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“Bowel prep hyponatremia“ – a state of
acute water intoxication facilitated by low
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Abstract
Background: Symptomatic hyponatremia is considered a rare complication of oral bowel preparation for
colonoscopy. The pathophysiology underlying this phenomenon has been widely regarded as a mere sequela of
excessive arginine vasopressin (AVP) release.
Case presentation: This case describes a 61-year old woman who developed acute hyponatremic encephalopathy
when preparing for elective outpatient lower endoscopy. She had had negligible oral solute intake for two days and
ingested four liters of clear fluid within two hours. On admission, the patient was agitated and had slurred speech.
Treatment with hypertonic saline lead to full recovery. A brisk aquaresis confirmed acute dilutional hyponatremia.
Conclusion: Apart from elevated AVP-levels, the amount and speed of fluid intake and concomitant low-solute intake
constitute important risk factors in the development of clinically relevant hyponatremias in patients undergoing
colonoscopies. Understanding that the cause of sodium imbalance in this scenario is multifactorial and complex is
pivotal to recognizing and ideally preventing this complication, for which we propose the term “bowel prep
hyponatremia”.
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Background
Colonoscopy is the gold standard method for colorectal
cancer screening with millions being performed each
year [1, 2]. A prerequisite for high quality examinations,
oral bowel-cleansing preparations have been demonstrated to be safe for use in individuals without significant
comorbidities. On rare occasions, however, profound electrolyte abnormalities can ensue [2]. While the role of the
various purgatives and the effect of non-osmotic arginine
vasopressin (AVP) release as a trigger for hyponatremia in
this clinical setting have been extensively discussed, the
importance of two other contributory factors, namely
preceding low dietary solute intake and the amount and
speed of concomitant water intake, has not been
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appreciated to date. Free water clearance is significantly
impaired if solute intake is markedly decreased and
electrolyte-free water intake is high, predisposing individuals to dilutional hyponatremia, as exemplified by our
case. In all, this scenario is reminiscent of acute hyponatremia in marathon runners. When preparing for colonoscopy, the inevitably restricted diet plays a crucial role in
the development of what we propose to call “bowel prep
hyponatremia“.

Case presentation
A 61-year-old woman was admitted because of sudden
onset of confusion and slurred speech. In preparation
for an elective outpatient colonoscopy she had commenced bowel preparation four hours earlier with sodium picosulfate/magnesium citrate (PICOLAX ®). As
instructed, she had ingested two liters of water and two
liters of tea, albeit within two hours. Shortly thereafter,
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she felt nauseous, dizzy and vomited repeatedly. Her
husband found her confused with unintelligible speech
and unsteady gait and called the ambulance.
On physical examination, the patient appeared agitated
and her speech was incomprehensible. She weighed
56 kg and her height was 168 cm (BMI 19.9 kg/m2).
Vital signs were as follows: Afebrile, blood pressure 132/
66 mmHg, pulse 82 beats/min. The patient was clinically
euvolemic and could follow verbal commands. No lateralizing signs were found on neurological examination
but generalized tremor was present. Acute CT scanning
of the brain did not reveal any abnormalities.
Her medical records showed a history of hypothyroidism
for which she took levothyroxine. She was a non-smoker
and did not drink alcohol. Family history was unremarkable
and there was no history of diuretic use or anorexia, as corroborated by her husband.
In the emergency department, biochemistry results
were as follows: Serum sodium 122 mmol/l, potassium
3.1 mmol/l, chloride 87 mmol/l, BUN 14.8 mg/dl, creatinine 1.1 mg/dl, uric acid 4.1 mg/dl, glucose 108 mg/dl.
Serum osmolality was 251 mOsm/kg. In view of the
patient’s symptoms and the clear time of onset, acute
hyponatremia was deemed likely and treatment with
hypertonic saline (3%) at a rate of 50 ml/h was commenced. Urine osmolality was not done on admission but
was 232 mOsm/kg with a urinary sodium of 39 mmol/l
when tested two hours later. Thyroid-stimulating hormone was suppressed under replacement therapy. The sodium level increased to 128 mmol/l within the ensuing
four hours. In parallel, the patient’s symptoms abated.
Twelve hours after admission, she had voided 2600 ml of
urine and her mentation and electrolytes had normalized.
On further questioning, it transpired that the patient
had had very limited food intake prior to the scheduled
procedure. On the day before admission (two days before the endoscopy appointment), her diet consisted of
carrot-ginger soup with white bread for lunch and rusk
with tea for dinner. The next day, a breakfast consisting
of two slices of plain toast and a cup of coffee, followed
by a broth at lunchtime, was all she had to eat. No additional salt had been added to her meals. Furthermore, the
patient had been taking a nonsteroidal anti-inflammatory
drug (NSAID) for the last five days because of shoulder
pain (Diclofenac 50 mg bid). A diagnosis of hyponatremic
encephalopathy due to acute water intoxication facilitated
by poor dietary solute intake was made. On follow-up
appointment 1 week later, the patient was well and
electrolytes were normal. Adrenal function was tested
and found to be intact.

