium Controversy. Barry
Blackwell: The Lithium controversy: A historical autopsy. Collated by Olaf Fjetland.
inhn.org.collated. August 12017.

Shine B, McKnight RF, Leaver L, Geddes JR. Long term effects of lithium on renal, thyroid,
and parathyroid function: retrospective analysis of laboratory data. The Lancet 215; 386:461
8.

Severus E, Taylor MJ, Sauer C, Pfennig A, Ritter P, Bauer M, Geddes JR. Lithium for
prevention of mood episodes in bipolar disorders: systematic review andunadyais. Int J
Bipolar Disord. 2014; 2:15.

Stasior DS, Kikeri D, Duel B, Seifter JL. Nephrogewuliabetes insipidus responsive to
indomethacine plus dDAVP. New Eng J Med 1991; 324:850

Weinstock RS, Moses AM. Desmopressin and indomethacine therapy for nephrogenic
diabetes insipidus in patients receiving lithium carbonate. South Med J 1990;83:147

July 11, 2019

JanosRado: Additional information

Calcitonin in lithium-induced nephrogenic diabetes insipidus

In our previous studies the favorable antidiuretic action of Desmopressin was

counteracted by the concomitant administration of Calcitonitithium-induced permanent
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nephrogenicdiabetes insipidus (Rad6 2018). However, the exact mechanism of the
abolishment of Desmopressimduced antidiuresis by Calcitonin was not clear. As the
opinions in the literature are rather divided concerning the basic water metabolic action of

Calcitonire, further considerations may have significance.

Cal ci t otmidkyg ihor eoiie, having both diuretic
Diuretic effectof Calcitonin was an observation mainly in the older literature (Carney, and
Thompson 1981; Keeler, Walkand Copp 1970) and is in harmony with our published data
on a water mobilizing action (Radd 1991, 1993, 2018). On the other &arater retaining
actionwas found by the de Rouffignac group (Elalouf, Roinel and de Rouffignac 1986) in
response tdhumanCadcitonine in rats during microculture studissnulatingthe changes
induced by Desmopressin. The results of these investigations were later confirmed by elegant
sophisticated methods (Bouley 20libylicating that Calcitonine has a vasopressdlike
action,indeed Calcitonine was even recommendeédough purely on theoretical basifor
the treatment of nephrogenic diabetes insipidus, i.e., in a vasopressin resistant condition
(Bouley et al. 2011).

An alternative explanation to the complicated water &ffed Calcitonin may be
provided by supposing that both Desmopressin and have an effect on the same renal tubular
site on the vasopressin (V2) receptor, but the effect of Calcitonin is weaker than that of
Desmopressin. So, Calcitonine, by occupying theeptawrs, can have a competitive
antagonism with the Desmopressin molectlerther studies are necessary to confirm or

exclude the possible competitive antagonism between Desmopressin and Calcitonin.
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September 13, 2018

Hector War negdahosRadmeéesntadadi ti onal I n

About 10% of patients on lorgrm lithium prophylaxis (more than 10 years) may
develop a fALithium induced nephrogenic diabet
in my clinical praxis obipolar patients who had severe polydipsia and polyuria. They woke
up four or five times at night to urinate large volumes (more than 3 L/24 hrs; less 300
osmolality). | consulted a nephrologist who wisely advised me to change the medication
because of tnabnormal creatinine clearance and the glomerular filtration rate. The condition
is caused by complete or partial resistance of the kidneys to arginine vasopressin, the
antidiuretic hormone. It is considered a serious adverse effect, because of thé risk o
developing dehydration (sodium may decrease to less than 170 mmol/L). It has also been
observed during treatment with clozapine, in patients with hypokalemia and hypercalcemia,

and it has been identified as a rare genetic cause of the disorder.

| am notsure that lithium is the first line of treatment in bipolar disorder even though
there is a group of bipolar patients (approximately 40%) who are responsive to lithium
prophylaxis.

I would not take it lightly if the patient developed nephrogenic diabesapidus
because of the kidney risks involved unless lithium has been the only mood stabilizing drug
that kept the patient symptom free for many years. We are also aware that an important
percentage of patients suffering from medical, neurological or yichdisorders are not

compliant with the instructions given by their doctors.
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JanosRad- 6s reply to Hector Warnes

Many thanks toHector Warnes for his recent very interesting comments on my

additional final comment of September 13, 2018.

| absolutely agree with Hector Warnes t hai
developed nephrogenic diabetes insipidus because of tieykigks involved unless lithium

has been the only mood stabilizing drug that

In some patients treated more than10 years with lithium urinary concentrating ability
decreases below plasma osmolality. Develapnad nephrogenic diabetes insipidus as a
consequence of loagrm lithium treatment is not a rarity anymore. In the two patients with
severe disturbance in the renal concentrating operation of Hector Warnes it was a really wise
decision to stop lithium #rapy. In some cases withdrawal of lithium results in improvement
in renal function, while in others lithiimduced nephrogenic diabetes insipidus remains
irreversible (Rad:- and Zdravkova -bhdu®&d, 1993) .
permanent nepbrgeni ¢ di abetes insipiduso therapy is
several therapeutic options available, by which the rest of the patient during night can be
somewhat secured by decreasing the polyuria. Thiazide diuretics, indomethacine, amiloride,
desmopressin and most importantly combinations of them are our armamentarium in the
alleviation of polyuria and polydipsia (Croft, Bedford, Leader and Walker 2018; Mizuno,

Fujimoto, Sugiyama et al. 2003; Rado6 2018; Rado6 2019; Stasior, Kikeri, Duel atet Seif
1991; Weinstock and Moses 1990).

It was the conclusion of our previous work that in such an important form of
psychiatric treatment as lithium is, a serious side effect, the disturbance of water metabolism,
can be alleviated by clever use of moderndantetic interventions. (Rado 2018)
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J 8 nRasdRenal Toxicity of Lithium i
with Specital NKephreogamrciec Di abetes

Treat ment

Abstract

Renal toxicity of lithium is a highly important subject which may jeopardize the use
of an agent needed Inyillions suffering from recurrent episodes of bipolar disorder. Lithium
may cause profound changes in the previously normal kidney functions and structure leading
to end stage kidney disease. The recent use of lower serum lithium levels, however, almost

eliminated the risk of lithiuminduced renal failure.

In the present report we deal with disturbances of the normal concentrating operation
of the kidney; lithiuminduced concentrating defect and nephrogenic diabetes insipidus

(NDI); and treatment of the hitum-induced disorders.

