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Hypernatraemic dehydration in patients in a large hospital for the
mentally handicapped

N J Macdonald, K N McConnell, M R Stephen, M G Dunnigan

Abstract
Objective-To determine the prevalence of

hypernatraemic dehydration and to assess the
hydration and nutritional state of patients in a large
hospital for the mentally and physically handicapped;
also to assess the efficacy of an intervention pro-
gramme to reduce the prevalence of hypernatraemic
dehydration in the hospital.
Design-Prospective study of patients admitted

with hypernatraemic dehydration from a large
hospital for mentally and physically handicapped
patients (hospital A) to a district general hospital
between 1986 and 1988. In 1986 the hydration and
nutritional state of a random sample of patients from
hospital A was compared with a random sample of
patients from a small hospital for the physically and
mentally handicapped (hospital B) and with control
groups from the community. The hydration of the
patients from hospital A examined in 1986 was
reassessed in 1988.
Patients- 12 Patients were admitted from hospital

A to the district general hospital during 1986-8 (seven
women, five men; age range 29-82). In 1986, 72
patients were randomly selected for the assessment
of hydration and nutritional state from hospital A, 33
who required help with feeding and 39 who could
feed independently. Fifty patients were similarly
selected from hospital B, half of them requiring help
with feeding. In 1988 the hydration state of 60 of the
72 patients from hospital was reassessed. Control
values were taken from two published studies.

Interventions-In 1987 nursing staff in hospital A
were asked to provide between 2-5 and 3-0 litres of
fluid daily for all patients. The use of hypertonic
enemas was discontinued, and the ratio of staff to
patients was increased.
Main outcome measures-Serum concentrations

of urea and electrolytes (hydration) and body mass
index (nutritional state).
Results-Of the 10 patients admitted with hyper-

natraemic dehydration from hospital A to the district
general hospital in 1986, four died of intercurrent
infection. No patients were admitted from hospital B
with hypernatraemic dehydration during the same
time. In 1986 the hydration and nutritional state of
patients in hospital A were inferior to those in
patients from hospital B and control subjects from
the community (serum urea concentrations were 6- 1
(SD 1-8) mmolIl v 5-5 (1.9) and 5-6 (0.4) mmol/l,
respectively) 50% (36/72) of patients in hospital A
had a body mass index 20 compared with 34% (17/
50) of patients from hospital B and 12% (1141/9434)
of control subjects). After the initiation of the
preventive programme only one patient was admitted

with hypernatraemic dehydration in each of the
years 1987 and 1988. The mean serum urea concen-
tration of the 60 patients who were reassessed in
1988 fell significantly between 1986 and 1988 from
6-1 (SD 1-8) mmol/l to 5-7 (2.1) mmol/l, the value in a
control group matched for age and sex.

Conclusions- Hypernatraemic dehydration, sub-
clinical underhydration, and undernutrition were
common in a large hospital for the mentally and
physically handicapped. The problem of hyper-
natraemic dehydration was successfully dealt with
by the hospital management team. Similar problems
may be encountered in hospitals for patients who are
mentally and physically handicapped and mentally
ill, including psychogeriatric units.

Introduction
Hypernatraemic dehydration occurs when the loss

of free water from the kidney, gastrointestinal tract,
skin, and mucous membranes exceeds the intake of
water.' Hypernatraemia (usually defined as a serum
sodium concentration greater than 150 mmol/l) has a
mortality approaching 60% in adults and contributes to
the morbidity and mortality of the underlying disease.2
Patients whose response to thirst is blunted or whose
access to fluids is limited are particularly at risk of
hypernatraemic dehydration. This includes infants'
and confused or demented elderly people.4"

People who are mentally handicapped, mentally ill,
and physically handicapped might also be expected to
be at risk of hypernatraemic dehydration. There
are reports of this condition in individual psychotic
patients6 and in the rare disorder of hypodipsic
hypernatraemia associated with various congenital or
acquired brain diseases.' Hypernatraemic dehydration
resulting from predominantly environmental factors in
psychiatric institutions has not been previously
described.

In January 1986 three patients with hypernatraemic
dehydration were admitted to the medical division of
this hospital from a large hospital for the mentally and
physically handicapped (hospital A). Since then all
admissions from hospital A to this hospital have been
monitored to detect further cases of hypernatraemic
dehydration. The reasons for its occurrence have been
investigated and effective preventive measures
implemented.