Discussion and conclusions
Essentially a disorder of water balance, hyponatremia is
the most prevalent electrolyte abnormality in clinical
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practice [3]. Acute hyponatremia is frequently associated
with major neurologic manifestations including seizures,
coma, permanent brain damage, and death [3, 4]. It is often
encountered in hospitalized patients, typically in the postoperative state in the context of pain and nausea, both
well-known triggers of non-osmotic AVP-release, and concomitant treatment with electrolyte free water solutions
such as 5% dextrose. The development of hyponatremia in
the extra-hospital setting is less well recognized. Exerciseinduced hyponatremia, for instance following marathon
runs, constitutes a prime example; in this setting, high fluid
intake and non-osmotic AVP-release are main contributors
to acute water intoxication, too [5]. In a chart review involving more than thousand hyponatremic patients presenting to an emergency department, only eleven patients
(0.8%) were identified with acute hyponatremia [4].
Colonoscopy remains the method of choice for evaluation of the large intestine [6]. Adequate colonic cleansing
is crucial for the quality of the examination and various
purgative regimens are available to this end. While polyethylene glycole (PEG) is still considered the prototypical
agent, picosulfate/magnesium citrate (PICOLAX ®) was
found to be equally effective and is regularly used in
Europe [7]. Although generally safe in the healthy
population, significant adverse effects have been reported following bowel preparation and encompass
pulmonary aspiration, anaphylaxis and electrolyte disturbances, amongst others [8, 9].
Acute water intoxication in preparation for colonoscopy was first reported by Schröppel et al. [9]. Their patient was a 59-year old woman who had ingested 7 liters
of fluid over a 7-h period. Her sodium was 122 mmol/l
on admission and her clinical course was strikingly similar
to our patient’s.
In 2003, Ayus and colleagues reported the clinical
course of three patients who developed profound dysnatremias as a complication of elective colonoscopy [10].
While two male patients exhibited significant comorbidities and proceeded to undergo endoscopy, ultimately
with a fatal outcome, the index patient was a comparatively healthy woman of 62 years who developed status
epilepticus after bowel preparation and was found to
have severe hyponatremia (116 mmol/l).
Since then, more than a dozen additional cases of
symptomatic “bowel prep hyponatremia” have been reported in the medical literature [11–20]. In these cases,
the median patient age was 69.5 years with only two
patients younger than 50 years; 17 of 18 patients were
female. The role of the various purgatives is discussed
extensively in these reports and the principal pathophysiological focus is placed on the risk of volume
depletion following bowel preparation triggering AVPstimulation [19, 21]. Accordingly, patients are generally
encouraged to drink fluids liberally [16, 21].
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However, information is scarce on two other crucial
aspects of renal water handling, namely the amount of
dietary solute intake before endoscopy and the characteristics of concomitant fluid ingestion. Specifically, none
of the previous reports specified the particular dietary
components prior to endoscopy in detail and only limited information is given with regard to the amount and
speed of fluid intake (Table 1).
Renal water excretion is largely guided by AVP release.
While its main determinant is plasma osmolality, several
non-osmotic stimuli such as nausea and anxiety exist. In
a case series involving 40 patients, raised AVP concentration after bowel cleansing but prior to endoscopy was
found in 25% [20]. Therefore hyponatremia in this context has been traditionally regarded as a mere form of
excessive AVP release [18, 20].
The importance of dietary solute intake is a lesser
known facet of renal water excretion. A normal kidney
can excrete urine with a concentration in the range of
50 mOsm/kg to 1200 mOsm/kg. Although the diluting
capacity decreases with age, it generally allows for a
broad range of water intake without the development of
dilutional hyponatremia [22]. Up to 20 liters of water may
be ingested over a 24-h period before serum sodium concentration begins to fall [23]. However, this assumes consumption of a normal diet containing adequate salt and
protein. The average western diet yields approximately
800 mOsm of solutes per day, mainly derived from urea