Treatment of the lithiuamnduced NDI consists of the thiazides, indomethacine and
other nonsteroid antinflammatory compounds as well as the administration of large doses
of desmopressin, amiloride and combinations thereof. Adtnation of very high doses of
desmopressin has resulted in clinically relevant antidiuresis, enhanced by indomethacine.
Amiloride is a very special antikaluretic diuretic drug which can abolish several lithium
induced abnormalities. In such an importaotni of psychiatric treatment as lithium, a
serious disturbance of water metabolism can be alleviated by the clever use of modern

antidiuretic interventions.

Introduction

ALithium is a simple ion that remains the
for the prevention of recurrent episodes of ©bi
term administration of lithium has been associated with nephrotoxic effects, altering the
structure or/and function of the kidney. Although chronic lithium thecgpycause advanced
renal disease, most cases of nephrotoxicity are limited only to narrowed renal concentrating
operation. Even in cases with the lithiunduced most severe disturbance of water
metabolism, i.e., NDI, there are some therapeutic measuriet wan alleviate, to some
extent, suifeeingpbDedrdaseng thepslyuria may secure some rest for the patients
during the night. Treatment options for the lithiimaduced NDI were not fully considered in

a recent review of lithium nephrotoxigi{Davis, Desmond and Berk 2018). More extensive
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analysis of these options is the purpose of the present article, with special reference to

historical points of views.

Lithium Induced Nephropathy

General toxicity was a concern even for John Cade, the discoverer of the lithium
therapy in 1947 (Cade 1949). The strongest propagator of this treatment, Morgens Schou,
was also frightened of the side efdaesakes, cons
(Schou 1958). Gordon Johnson investigated the influence of lithium treatment on the
endogenous creatinine clearance and found tha
the established nor mal r ang eldansenaonchAmslisen 198 4)
(1977); Bendz (1983); Bendz, Aurell, Balldin et al. 1994; Bendz, Schon, Attman and Aurell
(2010); and Boton, Gauiria and Battle (1987) found chronic renal lesions followingdong
treatment with lithium. Chronic lithium therapy prodscprogressive interstitial fibrosis,
hyperplastic changes in the medullary collecting ducts, distal tubule dilatation and microcyst
formation (Croft, Bedford, Leader and Walker 2018). Renal failure occurs in chronic lithium
treatment but is uncommon (Ben8chon, Attman and Aurell 2010; Johnson 1998). Dauvis,
Desmond and Berk (2018) developed a search strategy using the most valuable electronic
databases to identify the most pertinent questions of lithinduced nephropathy. They
confirmed that there waso correlation between the duration of therapy and decreases in
eGFR. At least 20 years or more is necessary for the development of Jittduoed end
stage kidney disease. Nevertheless the incidence of the latter is not more tbah %,2
(according toShine, McKnight, Leaver and Geddes [2015].-09%). Not only duration of
therapy but other factors may also be relevant to the development Hhihcwred
nephropathy, such as age, female gender, other diseases favoring nephropathy (diabetes
mellitus and fipertension), use of nephrotoxic drugs, prior episodes of acute lithium toxicity,
etc. (Davis, Desmond and Berk 2018; Johnson 2018). However, Aiff, Attman P, Aurell et al.
(2014) stress that the recent use of lower serum lithium levels almost eliminatesktbf

lithium-induced renal failure.

Disturbances in the Renal Concentrating Operation

In healthy people urine concentration can exceed that of plasma which is ca 290
mOsm/Kg. The osmolal concentration of the urine can be as high as 1200 mOsm/Kg during
prolonged thirst. During water conservation the renal medullary interstitial tissue is
hypertonic, due to the accumulated sodium and urea in consequence of the active sodium

reabsorption in the ascending limb of the loop of Henle transporting the sadliorthe
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medullary interstitium. Its osmolality is as high as that of the concentrated urine. The presence
of vasopresshinduced increase of collecting tubular permeability allows diffusion of water
back into the medullary interstitium down the establishegdullary osmotic gradient
resulting in maximally concentrated urine. Lithium diminishes the osmotic gradient in the
renal medulla reflected in a marked reduction in both osmolyte and urea content. Decrease in
the renal medullary interstitial hypertonicitesults in lower urinary concentration, polyuria

and polydipsia. Amiloride, by increase in medullary osmolytes, restores the renal medullary
interstitial hypertonicity, resulting in normalization of the renal concentrating mechanism and

less and more caentrated urine. (Bedford, Leader, Jing et al. 2008b)

During ad libitum fluid as intake in healthy people the average urine osmolality is ca
600 mOsm/Kg. During water diuresis however, the urinary osmolality is ca 100 mOsm/Kg
or less. The lowest value | sérved in my human pharmacology studies was 40 mOm/Kg
after water loading. In prolonged polyuria the osmotic concentration in the renal medulla

decreases due to the Awashouto effect wi th th

In some patients witheurohypophyseal (central) diabetes insipidus the value of urine
osmolality can be as high as 300 mOsm/Kg or more, though in most cases it is as in water
diuresis. The osmolal concentration of the urine increases at least 9 % in response to
vasopressin (Mer Moses test), so differentiation from the NIt least in the full casess
simple. In congenital NDI the urine osmolality figures are the same as in central DI, but are

not responding to the antidiuretic hormone (ADH, vasopressin).

The diagnosignay be difficult in patients with the partial form of the diseases.
Fortunately, sophisticated molecular genetic studies provide exact methods for successful
differentiation. The identification, characterization and mutational analysis of the two
different genes, the arginine vasopressin receptor 2 gene (AVPR2) and the vasepressin
sensitive water channel gene (aquaporin 2 [AQP2]), provide the basis for understanding the
two hereditary forms of renal diabetes insipidus: thknKed NDI (relatively frequentand
the non xlinked NDI (very rare) (Fujiwara and Bichet 2005). The two types of NDI result
from mutation in the structure either of the V2 receptor or AQP2 which causes impaired
argininevasopressin induced signal transduction (Canfield, Tamarappoeshibal. 1997).

AAl 1l families with her-nkkedNDhanygthechondinkedtNBlIs | nsi pi

should have their mol ecul ar def ect i denti fi ec

The concentrating process normally starts with the binding of arguasis@pressin to
the V2 receptors on the basolateral surface of the principal cells in the collecting duct. It

stimulates adenyl cyclase and influences the content of the intracellular vesicles, the AQP2
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protein which is the rftheapica membrare mthelunonalsite b e
of the principal cell in the collecting duct. Vasopressin stimulation results in theld®0

increase in water permeability of responsive principle cells.