Patients and methods
In March 1986 a venous blood sample was taken

from 72 mentally handicapped patients from 14 wards
in hospital A. Serum concentrations of electrolytes,
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urea, creatinine, and proteins were determined
by a sequential multiple analyser with computer
(Technicon Instruments, Basingstoke) multichannel
autoanalyser. Thirty three patients (21 men, 12 women;
median age 43; range 24-92) were also severely physi-
cally handicapped and needed help with feeding; the
remaining 39 (21 men, 18 women; median age 49;
range 24-75) could feed independently. Sixty patients
from both groups were reassessed in March 1988 to
measure the effectiveness of the preventive programme
(see below). The results were compared with those in a
control group from the community matched for age
and sex.'
As an index of nutritional state the body mass index

(weight (kg)/(height (m))2) of each patient was derived
and compared with the body mass indices in a group of
9434 normal British men and women aged 16-64.9 The
nurse staffing levels, intake of fluids by patients, and
the use of hypertonic enemas were also assessed.

In September 1986 these investigations were
repeated in a small hospital containing 95 physically
and mentally handicapped patients (hospital B). Blood
was obtained from 50 patients, of whom 25 were
severely physically handicapped and required help
with feeding (10 men, 15 women; median age 49, range
20-67) and 25 could feed independently (six men, 19
women; median age 56, range 32-72).

Statistical comparison ofpatients and control groups
was carried out with Student's paired or unpaired t test
for normally distributed results and the Wilcoxon rank
sum or Wilcoxon signed rank test for non-normally
distributed paired and unpaired results respectively.
The distributions of body mass indices were compared
with the X2 test.

Results
ADMISSIONS FOR HYPERNATRAEMIC DEHYDRATION

In 1986, 10 patients were admitted to this hospital
from hospital A with hypernatraemic dehydration
(serum sodium concentration >150 mmol/l) (table I).
All 10 patients were highly dependent and required
help with feeding. A further four patients were
admitted with biochemical evidence of dehydration
with a normal serum sodium concentration (serum
urea concentration >10 mmol/l, serum creatinine
concentration <250 [tmol/l).'0

In nine of the 10 patients with hypernatraemic
dehydration the condition seemed to have been
precipitated by intercurrent infection. The repeated
use of hypertonic enemas seemed to be a contributory
factor in three patients." In all 10 hypernatraemic
patients nursing staff had observed increasing lethargy
with feeding difficulties for a variable period of days
and weeks followed by the rapid onset of drowsiness
and mental confusion. All patients showed evidence of
hypotension and oligaemic shock on admission to this
hospital.

TABLE iI-Serum urea and creatinine concentrations in patients from
hospitals A and B compared with values in controls matched for age
and sex. I 'alues are means (SD)

Group Serum urea Serum creatinine
(mmol/l) (1mOI/l)

Hospital A
Combined (n = 72) 6-1 (1-8)* 81 (21)
Control (n= 72) 5-6 (1-4) 87 (18)
Requiring help in feeding (n 33) 6-0 (2-0) 71 (18)**
Control(n=33) 5-7(1-3) 91(19)
Independent (n=39) 6 3 (1-6)* 89 (19)
Control (n= 39) 5 4 (1-6) 83 (17)

Hospital B
Combined(n=50) 5-5(1 9) 79(19)
Control (n= 50) 5-7 (0-1) 84 (18)
Requiring help in feeding (n=25) 5 4 (1-8) 74 (16)*
Control (n=25) 6-0 (1-1) 86 (21)
Independent (n=25) 56 (2-0) 84(21)
Control (n=25) 5-3 (0-9) 83 (14)

* p<O0O1, ** p<o0OOl.

Six patients were resuscitated by intravenous
rehydration, with raised serum urea and creatinine
concentrations returning to normal. In four patients
who died clinical investigations and findings at necropsy
showed the principal causes of death (apart from
hypernatraemic dehydration) to be staphylococcal
septicaemia (table I, case 2), septicaemia caused by
Escherichia coli resulting from a perforated diverti-
culum of the sigmoid colon (table I, case 3), acute
bronchopneumonia in association with atonic colonic
dilatation (table I, case 6), and bronchopneumonia
with acute renal failure secondary to acute tubular
necrosis caused by severe dehydration (table I, case 8).

Survey of the case records in hospital B showed no
previous transfers of patients with hypernatraemic
dehydration to this hospital.