generation through protein metabolism, in addition to
dietary electrolytes (mainly sodium and potassium) [24].
As demonstrated elegantly by Berl, urine excretion is
dependent on solutes in urine that act as osmoles [22].
The maximum volume of urine excretion per day can be
estimated by dividing the total daily solute excretion
(roughly equal to the amount of solute intake) by the
minimum urine osmolality in a given patient. If the
minimum urine osmolality is 50 mosm/l (i.e. maximally
dilute urine), then the daily urine volume will be 16 liters maximally (800 mOsm/day/50 mosm/kg = 16 l/day);
in other words, the maximum water excretion per hour
is approximately 700 ml. However, if sodium and overall
food intake is limited, daily solute load can fall to
250 mOsm [23]. Under such circumstances, the maximum
urine volume per day is only 5 liters (250/50), or about
200 ml per hour. If more fluid is ingested, particulary in a
short period of time, dilutional hyponatremia will ensue.
Consequently, restricted diets, when accompanied by copious water intake, can culminate in hyponatremia, with beer
potomania constituting the prototypical example. Other
forms of poor nutritional intake have been associated
with hyponatremia, such as ovolactovegetarism, “tea
and toast“diet“ of the elderly and “crash diets“ [25–27].
The underlying pathophysiological phenomenon has been
dubbed “low solute hyponatremia“ [23]. Obviously,
temporary food restriction is part of the preparation
for colonoscopy; dietary regimens for colonic cleansing

Table 1 Characteristics and presentation of patients with symptomatic hyponatremia related to bowel preparation reported in the
literature
Reference

Age

Gender

Na Nadir

Presentation

Prep

Time

Diet

Uosm

UNa

UK

4

54

f

119

Bizarre behavior

4.5 l PEG

-

-

-

-

-

9

59

f

120

Seizure

3 l PEG-ELS + 4 l tea

7

-

185

22

5

10

62

f

116

Seizure

4 l PEG-ELS + water

-

-

-

-

-

11

75

f

116

Seizure

SP

-

-

-

-

-

11

64

f

111

Seizure

SPS/MC

-

-

-

-

-

11

24

f

132

Seizure

SP

-

-

-

-

-

12

79

f

108

Coma

“cathartics”

