
INTRODUCTION

Excessive water ingestion sometimes leads to water 
intoxication in which hyponatremia causes fatal cere-
bral edema. Water intoxication is a disorder that 
causes euvolemic hypotonic hyponatremia. Water in-
toxication due to excessive water ingestion needs to 
be differentiated from the syndrome of inappropriate 
secretion of antidiuretic hormone （SIADH）. Most pa-
tients with water intoxication due to excessive water 

ingestion have very low levels of arginine vasopressin 
（AVP） and a urine osmolality that is very low （less 
than 100 mOsm/L）. By contrast, a patient with SIADH 
has high AVP levels and a high urine osmolality 

（greater than 500 mOsm/L）1）. However, there are 
some recent cases in which water intoxication due to 
excessive water ingestion seems to be complicated by 
SIADH2〜4）. We report a case of water intoxication 
complicated by SIADH, which occurred after a patient 
drank too much lemon tea. We also discuss why it is 
possible for these two opposing pathophysiological pro-
cesses to coexist.

CASE REPORT

A 60-year-old Japanese woman presented with dis-
turbed consciousness, dysarthria, faintness, and nausea. 
She had been diagnosed with nervous depression and 
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SUMMARY
We experienced a case of water intoxication due to excessive water ingestion that was complicated by 

the syndrome of inappropriate secretion of antidiuretic hormone （SIADH）. A 60-year-old Japanese woman 
with nervous depression drank too much lemon tea within several hours, vomited ten times, and developed 
disturbed consciousness and dysarthria. Her plasma arginine vasopressin （AVP） concentration was not in-
hibited, although her plasma osmolality was low. Nausea and/or stress may stimulate AVP secretion regard-
less of the hypo-osmolality. We believe that dilatation of her stomach due to excessive liquid ingestion and 
cerebral edema due to hypo-osmolality brought on her nausea. Stress induced by a psychiatric problem 
and/or admission to a hospital may also stimulate AVP secretion by the central nervous system. Treating 
nausea and stress may help reduce AVP secretion and resolve hyponatremia.
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were hemoglobin, 12 .7 g/dL；hematocrit, 32 .7％；red 
blood cell count, 376×104/mL；white blood cell count, 
10 ,900/mL. Her level of aspartate amino transferase 
was 66 IU/L；alanine transaminase, 23 IU/L；lactate 
dehydrogenase, 470 IU/L；total bilirubin, 1.5 mg/dL；
total protein, 6.3 g/dL；albumin, 3.75 g/dL；blood urea 
nitrogen, 6 .0 mg/dL；creatinine, 0 .4 mg/dL；creatine 
kinase, 2790 U/L；creatine kinase-MB fraction, 38 .5 
U/L；C-reactive protein, 4 . 5 mg/dL；and glucose, 
91 mg/dL. Her serum electrolyte values were：sodium, 
109 mEq/L；potassium, 3.3 mEq/L；chloride, 70 mEq/
L；and calcium, 9 .0 mg/dL. The anion gap was 12 .1 . 
On the second day, her plasma osmolality （actual val-
ue） and urine osmolality were 235 mOsm/L and 283 
mOsm/L, respectively.

The endocrinological aspect was studied on the third 
day. Her blood data did not indicate adrenal insuffi-
ciency；her basal plasma cortisol concentration was 
21.4 mg/dL and ACTH was 15.4 pg/mL. The data indi-
cated a non-thyroid illness （FT4 , 1 .49 ng/dL；FT3 , 
1 .22 pg/ml；TSH, 1.17 mU/mL） and inappropriate se-
cretion of AVP （plasma AVP concentration, 2 .3 pg/
mL；plasma osmolality 247 mOsm/L）.

Head, chest, and abdominal computed tomography 
showed unremarkable findings. An electrocardiogram 
was within normal limits.

She was diagnosed as having water intoxication. In-
travenous fluid therapy （half saline＋sodium chloride） 
from day 1 to day 6 was administered in the intensive 
care unit （Fig. 1）. She improved gradually. On the 
fourth day, her consciousness was completely clear 
and she was able to speak without difficulty. On the 
third and the sixth days, her plasma AVP secretion 

treated with nitrazepam for several years as a psychi-
atric outpatient. She seldom drank alcoholic beverages, 
and she smoked 40 cigarettes per day. There was no 
history of polydipsia. Her family history was unre-
markable.

In September 2009, she drank too much lemon tea 
within several hours. She then vomited ten times, and 
presented with dysarthria and faintness. Two days af-
ter her polydipsia, her family came home by chance 
and found her in a disturbed state of consciousness 
with fifteen, two liter plastic bottles which were empty 

（30 liters）. They observed her behavior for one day；
however, she did not improve. She was subsequently 
admitted to a room in the emergency division of our 
hospital.