SURVEYS OF PATIENTS

The serum urea concentrations in seven of the 72
(10%) patients from hospital A were above the upper
95% confidence limit of the reference range in a normal
control group from the community matched for age
and sex' (p<0001) (table II). All 72 patients had
normal serum creatinine concentrations. Patients from
hospital A had a significantly higher mean serum urea
concentration (but not a significantly higher mean
serum creatinine concentration) than the control
group8: this difference attained significance only in the
patients who could feed independently. The findings
show a significant degree of underhydration in the
patients from hospital A. The significantly lower mean
serum creatinine concentration in the patients who
needed help with feeding reflects the lower muscle
mass of this comparatively underweight group
compared with coi2trols from the community8 (see
below).
Only two of the 50 (4%) patients from hospital B had

serum urea concentrations above the upper 95% confi-
dence limit of the control group8 (NS). All 50 patients
had normal serum creatinine concentrations. There

TABLE i-Details ofpatients admittedfrom hospital A to Stobhill Hospital with hypernatraemic dehydration during 1986-8

Sex and age Year of Serum sodium Serum urea Serum creatinine
Case No (years) admission (mmoVI) (mmoblJ) (pmol/l) Precipitating factors Outcome

1 F30 155 14 247 Respiratory infection Survived
2 M82 177 29 276 Staphylococcal septicaemia Died
3 F75 151 52 572 Escherichia coli septicaemia and Died

perforated colonic diverticulum
4 M65 150 19 119 Dysphagia; cause unidentified Survived
5 F74 157 17 348 Respiratory infection Survived
6 M51 1986 171 25 173 Bronchopneumonia and atonic colonic Died

dilatation; phosphate enemas
7 M29 184 39 474 Pyrexial illness; phosphate enemas Survived
8 F65 197 84 1128 Bronchopneumonia and acute Died

tubular necrosis
9 F48 168 35 509 Pyrexial illness; phosphate enemas Survived
10 F36 150 13 70 Respiratory infection Survived
11 F56 1987 151 10 54 Respiratory infection; anticonvulsant Survived

toxicity
12 M54 1988 153 30 707 Chronic renal failure Survived
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TABLE III-Body mass indices in patients from hospitals A and B and in control subjects from community.'
Values are numbers (percentages) ofpatients or subjects

Body mass index

Group %20 21-25 26-30 31-35 36-40 >40

Hospital A
Requiring help in feeding 25 (76) 4 (12) 2 (6) 2 (6)
Independent 11(28) 11(28) 11(28) 6 (15)

Hospital B
Requiring help in feeding 11(44) 12 (48) 2 (8)
Independent 6(24) 9(36) 6(24) 3 (12) 1(4)

Community
Control 1141(12) 4958(53) 2669(28) 521(6) 145(2)

were no significant differences in the mean serum urea
or creatinine concentrations of patients from hospital B
as a whole compared with the control group from the
community.8 Again, the significantly lower mean
serum creatinine concentration in patients who
required help with feeding reflects their lower muscle
mass.

Patients from hospital A had a significantly higher
mean serum urea concentration (but not a significantly
higher mean serum creatinine concentration) than
those from hospital B (p<005). Differences between
the subgroups were not significant. The results suggest
that the hydration of patients from hospital B was
superior to that of their counterparts from hospital A.

NUTRITIONAL STATE

As judged by body mass indices all 72 patients from
hospital A regardless ofwhether they needed help with
feeding were significantly leaner than the controls from
the community9 (in all three groups p<0001; table
III). Seven (10%) of the patients from hospital A had
low total serum protein concentrati
eight (11%) low serum albumin coI
g/l).

Patients from hospital B were si
than controls from the community
significance was lower than that in
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March 1986 March 1988

hospital A (p<001; table III). The patients who
needed help with feeding were also significantly leaner
than the controls9 (p<0 001) but significantly heavier
than their counterparts in hospital A (p<0 01). Five of
the 50 (10%) patients from hospital B had low total
serum protein concentrations (<62 g/l) and seven
(14%) low serum albumin concentrations (<36 g/l).

FACTORS CONTRIBUTING TO DEHYDRATION

In March 1986 hospital A contained 979 patients, of
whom 197 (20%) were highly dependent and required
help with feeding. The number of highly dependent
patients in the 10 wards containing most of the highly
dependent patients ranged from 10 to 17 (median 15).
The number of independent patients in these wards
ranged from 8 to 36 (median 32). Each ward was
usually staffed by one qualified nurse (registered or
enrolled) and three unqualified care assistants (nurse
to patient ratio about 1:10). Staffing levels were clearly
inadequate, and staff were often moved at short notice
to provide cover for sickness or absences due to
holidays.

In many wards fluid intakes were low (estimated at
between 1 0 litre and 1-5 litres daily per head). Twenty
five of the 33 (76%) patients who required help with
feeding and 12 of the 39 (31%) patients who did not
received occasional or regular hypertonic phosphate
enemas for constipation. Many wards were warm (75°F
or over), leading to increased insensible water loss.

