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Abstract: A 55-year-old man with schizophrenia developed water intoxication due to primary polydipsia. His manner of 
antidiuretic hormone secretion was investigated by water loading and infusion of hypertonic saline to clarify the form of 
the syndrome of inappropriate antidiuretic hormone secretion. The plasma antidiuretic hormone level , which may be involved 
in the occurrence of water intoxication, was consistently low in this patient, and linked to type D syndrome of inappropriate 
antidiuretic hormone secretion, designated “hypovasopressinemic antidiuresis”. Although this type is not common, it should 
be considered as a pathophysiology for water intoxication in schizophrenia patients.
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Introduction
The syndrome of water intoxication is a clinical entity that occurs in patients with chronic mental 
disorders. The essential mechanism of this syndrome is rapidly progressive profound hyponatremia due 
to polydipsia with excessive water intake. Since excessive water intake alone is rarely suffi cient to 
produce hyponatremia, water intoxication has been linked to the syndrome of inappropriate secretion 
of antidiuretic hormone (SIADH).1,2 We present here a case of water intoxication in a schizophrenia 
patient with polydipsia who was also studied during a period of stability with provocative physiological 
challenges. The results of this testing indicate that this is type D SIADH,3 and that this abnormality was 
still present during a period of electrolyte stability.

Presentation of Case
The patient was a 55-year-old male diagnosed with schizophrenia, residual type based on DSM-IV 
criteria. The onset of psychotic symptoms occurred at 32 years of age, and therapy with antipsychotics 
was initiated. The patient had suffered from several psychotic relapses and been hospitalized four times. 
His water intake per day had been about 8–10 L from 40 years of age, and he became aware of dizzi-
ness and calf cramps from 45 years of age. When the patient was 55 years of age, he suffered from leg 
weakness and was admitted to Nara Medical University Hospital. On admission, he had severe hypo-
natremia in his plasma (plasma sodium, 116 mEq/l) and had to be treated by continuous hemodiafi ltra-
tion for acute renal failure.

About two months later, when his hyponatremia and renal failure had completely improved, we 
carried out water loading and infusion of hypertonic saline4 to differentiate his type of SIADH.

Procedure

Water loading
To decrease the osmolality, oral water loading (20 ml per kilogram of body weight) was administered 
over a period of 15 minutes, and blood samples were obtained before loading, and at 30, 60, 90 and 
120 minutes after loading.
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Infusion of hypertonic saline
To increase the osmolality, 5% hypertonic saline 
was infused intravenously at a regular rate (0.1 ml 
per kilogram per minute) for 120 minutes using 
a constant-infusion pump, and blood samples 
were obtained before loading, and at 30, 60, 90 and 
120 minutes after the beginning of loading.

The plasma osmolality (Posm) and plasma 
antidiuretic hormone (ADH) levels were measured 
in the core laboratory of Nara Medical University 
Hospital. Briefl y, Posm was determined in fresh 
plasma by freezing point depression, while the 
plasma ADH level was measured in duplicate by 
a double antibody radioimmunoassay technique.

Results
Table 1 shows the Posm values and plasma ADH 
levels for water loading and infusion of hyper-
tonic saline. The Posm values were relatively low 
(273–283 mOsm/kg) and the plasma ADH levels 
were also low (0.4–0.6 pg/ml) for water loading. 
The plasma ADH levels linearly increased relative 
to Posm in the infusion of hypertonic saline. How-
ever, the rate of increase in ADH to Posm was 
lower than that in population samples (Fig. 1).