On admission, she was in a comatose state, but re-
sponded to painful stimulus by brushing away the ex-
aminer ’s hand. Her blood pressure was 1 2 8 / 8 2 
mmHg；heart rate, 94 beats per minute and regular；
and respiratory rate, 24 breaths per minute with snor-
ing-like breathing. Body temperature was 35 . 7°C. 
There was no sign of dehydration. There was no ede-
ma in her limbs. Heart sounds were clear and heart 
rhythm was regular without audible murmurs or fric-
tion sounds. Breath sound was normal and without 
crackles or wheezes. The abdomen was flat and soft, 
and bowel sounds were normal. Pupils were equal and 
mildly dilated but reactive to light. She spoke thickly 
and had difficulty in speech. There was no sign of mo-
tor or sensory palsy.

Arterial blood gas analysis revealed a pH of 7.583；
PaO2 , 88 .6 mmHg；PaCO2 , 29 .2 mmHg；and HCO3

-, 
26.9 mEq/L under room air. Her hematological values 
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Fig. 1　Clinical course

Serum Na+ 109     122     123     125     122     125     130     133     135     138      140      138           mEq/L

Day  1         2         3         4         5         6         7         8         9        10        11   1 month later

Serum K+ 3.3     2.6      2.9      3.3      3.0      3.5      3.4       3.0      3.0      3.4       3.6       4.7           mEq/L
Serum Cl- 70      80       88        90       88       91       98       97      101     103      104      100           mEq/L
Plasma Osm           235    247     248      248     250     260     265     274     278      286      291       mOsm/L
Plasma AVP                      2.3                            1.4 pg/mL
Urine Na+ 36                                       135    160      207     227      83      153      224                      mEq/L
Urine Osm              283                             395    496      682     648    600      469      648                  mOsm/L

Na+ intake     99      293     302     249     249      77                                                                       mEq
Water intake 500   3000   2500   2000   2000    500                                                                                     mL
Urine output 330   2290   2740   2556   1884   1190   1083   1105    627     700 mL

Regular diet (every food)

Admission Discharge
Intravenous fluid therapy 
(half saline + sodium chloride)



Water intoxication due to excessive water ingestion complicated by SIADH

ter a water load in schizophrenic patients with com-
pulsive water drinking10）. Water intoxication due to 
excessive water ingestion and SIADH can also coexist 
in other types of psychiatric patients11,12）. On the other 
hand, the coexistence of water intoxication and SIADH 
has been seen in non-psychiatric patients 2〜4）. There-
fore, the coexistence of water intoxication due to ex-
cessive water ingestion and SIADH is not attributable 
only to psychosis.

Is it possible that there was not enough time for hy-
po-osmolality to inhibit AVP secretion in our patient? 
The half-time of AVP is 5.6 minutes13）. When the plas-
ma AVP was studied in our patient, four days had al-
ready passed from the episode of excessive ingestion 
of lemon tea. Therefore, we believe that there was 
enough time for hypo-osmolality to inhibit AVP secre-
tion in our patient.

We emphasize that nausea plays an important role 
in the development of SIADH with water intoxication 
due to excessive water ingestion （Fig. 2）. Nausea is 
probably the most potent factor for stimulating AVP 
secretion, leading to as much as a 500-fold rise in cir-
culating AVP levels 14）. Excessive water ingestion ini-
tially leads to nausea because of a full stomach. In hu-
mans, the volume of the empty stomach is 200 mL and 
the volume of the stomach 30 minutes after a solid 
meal is 787 mL15）. It is not well understood how much 
liquid is needed to mechanically cause nausea, but we 
can definitively say that a liquid volume exceeding the 
stomach’s volume can cause nausea and/or vomiting. 

was not inhibited despite a low plasma osmolality. She 
began a regular diet without water restriction on the 
sixth day. She did not drink too much water, and was 
discharged on the eleventh day. In a one-month fol-
low-up after discharge, her serum concentrations of 
sodium and plasma osmolality were within normal lim-
its without episode of polydipsia.

DISCUSSION

AVP secretion is ordinarily inhibited when the plas-
ma osmolality is below 275 mOsm/L5）. In the present 
case, AVP secretion was not inhibited, although the 
plasma osmolality was 247 mOsm/L. Therefore, we 
could not help concluding that this patient had inap-
propriate AVP secretion. A urine osmolality that ex-
ceeds the plasma osmolality is compatible with SIADH. 
But the patient’s history of drinking too much lemon 
tea within several hours indicated water intoxication 
due to excessive water ingestion.

Is it possible for the opposing pathogeneses of water 
intoxication due to excessive water ingestion and 
SIADH to coexist? There are some cases of water in-
toxication due to excessive water ingestion coexisting 
with SIADH that was caused by the use of certain 
drugs such as “ecstasy”6,7）, fluoxetine8）, and oxcarba-
zepine9）. Among these candidate drugs, our patient 
had taken only nitrazepam. As far as we know, there 
are no reports of nitrazepam being associated with wa-
ter intoxication or SIADH. It is well accepted that 
there is an insufficient inhibition of AVP secretion af-
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Fig. 2　Possible mechanism of AVP secretion under low plasma osmolality
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（3,4 methyldioxymethamphetamine） ingestion. Eur J 
Emerg Med 11：302-304, 2004.