Although the mechanisms of the development of inheritedaamadired forms of
diabetes insipidus are entirely different, therapy of the two types is surprisingly similar. In
the patients with the full (complete) form of the inherited disease the vasopressin resistance
may be absolute. However, many patients withgemital NDI suffer only in a partial form
of the disease (Boccalandro, De Mattia, Guo et al. 2004). In such patients administration of
large doses of DDAVP can alleviate somewhat the suffering. It is interesting that within one
family huge interindividuavariations can be observed in the degree of vasopressin resistance.
On this basis the effectiveness of large doses of DDAVP can be significantly different within

one family. Figure 1 shows our personal observations in such a family.

In a fivemember congeatal NDI family who were investigated during thirst and
administration of lysirvasopressin urine, osmolality values were 207 mOsm/Kg, 236
mOsm/Kg, 296 mOsm/Kg, 322 mOsm/Kg, and 405 mOsm/Kg. (Rado, Szende 1995). In Figure

1 only data of four members arepmicted.
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Figure 1
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Investigational data of the congenital NDI family (Mother /I/1 F.I./ and th
siblings). The effect of thirst and administration of lysua@sopressin (doses a
indicated above the figure) without or with infusion of hypertaatine. It can be
seen that in the first two members urine osmolality remains definitely lower tha
of plasma. In the third member urine osmolality reaches that of plasma, while
fourth member surpasses it.

Free water clearance (CH20) increadesng hypertonic sodium chloride infusior
while in response to administration of lysimasopressin it decreases. Only in
fourth family member is free water clearance turned into free water reabso
(TcH20). Changes are similar in the free watearance expressed in the percent
of glomerular filtration rate (CH20x100/ GFR). Osmolal clearance (Cosm) as W
Cosmx100/GFR markedly increased during hypertonic sodium chloride infusi
the first member of the family. Parallel changes wera searine flow (V)) and free
water clearance.

The values of the glomerular filtration rate (GFR) were normal in three membjd
the family.

The lowest numbers indicate the duration of the individual clearance periods.
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Lithium 7 InducedConcentrating Defect

The lithiuminduced disturbance in renal concentrating operation begins shortly after
the introduction of the drug. Lithium entering the principal cells of the collecting duct through
the sodium epithelial channel abolishes the foromatf cyclic AMP and by that the
vasopressin mediated insertion of the water channel protein aquaporin 2 into the apical
membrane of the cells. Down regulation of AQP2 reduces water reabsorption because of
decreasing water permeability of the tubules. iuith therapy reduces also the organic
osmolyte content of the renal medulla (Bedford, Leader, Jing et al. 2008b). Dissipation of the
high solute content of the renal medulla, the decrease in renal medullary hypertonicity, is the
other cause of the lithiumopyuria. Amiloride restores renal medullary osmolytes and
hypertonicity improving by that the renal concentrating operation (Bedford, Weggery, Ellis
et al. 2008a; Bedford, Leader, Jing et al. 2008b).

The concentrating defect progressively increases ddurtger administration of
' it hium. I n Gordon Johnsonds patient mat er i
pitressin) the average maximal urine concentration was of about 400 mOsm/kg in 11 patients
treated two years with lithium, while it was onlp®mOsm/kg in three patients treated 10
20 years (Johnson 1984).

The concentrating defect can be demonstrated at least in 50% of all patients. It is
guestionable whether in any patient the renal concentrating operation can remain intact during
administraton of lithium for several decades. Also a difficult question where is the limit
bet ween fAnarrowedo concentration and NDI . N D

lithium induced morphological structural alterations are present. On the basis of modern

studies we may account perhaps in all patients lithiumd uced #Aremodel i ngo o
cortical and medull ary renal tubul es. NRThe cCe
compl exd (Nielsen, Hof fert, Knepper et al . 2(

Lithium -inducedNDI

Nephrogenic diabetes insipidus is a clinical condition characterized with vasopressin
resistant polyuria and polydipsia. One of the most frequent causes of acquired NDI is chronic
administration of lithium; it develops after 10 years of treatment ktittum in more than
10% of the patients. Disturbance of water metabolism is the most characteristic alteration in
lithium- induced ND]j increased sodium excretion and hyperchloremic metabolic acidosis is

also present Decreased abundances of vasopresswemed aquaporin 2 and 3 water
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channels in the collecting duct is responsible for the insufficient tubular water reabsorption.
Increased sodium excretion is caused by the reduced expression of the epithelial sodium
channel in the cortical and outer medwi collecting duct. Lithiuminduced increased
expression of H+ATPase in the collecting duct is associated with the impaired excretion of
acid. (There are other mechanisms too, also leading to renal tubular acidosis.) Nielsen,
Hoffert, Knepper et al. (2008 p e r fpooteomic@naliisd o f -Indutet NDI amd

found previously unknown mechanisms for agquaporin down regulation as well as cellular
proliferation. Their model system was the inner medullary collecting duct isolated from
lithium treated ratsTheir most important finding was that lithium treatment affected proteins
involved in cell death, apoptosis and cell proliferation. Sev&malaling pathwaysvere

activated by lithium treatment, as well as the increased intracellular accumulation-of beta
catenin and phosphorylated glycogen synthase kinase type 3beta. The authors remark that
similar targets may have lithiuminthe brain 't shoul d be stressed ag
conclusion is fAthat the cel |l ul @amplexfahdeast s o f
such a single pathway leading to reduced AQP2 expression and subsequent polyuria is

unl i kely. o

Treatment of Lithiuminduced NDI

Before the era of Modern Pharmacology congenital NDI could be treated only by
providingwateri Adj uvant 6 therapy was the restriction

diet, thus decreasing the excreted osmols and water

Chlorothiazide the first thiazide diuretic, was introduced into clinical medicine in
1958. Crawford, Kennedy and Hill discaed in 1960 that in patients with central diabetes
insipidus the high urine volume can be halved by the administration of the new drug. In our
several studies we could corroborate the original results of these authors and extended those
with other classesf diuretics (Rad6, Banos, Marosi et al. 1968). The thiazide diuretic acts
by inhibiting sodium reabsorption in the distal convoluted tubule which interferes with urine
dilution, on the one hand, and (indirectly) enhances sodium reabsorption in the proxima
tubules on the other. This latter mechanism decreases the delivery of the filtrate to the distal
nephron and enhances there the reabsorption of sodium and water reducing by that the
excreted volume of urine (Earley and Orloff 1962; Oiso et al. 2013)ekfostudies proved
that the antidiuretic effeaf hydrochlorothiazide in lithiurinduced NDI is associated with
upregulation of the aquaporin 2, the-Shcotransporter and the epithelial sodium channel
(Kim, Lee, Oh et al. 2004). In the paradoxical tidez antidiuresis finally sodium

reabsorption (and water reabsorption) is increasing both in the proximal and distal nephron.
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Thiazides can be combined with amiloride, indomethacine, DDAVP etc. Congenital NDI was
treated successfully with a thiazide comlineith large doses of DDAVP (Mizuno,