-

-

-

-

-

13

73

f

117

Seizure

PEG + 64 ounces of Gatorade

-

-

390

146

35.7

14

80

f

110

Seizure

SPS/MC

-

-

-

-

-

15

70

f

110

Seizure

4 l PEG + 3 l water

-

-

-

-

-

15

65

f

127

Seizure

4 l PEG

-

-

-

-

-

16

34

m

117

Encephalopathy

Bis + Man + > 6 l water

-

small breakfast, broth

-

-

-

17

57

f

120

Rhabdomyolysis

SPS/MC + Bis

-

liquid diet for 3 days

-

67

24

18

69

f

113

Seizure

4 l PEG

-

-

344

122

28.5

19

76

f

112

Seizure

SPS/MC

-

-

370

-

-

Present case

61

f

122

Encephalopathy

2 l SPS/MC + 2 l tea

2

broth, rusk for 2 days

232

39

-

Abbreviations: Na-Nadir lowest serum sodium concentration recorded (mmol/l), Prep type of bowel preparation used and amount of fluid ingested in preparation
for endoscopy (l), time speed of fluid ingestion (hours), U osm urine osmolality (mosm/l), UNa urine sodium (mmol/l) Uk urine potassium (mmol/l), PEG polyethylene
glycol, PEG-ELS PEG/electrolyte lavage solution, SP sodium phosphate, SPS/MC sodium picosulfate/magnesium citrate, Bis/Man bisacodyl/mannitol
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incorporate clear liquids and low-residue foods “during
one to four days” [6].
Our patient’s diet on the two days preceeding her
scheduled examination was virtually devoid of protein
and sodium. Although we cannot specify exactly the
amount of solutes ingested within the two days before
admission in this case, it seems to be within the range of
a previous case report [27].
The quantity and speed of water intake is another factor which merits emphasis. Although the manufacturer
of PICOLAX ® recommends drinking “approximately
250 ml per hour of water or other clear fluid while the
washout persists”, this advice was neither heeded by our
patient nor was the recommended speed of fluid intake
specified in the information leaflet [28]. Furthermore,
leaflets occasionally instruct patients to “disregard the
manufacturer’s instructions” [16]. Symptomatic hyponatremia can be induced by an acute water load in various
scenarios, for instance prior to a sonographic examination or urine drug testing [29, 30]. As our patient
ingested four liters of water within just two hours (about
70 ml/kg), her renal capacities for water elimination
were obviously overwhelmed. Again, only one previous
case report specifies the speed of fluid intake [9].
In theory, agents that induce an osmotic diarrhea
should not allow relevant intestinal water absorption.
However, there is anecdotal evidence of sodium and
water retention after bowel preparation with PEG [31].
Furthermore, PICOLAX® is a combined formulation,
one sachet containing magnesium oxide, sodium picosulfate and citric acid. While magnesium citrate is an osmotic laxative, sodium picosulfate is a pro-drug that is
hydrolyzed by colonic bacteria to the active metabolite,
which acts as a stimulant laxative [32]. Physiologically,
most intestinal fluid is absorbed in the small bowel, consequently, rapid transit of the agent into the colon could
allow subsequent water ingestion to be absorbed efficiently.
The patient presented was water intoxicated, but her
urine was not maximally dilute, although urine osmolality was less than serum osmolality. Notably, low urine
osmolality is not consistently found in low solute hyponatremia, as shown in a review involving 22 cases of
beer potomania [24]. In our case, urine osmolality on
admission is not known but a value of 232 mOsm/kg a
few hours later is in keeping with ongoing AVP secretion, with various causes described above [20].
The brisk aquaresis after treatment with hypertonic saline renders support to our hypothesis that low solute
intake contributed to the development of the hyponatremia. As described in cases of beer potomania or psychogenic polydipsia, the supplementation of osmotic agents
(such as protein or salt) swiftly increases urine production, because the ratio of solute intake or excretion to
urine osmolality determines urinary volume.
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Lastly, NSAID are known to augment AVP effects and
our patient’s diclofenac intake may have increased her
vulnerability for water intoxication [5].
To avoid potentially devastating complications, we
suggest to instruct patients at risk, in particular women
above 50 years of age, to ensure liberal salt intake and
sufficient protein intake on the days before endoscopy
and to refrain from overdrinking, manifested in weight
gain. Split-dose bowel-prep regimens, as opposed to
day-before regimens, may be superior in this regard [33].
Hyponatremia has been dubbed “a forgotten consequence of bowel preparation for colonoscopy” [34].
When too much fluid is ingested in too little time,
concomitant low dietary solute intake is a fundamental
factor predisposing patients to “bowel prep hyponatremia”, particulary in the context of ongoing AVP secretion. Understanding that the cause of sodium imbalance
is multifactorial is pivotal to recognizing and ideally preventing this complication.
Abbreviations
AVP: Arginine vasopressin; BMI: Body mass index; CT: Computed
tomography; NSAID: Nonsteroidal anti-inflammatory drug
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