 7） Traub SJ, Hoffman RS, Nelson LS：The “ecstasy” 
hangover：hyponatremia due to 3 , 4 -methylene-
dioxymethamphetamine. J Urban Health 79：549-
555, 2002.

 8） Ozturk S, Ozsenel EB, Kazancioglu R, et al：A case of 
fluoxetine-induced syndrome of inappropriate antidi-
uretic hormone secretion. Nat Clin Pract Nephrol 4：
272-282, 2008.

 9） Mavragani CP, Vlachoyiannopoulos PG：Is polydipsia 
sometimes the cause of oxcarbazepine-induced hy-
ponatremia? Eur J Intern Med 16：296-297, 2005.

 10） Hamazoe K, Hazama H, Nishikawa M：Water intoxi-
cation and syndrome of inappropriate secretion of an-
tidiuretic hormone in schizophrenic patients evaluated 
by water deprivation and load tests. Jpn J Psychiatry 
Neurol 40：595-602, 1986.

 11） Riggs AT, Dysken MW, Kim SW, et al：A review of 
disorders of water homeostasis in psychiatric patients. 
Psychosomatics 32：133-148, 1991.

 12） Raskind MA, Orenstein H, Christopher TG：Acute 
psychosis, increased water ingestion, and inappropri-
ate antidiuretic hormone secretion. Am J Psychiatry 
132：907-910, 1975.

 13） Fabian M, Forsling ML, Jones JJ, et al：The clearance 
and antidiuretic potency of neurohypophysial hor-
mones in man, and their plasma binding and stability. 
J Physiol 204：653-668, 1969.

 14） Kock KL：Nausea and vasopressin. Lancet 337：
1133-1134, 1991.

 15） Burton DD, Kim HJ, Camilleri M, et al：Relationship 
of gastric emptying and volume changes after a solid 
meal in humans. Am J Physiol Gastrointest Liver 
Physiol 289：G261-G266, 2005.

 16） Rolih CA, Ober KP：The endocrine response to criti-
cal illness. Med Clin North Am 79：211-224, 1995.

 17） Clich D：Syndrome of inappropriate antidiuretic hor-
mone secretion associated with stress. Lancet 1：
1131-1132, 1982.

 18） Edwards CM, Carmichael J, Baylis PH, et al：Argin-
ine vasopressin：a mediator of chemotherapy-induced 
emesis? Br J Cancer 59：467-470, 1989.

 19） Gross P：The author reply：Treatment of hypona-
tremia–a complex problem in psychiatric practice. In-
ter Med 47：2199, 2008.

In our patient, the ingestion of 30 liters of lemon tea 
within several hours is believed to have been enough 
to induce nausea mechanically. In addition, hypo-osmo-
lality caused by willfully ingesting excessive water can 
lead to cerebral edema, which then induces nausea.

It is generally accepted that stress is a cause of 
AVP secretion16 ,17）. With excessive water ingestion, 
stress may also play a role in AVP secretion （Fig. 2）. 
AVP secretion is ordinarily inhibited in hypo-osmolali-
ty. However, there may be some patients in whom the 
stress-induced stimulation of AVP secretion exceeds 
the inhibition of AVP secretion by hypo-osmolality.

One hypothesis proposes that plasma AVP concen-
tration may prove to be an objective marker for nau-
sea18）. However, how long nausea and vomiting have 
to persist to bring about hyponatremia has not been 
well established19）. Further study is required to deter-
mine whether some anti-emetics can inhibit AVP se-
cretion. Treating stress may reduce AVP secretion. 
Based on these concepts, more investigations are need-
ed to determine whether anti-anxiety medications 

（which do not induce SIADH） could be effective in the 
medical treatment of SIADH.

REFERENCES

 1） Dundas B, Harris M, Narasimban M：Psychogenic 
polydipsia review：etiology, differential, and treat-
ment. Curr Psychiatry Rep 9：236-241, 2007.

 2） Yalcin GY, Oguz KK, Shorbagi A, et al：Hyponatrem-
ic encephalopathy after excessive water ingestion pri-
or to pelvic ultrasound：neuroimaging findings. In-
tern Med 49：1807-1811, 2010.

 3） Iwazu Y, Honma S, Fujisawa G, et al：Hyponatremic 
seizure associated with acute respiratory infection. 
Clin Exp Nephrol 11：230-234, 2007.

 4） Bhargava R, Lewandowski BJ：Water intoxication：a 
complication of pelvic US in a patient with syndrome 
of inappropriate antidiuretic hormone secretion. Radi-
ology 180：723-724, 1991.

 5） Decaux G, Musch W：Clinical laboratory evaluation 
of the syndrome of inappropriate secretion of antidi-
uretic hormone. Clin J Am Nephrol 3：1175-1184 , 
2008.

 6） Brvar M, Kozelj G, Osredkar J, et al：Polydipsia as 
another mechanism of hyponatremia after “ecstasy” 

80 DJMS