Fujimoto, Sugiyama et al. 2003)

Indomethacing a prostaglandin synthetase inhibitor was also found to have
antidiuretic properties in NDI. The efficiency is dependent upon inhibition of prostaglandin
synthesis. Prostaghdins antagonize the effect of vasopressin. Indomethacine therefore
increases concentrating capacifjccording to Oiso et al. (2013) indomethacine probably
acts by inhibiting the retrieval of acquaporin 2 water channels from the apical membrane of
the piincipal cells Simon, Garber and Arieff used indomethacine in lithinduced NDI in
1977; Libber, Harrison and Spector administered it in 1986; Allen, Jackson, Winchester et al.
in 1989; Vierhapper in 1990; Rad6 and Zdravkova in 1991 and 1993; and ThoriApesace
and Baylis in 1997. We administered indomethacine together with desmopressin in a patient
with Bartter syndrome, and found a dramatic antidiuretic effect (Radd, Simatupang, Boer et
al.1978). In our recent study (Rado 2018) we found that indowiathdhad a more
pronounced antidiuretic effect than piroxicam, another-steroid antinflammatory

compound.

For Desmopressin (Deamine8-D-Arginine Vasopressin: DDAR), structural
alterations of the vasopressin molecule resulted in increased anidjpwétncy, longer
duration of action and lacking pressor effect due to decreased vasoconstrictor activity. In our
studies carried out over 40 years we have demonstrated a relationship between the dose and
both the magnitude and the duration of the antidia effect (Rado et al. 1975c, 1976¢).
Robertson and his coworkers (Oiso et al. 201:
patients with neurohypophyseal diabetes insipidus rapid infusion of 1 /Jug DDAVP increased
urine osmolality to a maximum of00-800 mOm/Kg; further increases in dosage only
prolonged the duration of action from an average of 26 hours after 1 /ug to 46 hours after 8
/ug. 6 Our further studies revealed | arge i nt
duration of the antidietic response of DDAVP, which was contributadl least in partto
the interindividual differences in renal concentrating power (Radé et al. 1976a). The long
duration of action of DDAVP is attributed mainly to its slow metabolic (enzymatic)
degradationand both shortened duration of action (Rad6 et al. 1976b) and lengthened
duration of action (Radct al 1975b) were reported under varying pharmacological
circumstances. Comparison of the antidiuretic effects of single intravenous and intranasal
doses of IDAVP in diabetes insipidus was also an important part of our investigations (Rado,

Marosi and Fischer 1977). Intranasal administration of DDAVP was at that time a
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comfortable way of administration and proved to be reliable. Today DDAVP therapy can be
carried out by oral melting tablets. We have elaborated a diagnostic procedure for the
differentiation of the various concentrating defects by intranasal administration of DDAVP,
the ADDAVP concentrating testo (Rad:- 1978) .

AVasoplrieksesd nant i dasubeea treparted aftet administration of
carbamazepine, even leading to water intoxication (Rad6 1973). Clofibrate has also a similar
effect. The development of a drirgduced inappropriate secretion of antidiuretic hormone
syndrome has been describettatombined administration of carbamazepine and clofibrate
(Rado, Juhos and Sawinsky 1975a). Combination of carbamazepine and chlorpropamide was
effective in the treatment of Ahyporesponde
Antidiuretic effect of srall doses of DDAVP could be enhanced by the coadministration of

carbamazepine or/and clofibrate and can be inhibited by glyburide (Radd 1974b,c).

Indomethacine and DDAV®as used for the first time in lithium induced NDI in
1990 by and Weinstock and Mosawd in 1991 by Stasior, Kikeri, Duel and Seifter. We used
successfully excessive doses of DDAVP combined with indomethacine or piroxicam for the
alleviation of polyuria in lithium induced NDI (Rad6 and Zdravkova 1993; Rad6 2018)

Amiloride is a potassium taining (antikaluretic) diuretic. Polyuria and polydipsia
due to lithiuminduced NDI decreases during administration of amiloride. Amiloride
improved responsiveness to arginriesopressin stimulated translocation of AQP 2 to the
apical membrane of the pdipal cell and increased AQP2 excretion as well as maximal
urinary osmolality (Bedford Leader, Jing et al. 2008b). Inhibiting the lithiimduced
epithelial sodium channel in the collecting duct with amiloride reduces the lithium induced
downregulationof the acquaporin 2 expression. Amiloride reduces transcellular lithium
transport, intracellular lithium concentration and lithiumduced inactivation of GS#8-beta
(Kalra, Zargar, Sunil et al. 2016). Amiloride therapy alleviated also the chronic lithium
therapy produced progressive interstitial fibrosis and hyperplastic changes in the medullary
collecting ducts (Croft, Bedford, Leader and Walker 2018).

A Vasopressinanal ogue ( DDAVP) i RedDst antiovaGompd el

Yes, In Large Doses in NDI.

Per definition, NDI is a vasopressiesistant condition. In two congenital cases of
Moses, Scheinman and Oppenheim (1984), however, NDI responded to large doses of
DDAVP. Though 2550 times as resistant to DDAVP nasal sprayRas d paiients with

central diabetes insipiduR&d$1975c) these patients could be treated effectively with large
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doses of the nasal spray. Our dosage protocol is in total agreement with the calculation of
Moses, Scheinman and Oppenheim. We gave32®dug DDAVP nasal spray to our lithium
induced NDI patient, which is ca 25 times more than a normal 10 /ug dose (Rado 2018). In
our patient with lithiurainduced NDI (Rado6 2018) 24 hr urine osmolality before treatment
was 175 mOsm/Kg, while under treatmewith excessive doses of DDAVP plus
indomethacine it was 280 mOsm/Kg. Others have similar experiences (Oiso et al. 2013;
Mizuno, Fujimoto, Sugiyama et al. 2003; Stasior, Kikeri, Duel and Seifter 1991; Weinstock
and Moses 1990).