Discussion
Primary polydipsia and water intoxication are 
uncommon complications of chronic psychiatric 
patients. The pathophysiologies of these disorders are 
hyponatremia and brain edema followed by nausea, 
dizziness, ataxia, seizure and coma. Barahal5 docu-
mented the first case of water intoxication in a 
schizophrenia patient. In other studies, the ratio of 
primary polydipsia in long-term inpatients with schizo-
phrenia was found to be �20%6 while that of hypo-
natremia in psychiatric inpatients was 10.5%.7

Primary polydipsia generally develops in 
the following three phases:8 1, polydipsia and 
polyuria; 2, hyponatremia; and 3, water intoxication.
Although the pathophysiologies of polydipsia and 
hyponatremia remain unclear, they are thought to 

be induced by SIADH. SIADH is a state of ADH 
hypersecretion relative to Posm, followed by inap-
propriate free-water retention and decreased 
plasma sodium. According to Zerbe et al.3 the 
osmoregulation abnormality in SIADH takes 
several different forms. In some cases, ADH is 
secreted in a random fashion independently of the 
Posm (type A). A second form is “reset osmoset” 
(type B). In this type, ADH is completely respon-
sive to osmotic infl uences. However, because the 
threshold or set of the system is subnormal, ADH 
osmoregulation remains preserved but the initiation 
of relapse is premature. A third form is character-
ized by ADH that appears to be fi xed at inappro-
priately high levels under hypotonic conditions, 
but increases normally when the Posm exceeds the 
usual threshold values (type C). The last type is termed 
“hypovasopressinemic antidiuresis” (type D). Type D 
patients exhibit no detectable abnormalities in ADH 
secretion, yet they can neither maximally dilute their 
urine nor excrete a water load normally. This type 
of abnormality in the water balance could be due to 
either an increase in renal sensitivity to ADH or the 
presence of another antidiuretic substance, the 
details of which are not yet understood.

According to the dynamic state of Posm and 
ADH, the SIADH in the present patient was clas-
sifi ed as type D. This conclusion was based on 
several fi ndings. First, the ADH levels were not 
random relative to Posm for water loading and 
infusion of hypertonic saline (Table 1, Fig. 1), 
indicating that the SIADH was not type A. Second, 
the ADH levels was lower than that in population 
samples for infusion of hypertonic saline (Table 1, 
Fig. 1), indicating that the SIADH was not type B. 
Third, the ADH levels were low to the same level 
of those of population samples for water loading 
(Table 1, Fig. 1), indicating that the SIADH was 
not type C. Therefore, the SIADH in the present 
patient was type D, which is characterized by the 
defi cit of renal diluting function even in normal 
plasma ADH levels. This is because the ADH 
levels were consistently low, but the relationship 

Table 1. Data for water loading and infusion of hypertonic saline (Osmolalities and ADH levels in plasma).

 Time (min) 0 30 60 90 120
Water loading Posm (mOsm/kg) 283 279 273 275 276

ADH (pg/ml) 0.7 0.6 0.5 0.6 0.6
Infusion of hypertonic saline Posm (mOsm/kg) 290 298 302 305 309
 ADH (pg/ml) 0.7 0.9 1.2 1.4 1.9
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between the Posm and the ADH was linear, and 
the urine was not diluted on admission even during 
water intoxication (urine osmolality, 291 mOsm/kg). 
As for the consistently low plasma ADH levels, 
Goldman et al. reported that polydipsia could make 
ADH response slightly blunt in schizophrenia 
patients.9 These data suggest that the hypo-osmolar 
state of his plasma could have been produced by 
activated renal function with ADH despite the 
consistently low level of ADH (hypovasopressin-
emia), as we previously reported.10,11

Although a number of reports have investigated 
the different forms of SIADH in schizophrenia 
patients,12–14 only one previous report identifi ed 
type D SIADH in a schizophrenia patient with 
polydipsia by both water loading and infusion of 
hypertonic saline.11 The present report sheds 
further light on type D SIADH in polydipsic 
schizophrenic patients and represents a reminder 
of its occurrence.
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Figure 1. Relationship between ADH and Posm. Open rhombuses: water loading; solid rhombuses: infusion of hypertonic saline. The regression 
line in the patient is Y = 0.0303X – 7.8434. The dotted regression line in population samples is Y = 0.23X – 63.25, the data of which were 
obtained from healthy controls and patients without electrolyte abnormalities (n = 85, in total).15



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