Conclusions

Lithiumisi mportant for the worl ddéds millions
bipolar disorder- based on the works of Ban 2017, Blackwell 2014 and 2018, Rybakowski
2017, Severus 2014 and others. Lithium remains a key treatment, although its use needs
monitoling and a safetgonscious approach is needed (Shine, McKnight, Leaver and Geddes
2015). The burden of the not too uncommon side effect, the litmdoced NDI can be
alleviated somewhat by the clever use of modern antidiuretic agents (indomethacine
combhned with excessive doses of desmopressin), including also the use of amiloride, and

thiazides.
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May 2, 2019

Janus z Rybakowski 6s commentary

The paper written byanodRado provides a detailed description of one of the frequent
renal sideeffects of lithium: an impairment of renal concentrating ability which, in rare cases,
can have its apogeum in lithiumduced nephrogenic diabetes insipidus. As to diabetes
insipidus,the author discusses the available treatments of this condition pointing to the clever
use of modern antidiuretic interventions. This may provide clinicians employing lithium in
patients with mood disorders and encountering such a side effect, a vadptions for its

management.

However, from nearly a hatfentury perspective of the practice of lithium treatment,
| can voice an opinion that lithiwimduced impairment of renal concentrating ability, leading
infrequently to nephrogenic diabetes insiggdonay not be a major kidney problem connected
with the longterm lithium therapy. This sideffect of lithium can be observed as early as
after several weeks of lithium therapy and, in most cases, disappears completely after lithium
discontinuation; it ca also be effectively treated according to Rra d guiddslines. During
long-term lithium treatment, many patients present some degree of impairment of renal
concentrating ability, however, in most cases it does not have significant clinical importance
and does not lead to lithium discontinuation. The most important kidneyesfielet is lithium
nephropathy, developing mostly after 10 or more years of lithium treatment and, in some
cases, can result in renal failure and make a real case for terminaliihiuof therapy. In
good responders to lortgrm lithium, it may have a detrimental effect to the illness since a

replacement of lithium with another mood stabilizer is usually not so effective.

My experience with lithium therapy dates back to 1970 wistarted such treatment
at the Department of Psychiatry, Medical Academy, Poznan, Poland. Two years later |
described, first in Polish medical literature, a case of lithilghced diabetes insipidus. This
side effect occurred after several weeks of liththerapy and disappeared following lithium

discontinuation (Rybakowski and Daszynska 1972).

In recent years our group has performed a number of studies on kidney function in

long-term lithiumtreated patients. In the study published in 2012, 80 patiettisavisipolar
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mood disorder (26 male, 54 female), aged 60 + 11 years, receiving lithiur8&(1% + 9)

years, were investigated. Decreased estimated glomerular filtration rate (eGFR) values <60
ml/min/1.73/m2 were found in 23% of patients, significamtigre frequently in men that in
women (38% vs. 16%). Specific gravity of the urine, equal to or below 1.005, was recorded

in 21% of men and 14% of women (Rybakowski, Abramowicz, Drogowska et al. 2012).

Since the inhibition caused by lithium of the glucoggnthase kinas8beta (GSK
3b) makes it the main mechanism of | ithium ac
-50 C/T polymorphism ofthe GSEb gene coul d be associated wi
long-term lithiumtreated bipolar patients. Weuiod such an association with a lithium effect
on urine concentrating capacity. Patients homozygous for C allele had significantly higher
urine specific gravities (1.019 £ 0.008) compared to the remaining genotypes (1.013 £+ 0.007)
(p = 0.035), with no inflance attributed to the duration of lithium treatment. Other parameters
of kidney function (serum cr e aiGtlevels)avere e GFR,

not different between genotypes (Rybakowski, Abramowicz, Szczepankiewicz et al. 2013).

As previousy mentioned, the main reasons for lithium discontinuation in-tenm
lithium-treated patients are the symptoms of lithiuntuced nephropathy. However, such a
di scontinuation, especially in fAexcellent it
risk of relapse and a treatmeamsistant course. We assessed kidney function during a five
year followup in the ERL with the glomerular filtration rate (GFR)< 50 ml/min/1.73 m2.
Three males and one female were included. At the beginning, their age was&g$ears
and duration of lithium treatment was 27 + 9 years. Kidney parameters (serum creatinine,
GFR and urine specific gravity) were assessed at least three times during-jteafiialow
up period. In three patients having the initial GRF betw@@d8 ml/min/1.73 m2, the kidney
parameters did not show significant changes and the patients continued lithium treatment.
The patient with the lowest GFR (32 ml/min/1.73 m2) had a 14% decrease in GFR and a 10%
increase in serum creatinine. However, uynspecific gravity increased during this time
from 1.003 to 1.007. In this patient, the dose of lithium was decreased gi@hand he
was placed under strict nephrological observation. Therefore, based on the results and in the
ELR with the GFR not meh lower than 50 ml/min/1.73 m2, we suggest continuing lithium
with a yearly check on kidney parameters. In the ELR with a much lower GFR, a reduction
of lithium dose and nephrological observation along with more frequent monitoring would
be recommended @Famowicz, Permod®sip, Nowak et al. 2017).

We also described five patients (two men and three women, agé@l y&zars) with

ultra-long-term lithium treatment (4@5 years) and good response to such treatment. Their
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serum lithium level was maintained withthe range of 0.60.65 mmol/l, except for one

male, having 0.-0.8 mmol/l. One man had stage 3 chronic kidney disease and the other stage
2/3 chronic kidney disease. All three women had asymptomatic stage 2 chronic kidney
disease. However, no progressibas been observed within the last five years. The urine
specific gravity in all patients was above 1.005. In all patients the cognition and professional
activity were at the level of healthy subjects with comparable age and years of education.
Their fundioning in family and social roles was good. The beginning of lithium prophylaxis
had usually been made within the first three years of the iliness. Therefore, we could conclude
that in patients with favorable response to lithium, such a longitudinal edration of the

drug can produce satisfactory performance in vocational and psychosocial areas and the
management of potential adverse effects can be adequate (P€dsipdabramowicz,

Kraszewska et al. 2016).

In conclusion, from a longerm lithium admistration perspective, the issue of
lithium-induced diabetes insipidus is much less important than litimdonced nephropathy.
However, Dr. Radé should be congratulated for his excellent review of treatment possibilities
for this lithiumrinduced side eéfct. In my opinion, the extensive therapeutic experience of
Dr. Radd with lithiuminduced diabetes insipidus deserves an updating publication in a
regular bipolar disorder journal and | would encourage him to submit such a paper to the

International Jourraf Bipolar Disorders.
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JanosRad- 6s reply to Janusz Rybakow:

Many thanks to Professor Rybakowski for his comment, which is as comprehensive
as a comment could be. We are grateful fopiréect evaluation of the clinical significances

of the different lithiuminduced renal abnormalities.

Professor Rybakowski stresses that the most important kidney side effect is-lithium
nephropathy resulting in renal failure and makes a real case fanagion of lithium therapy.
It is sometimes a tragic event for the excellent respondingtinng treated patient because

of the high risk to relapse.

We have to congratulate the Rybakowski Group for their wise recommendations in
lithium therapy (loweringplasma lithium levels, more intensive role of nephrologists, etc.)
by which they are able to continue lithium treatment (in their excellent responding patients)

even with lithiuminduced nephropathy.

However, our field is lithiuminduced permanent neplgenic diabetes insipidus and
other associated abnormalities. In such a patient with advanced fihdwered renal tubular
acidosis severe metabolic bone disease also developed (Rad6 2018). Bone pain could not be
easily eliminated. Calcitonin was adminigté with a surprising result. The antidiuretic
action of desmopressin was abolished and the polyuria was restored. It is interesting that a
basically (probably) antidiuretic mol ecul e

possibility of a competitive aagjonism between desmopressin and calcitonin (Radé 2018)

By the way, | read recently with great ent
2018 review article on Challenging the negative perception of lithium and optimizing its long

term administrationThe significance of this work is characterized by a remark of Domenico

De Berardis at the end of the publication: i

émal practice. Your paper should be read by al
| appreciatevgr deepl y Professor Rybakowski 6s cor

literatureo (Rad- 2019) .
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Janusz Rybakow3akosad -réess proempsley t o

| was greatly flattered by the appraisal of my commenidnosRado. It seems that
the bottom line for both of us is to efficiently alleviate possible renal obstacles ttelong
lithium treatment, be it nephrogenic diabetes insipidus or lithinodaced nephropathy. We
concur with the notion that lithium should bsed more frequently and, by doing so, it would

be able to help the larger number of patients.

While lithium is the drug of choice for preventing recurrences in bipolar (and
probably also unipolar) mood disorder, the fringe benefits of lithium therapydshtsal be
emphasized. These are connected with-auitidal, antiviral and neuroprotective properties
of this ion. Among all moodtabilizing drugs, lithium is the most powerful for preventing
suicidal behavior (Cipriani, Hawton, Stockton and Geddes 2008 antiviral effect of
lithium was demonstrated by showing a reduction of labial herpers frequency itetamg
lithium-treated patients (Rybakowski and Amsterdam 1991). Finally, neuroprotective effects
of lithium have been demonstrated such as inangaserebral volume, decreasing risk of
dementia as well as promising results in Alzheimer's disease (Rybakowski, Suwalska and
Hajek 2018). Interestingly, the effect of lithium in dementia might be connected with its
action against herpes viruses (Rybakawakl9). A recent paper of Van Gestel, Franke,
Petite et al. (2019) could also be recalled showing that litiiieated bipolar patients show

the features of decreased brain aging.

It should be hoped that disseminating knowledge on the efficient manafjing o
lithium-induced renal side effects could contribute to more common application of this

therapeutic ion in mood disorders.
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J8§nRasdDesmopressin may ic@oumt driadti

l nducedgeerpbrdi abetes insipi

Review of the |1 terature
Abstract

Lithium is a simple ion that remains the best, safest and least expensive treatment for
the prevention of recurrent episodes of bipolar disorder. However, in many patients
administration of lithium is associated with renal side effects. The most frequent side effect
is a defect in urinary concentration which may lead to permanent |Himdoced
nephrogenic diabetes insipidus. In the older literature this problem was tvatiegreat
attention; in the most recent publications, however, lithinduced nephrogenic insipidus is
hardly mentioned. Patients suffer from a disturbed night therefore it is an eminent goal to

secure them some rest.

In our previous work administratiasf excessive doses of desmopressin resulted in
clinically relevant antidiuresis in lithiusmduced nephrogenic insipidus enhanced by
indomethacine (Rad6 and Zdravkova 1991; Rado 2018a,b; Rado 2019). The purpose of the
present paper is to review the litene concerning the use of desmopressin in litRium

induced nephrogenic diabetes insipidus.

Introduction

Lithium is a simple ion that remains the best, safest and least expensive treatment for
the prevention of recurrent episodes of bipolar disorder (Bleltkk®18). This concept is
supported by many reports, among them those of Ban (2017); Gupta, Kripafani, Khastgir and
Reilly (2013); Rybakowski (2017); and Severus, Taylor, Sauer et al. (2014). However, its use
has gradually declined and many lessablisked drugs are preferred. It is underused because
of its low therapeutic index, the need for regular blood tests and perceptions about its adverse

effects, including renal problems (Gupta, Kripafani, Khastgir, Reilly 2013)

The most frequent renal problem enatered is the disturbance in water metabolism
due to lithiuminduced insufficiency in renal concentrating operation resulting in polyuria
and polydipsia. Daily urine volume increases, in many cases more thdiieBs a day
(Johnson 2018; Warnes 2018t we have seen a patient, in whom in a stage of her long

history it was more than 10 liters. Patients suffer from a disturbed night. Therefore, it is an
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eminent goal to secure some rest for them. In the older literature this problem seemed to be
very important (Johnson, Glenn, Hunt et al. 1984; Johnson 1998; Rad6 and Zdravkova 1991)
and was treated with great attention. In the most recent publications, however,-lithium
induced nephrogenic insipidus is hardly mentioned (Gupta and Khastgear 2017; Dauvis,
Desanond and Berk 2018). The recommended drugs are mostly a thiazide diuretic (Mizuno,
Fujimoto, Sugiyama et al. 2003), indomethacine (Weinstock and Moses 1990) and amiloride
(Croft, Bedford, Leader and Walker 2018).

A Short Pharmacology of Desmopressin

Strucural alterations of the vasopressin molecule resultedligainine8-D-arginine
vasopressin (DDAVP) or desmopressin, with increased antidiuretic potency, longer duration
of action and lacking a pressor effect due to decreased vasoconstrictor activitystundies
carried out over 40 years we have demonstrated a relationship between the dose and both the
magnitude and the duration of the antidiuretic effect (Radd, Marosi, Fischer et al. 1975a;
Radd, Marosi, Szende et al.1976c¢). Robertson and his cow@@iets Robertson, Norgard
and Juul 2013) wrote about our early investi
diabetes insipidus rapid infusion of 1 micgr desmopressin increased urine osmolality to a
maximum of 708800 mOm/Kg; further increases @dwsage only prolonged the duration of
action from an average of 26 hours after 1 mi

Our further studies revealed large interindividual variability in the magnitude and
duration of the antidiuretic response of desmopresdiichawvas contributeeat least in part
- to the interindividual differences in renal concentrating power (Radé, Marosi, Borbely and
Tako 1976a). The long duration of action of desmopressin is attributed mainly to its slow
metabolic (enzymatic) degradatiand both shortened duration of action (Radd, Marosi and
Fischer 1976b) and lengthened duration of action (Radé and Marosi 1975b) were reported

under varying pharmacological circumstances.

The effect of desmopressin was inhibited by glyburide, an antiitat@mpound,
probably by competitive antagonism (Radd, Szende and Marosi 1974a; Rado, Szende, Marosi
et al. 1974b) A similar antagonism by calcitonine was discovered later (Radd 2018ab).
Comparison of the antidiuretic effects of single intravenous andniasal doses of
desmopressin in diabetes insipidus was also an important part of our investigations (Rado,
Marosi and Fischer 1977). Intranasal administration of desmopressin was at that time a
comfortable way of administration and proved to be reliabtetaday desmopressin therapy

can be carried out by ingesting dissolving tablets (Walle, Stockner, Raes and Ngrgaard 2007).
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We have elaborated a diagnostic procedure for the differentiation of the various
concentrating defects by intranasal administratiom desmopressin, t he i
concentrating testo (Rad:- 1978) . When we ¢
Asupramaxi mal o dose wa s 300 mi crogr gi ven
phar macol ogy investigations$e3@80smogdwasngi vat
patients with neurohypophyseal (central) diabetes insipidus (Rad6 and Marosi 1975b). When
we used desmopressin for nephrogenic diabetes insipidus 300 microgr was given during 24
hrs. (Rad6 and Zdravkova 1991). In the meantiroejdver, it became known desmopressin
may also be effective in hematologic disorders; for these disorders, in certain cases,
desmopressin was given in very extreme doses. The industry produced desmopressin
preparations containing very high concentratiordesimopressin intended to act on the blood
clotting mechanism for bleeding disorders. By using such a preparation (Octim Nasal Spray
Ferring Pharmaceuticals Ltd) administration of 300 micrgr (150 micrgr into both nostrils) as
a single dose is easily feakibTo the best of my knowledge this preparation has not been
tried, up to now, in the therapy of the lithiinduced permanent nephrogenic diabetes

insipidus.
Desmopressin Administered Alone in Nephrogenic Diabetes Insipidus

Although nephrogenic diabetesn si pi dus i s said to be fAvasc
basis of ours and othersd previous investig:
vasopressin derivatives in this condition because vasopressin resistance in many cases is not
absolute (CanfieldTamarappoo, Moses et al. 1997; Fujiwara and Bichet 2005; Khanna 2006;

Oiso, Robertson, Norgard and Juul 2013; Moses, Scheinman and Oppenheim 1984). Large
doses of desmopressin were successfully given to patients with congenital nephrogenic
diabetes insijplus for antidiuretic purposes (Boccalandro, De Mattia, Guo et al. 2004;
Canfield, Tamarappoo, Moses et al. 1997; Khanna 2006; Oiso, Robertson, Norgard and Juul
2013; Moses, Scheinman and Oppenheim 1984). The effectiveness of relatively large doses
of vas@ressin (and also excessive doses of desmopressin) can be significantly different even
within one family with congenital nephrogenic diabetes insipidus (Radé and Szende 1995;
Radd 2019). Probably the degree of resistance to vasopressin (desmopressiiffemay d
among the family members: one family member was treated successfully with desmopressin
for decades and the case was published because the (congenital nephrogenic) diabetes
insipidus was later associated with diabetes mellitus (Rad6 2011). In oigysr&xork we

found that in a patient with lithiunmduced permanent nephrogenic diabetes insipidus in

response to excessive desmopressin doses free water excretion (expressed in the percentage
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of glomerular filtration rate (CH20x100/GFR)) significantly degsed and urine osmolality
significantly increased (Rado6 2018a).

A very special observation

Mdiller, Marr, Ankermann et al. (2002) investigated two unrelated families in which
two children had inherited primary nocturnal enuresis and nephrogenic diatmsedus;
they had mutations in the aquapezrgene. The mutant proteins were inactive, suggesting
that administration of desmopressin could not concentrate the urine in these patients.

However, treatment with desmopressin resolved primary nocturnalsehooenpletely.

Combination of Desmopressin with Other Antidiuretic Agents in

Nephrogenic Diabetes Insipidus

Mizuno, Fujimoto, Sugiyama et al. (2003) treated a separold boy suffering
from congenital nephrogenic diabetes insipidus who had demonstratadial response to
desmopressin. Neither a low salt diet and a thiazide nor a large dose of desmopressin was
effective in reduction of daily urine volume. However combination of thiazide and a large

dose of desmopressin resulted in a decrease inwolome and disappearance of nocturia.

Indomethacine and desmopressin was used for the first time in lithium induced
nephrogenic diabetes insipidus in 1990 by Weinstock and Moses. They found in their two
patients that indomethacine alone was practicallffengve, but in combination with large
doses of desmopressin urine volume decreased by 47% and 63% respectively, while urine

osmolalities increased by200% and 227% respectively.

Stasior, Kikeri, Duel and Seifter (1991) reported a patient with litinohoced
nephrogenic diabetes insipidus who was responsive to desmopressin in the presence of
indomethacine, but not to desmopressin or indomethacine alone. A single dose of 6 micgr
desmopressin subcutaneously (not a too large dose!) without indomethaciné aause
increase in urine osmolality from 187 mOsm/Kg to 270 mOsm/Kg (44%). However, in
response to the same dose of desmopressin in the presence of indomethacine urine osmolality
increased from106 mOsm/Kg to 384 mOsm/Kg (262%).

In our patient urine volume dnfree water clearance significantly decreased while
urine osmolality significantly increased after administration of the combination of
indomethacine and desmopressin as compared to desmopressin administered alone (Radé
2018a).
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In our further studies pisagcam plus desmopressin, as compared to desmopressin
(administered alone), was also antidiuretic: urine volume and free water excretion decreased
while urine osmolality increased without any consistent change in osmolal clearance,
glomerular filtration ra¢ and serum osmolality. These results support the contention that
indomethacine is not the only nonsteroidal amammatory compound which can be used
in the antidiuretic therapy. However, piroxicam seemed to be less antidiuretic than
indomethacine by 230%.

Antidiuretic properties have been demonstrated for chlorpropamide, carbamazepine
and clofibrate which potentiate the effect of desmopressin (Radé 2019). From these
compounds probably only carbamazepine may be useful in a limited extent in themteatm
of the lithiuminduced nephrogenic insipidus. Statins (Bonfrate, Procino, Wang et al. 2015;
Milano, Carmoniso, Gerbino and Procino 2017); metformin (Efe, Klein, LaRocque et al.
2016); sildenafil and calcitonine (Milano, Carmoniso, Gerbino and Pro€ihd)2prasugrel
(Zzhang, PetPeterdi, Brandes et al. 2017); and clopidrogel (Zhang;A&érdi, Heiney et
al. 2015) were also shown to have some antidiuretic capabilities. Only calcitonine was
combined with desmopressin (Radé 2018 a,b). In our handgeveo, it was not an

antidiuretic factor.

Administration of excessive doses of desmopressin resulted in clinically relevant
antidiuresis, enhanced by indomethacine and abolished by calcitonine (Radé 2018a).
Calcitonine is a Atrickyo hor mone, h&vi ng
effect of calcitonine was an observation found mainly in the older literature and is in harmony
with our published data on a water mobilizing action (Rad6 1991, 1993, 2018a). On the other
hand, water retaining action was found (Elalouf, Roinel and défignoac 1986) in response
to human calcitonine in rats during micropuncture studies simulating the changes induced by
desmopressin. Calcitonin was recommended as a possible treatment for hereditary

nephrogenic diabetes insipidus by Milano, Carmoniso, Bernd Procino (2017).

Combinations of hydrochlorothiazide with indomethacine, amiloride with thiazide
diuretics have additive antidiuretic effects (Milano, Carmoniso, Gerbino and Procino 2017).
All could have been combinedat least theoretically with desmopressin to have a really
potentiated antidiuretic intervention for the treatment of lithinduced nephrogenic

diabetes insipidus.

b o1
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Conclusion

It is important to save lithium treatment for millions of people suffering from bipolar
disorder and othgpsychiatric abnormalities in an age when its use has gradually declined
and many lesgstablished drugs are preferred (Gupta, Kripafani, Khastgir, Reilly 2013.) This
can be done (at least partly) by demonstrating that treatment of lithduoed permanent
nephrogenic diabetes insipidus is not so hopeless as it appears from some recent articles
dealing with lithium induced nephrotoxicity. Our therapeutic armamentarium include several
drugs, thiazide diuretics, nonsteroid anflammatory drugs, amiloridenal desmopressin. In
this article we dealt with desmopressin administered alone and in combination with other
drugs in the treatment of congenital, as well as lithinduced nephrogenic diabetes
insipidus. On the basis of the available literature desmsiprakbone and in combination with
other antidiuretic drugs seemed to be an effective means in counteracting-Iiibiwced

polyuria.
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June 27, 2019

Robert H. Bel maker 6s comment

Thank you for asking me to comment on this learned and mechanistically
sophisticated piece hjaAnosRado. | certainly agree that we must find treatments for lithium
side effects so that fewer patients feel that they have to stop lithium. However, Radé does not
give a biochemical explanation of lithiumduced nephrogenic diabetes insipidus and
wheter it is so clear that it is related to genetic forms. His data is basically one case of
desmopressitreated lithiuminduced diabetes insipidus. Radoé points out that the older
literature assumed a lower maximum dose for desmopressin; now desmoprgs&n i
much, much higher doses for its effect on clotting. However, therein exactly lies the rub: the
molecule has effects on physiology other than on the kidney, especially at high doses. That
is justified for a severe clotting disorder. But we Igedb not know whether these clotting
effects and others not yet known of high dose desmopressin are justified if the high doses

were to be given widely for lithiusmduced nocturia.

November 21, 2019

J8nos Rad:-6s reply to Robert H. B

lam grateful for Robert H. Bel maker 6s ess

effects of desmopressin on the kidney and blood.

Lithium polyuria covers a broad spectrum of renal concentrating defect. From a small

increase of the daily urine volume (pgpsanot perceived even by the patient taking lithium)
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to high polyuria, 112 liter a day, or much more. Such magnitude of water intake leaves
practically no rest during the night; the patient awakes every half an hour throughout the night
to void. We knowthe natural history of the development of lithiimeduced nephrogenic
diabetes insipidus, it requires at least 10 years of drug consumption, so generally not the

youngest patients suffer from this condition (Rad6 2018).

Young patients with lithium polyuriean adapt to the high water intake relative easily
with increasing urinary bladder capacity. One of our young female patients voided in 800 ml
portions; ol der patients are mostly not so i
occurring frequenyl in older patients to 200 ml or 100 ml or less combined with heavy
polyuria induced by lithium is a severe curse, begging relief. | feel that in such a dramatic
clinical situation administration of very high doses of desmopressin in combination with

indomethacine is justified despite the potential influence on blood clotting mechanism.

It should be noted that although certain hematological disorders caused by a lack of
individual blood coagulation factors may improve dramatically in response to desmopressi

normal blood coagulation is apparently less influenced by the peptide.

Our experience with the administration of excessive doses of desmopressin began in
years 19751977, before we began treating patients with lithium (19836). We
participated in thelaboration of the clinical pharmacology of desmopressin usitrgmely
small and (at that time) fAextremely higho dos

insipidus, otherwise healthy persons.

As shown in Figure 1 the relationship betweametiand free water clearance,
expressed in the percentage of glomerular filtration (left part of the panel), and urine
osmolality (right part of the panel), respectively, after intravenous (upper panel) and
intranasal (lower panel) administration of desnesgm (DDAVP) in patients with central
diabetes insipidus. Maximal intravenous dose was 24 ug desmopressin, while maximal
intranasal dose was 320 ug (Radé, Marosi, Szende et al. 1976). A very speeiakgosse
relationship is obvious: increasing thesdaf desmopressin results in a progressive increase
in the magnitude of the antidiuretic response (in free water clearance and urine osmolality)
but only to a maximal limit; after that, only the duration of the antidiuretic response increases.
These datatress the significance of the increase of the dose not only in the magnitude but

also in the duration of the antidiuretic response.
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Figure 1

The doseaesponse relationship of desmopressin is striking in Figure 2 using only
changes in urine osmolalality (Radd, Marosi and Fischer 1977). By the equations presented
in Figure 2 (below) one can estimate the expected urine osmolality value (antdiuret
response) after using a given intravenous or intranasal dose of desmopressin (DDAVP) within
the first 24 hours after dosing.

Figure 2