Staff to patient ratios were better in hospital B (about
1:5). Fluid intake was monitored and a target of about
3 litres daily was set for patients who needed help with
feeding. Hypertonic enemas were not used.

ions (<62 g/l) and PREVENTIVE MEASURES
ncentrations (<36 After identification of the problem the unit manage-

ment team initiated prompt preventive measures.
ignificantly leaner Various fluids were made available on demand and
,9 but the level of nursing staff were set a target of giving patients who
the patients from required help with feeding between 2 5 and 3 -0 litres of

them daily. The use of hypertonic phosphate enemas
was stopped. Additional nursing staffwere recruited as
part of the Greater Glasgow Health Board's mental
health strategy for the hospital.

In January 1988 the hospital was revisited, nursing
staff being then aware of the need to provide ample
fluids for dependent patients. Several nurses
commented spontaneously that constipation was now
much less of a problem. In most wards staffing had
been increased to two qualified nurses and three care
assistants. Sixty of the 72 patients assessed in March
1986 were reassessed in March 1988. Mean serum urea
concentration fell from 6-1 (SD 1 8) mmol/l in March
1986 to 5-7 (2 1)mmol/I in March 1988 (p<0 001;
figure). The results show that the hydration of patients
was improved: in March 1988 the mean serum urea
concentration was identical with that in a control group
from the community matched for age and sex8 (5-7
((1 -2) mmol/1). This reduction was also significant in
patients who did not need help with feeding (p<O-OO 1).
The number of patients admitted with hyper-

natraemic dehydration to this hospital from hospital A
fell from 10 in 1986 to one in 1987 (associated with
anticonvulsant toxicity) and one in 1988 (associated
with chronic renal failure). Four patients were admitted
with biochemical evidence of dehydration with a
normal serum sodium concentration in 1986, five in
1987, and two in 1988, associated with a range of
diseases.

March 1986 March 1988

Group requiring help Independent group
with feeding

Response of serum urea concentrations to increased fluid intakes in
patients requiring and not requiring help with feeding in hospitalA

Discussion
Hypernatraemic dehydration was common in

hospital A in 1986. The contribution of individual risk
factors to the occurrence of this dangerous condition

BMJ VOLUME 299 9 DECEMBER 19891428

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.299.6713.1426 on 9 D
ecem

ber 1989. D
ow

nloaded from
 

http://www.bmj.com/


is unquantifiable as several were operating simul-
taneously in the environment of hospital A. These
proved particularly hazardous for patients whose ability
to experience thirst, to express a desire for fluids, or to
obtain fluids was limited by severe mental and physical
handicap. One qualified nurse and three care assistants,
fed, toiletted, and dressed up to 17 highly dependent
patients who could not drink or eat without help and
supervised up to 32 independent patients. Fluid
intakes were barely adequate, and in some patients
fluid depletion may have been accentuated by hyper-
tonic enemas, which were used mainly in patients who
needed help with feeding. The condition of these
patients was thus readily precipitated into severe
dehydration by intercurrent infection. Excessive use of
psychotropic drugs (major and minor tranquillisers,
anticonvulsants, and lithium) did not seem to be a
significant risk factor for hypernatraemic dehydration
in patients from hospital A, with one exception (see
above).

Patients from hospital A were leaner than both
patients from hospital B and controls from the
community, and nearly three quarters of those from
hospital A who required help with feeding were
underweight9 (body mass index -20; table III).
Though in many patients this reflects disuse atrophy of
muscles associated with cerebral palsy at birth, direct
observation suggested that the intakes of food were
often inadequate given the difficulty in feeding highly
dependent patients when staffing is inadequate.
The appointment of a senior dietitian to hospital A

has permitted a preliminary assessment of patients'
dietary intakes. A one day weighed dietary survey of
the food intakes of six patients chosen at random from
each of eight representative wards was completed in
February 1989. The mean (SD) energy intake of 28
patients who could feed independently (6711 (1201)
kJ), although suboptimal, was significantly greater
than that of 20 dependent patients who required help
with feeding (5092 (1607) kJ; p<0 001); this seemed to
be inadequate.

In March 1989, 69 underweight independent and
dependent patients were provided with high protein
nutritional supplements in soups and puddings and as
drinks. These were designed to provide an extra 60 g
protein and 2510 kJ for each patient. After one month
all but three of the 69 patients gained weight from a
mean of 47 7 (9-8) kg to that of 49 4 (9-9) kg (p<0001;
M Kennedy, personal communication). Taken with
the body mass indices, the results suggest that a
proportion of patients in hospital A (particularly those
requiring help with feeding) were undernourished.
The longer term results of the nutritional supplement
programme and of a recently completed five day
weighed dietary survey of a further group of patients
from hospital A will be published in due course.

Hospital B had no record of patients being admitted
to our hospital with hypernatraemic dehydration. As
noted, the hydration and nutritional states of patients
from hospital B were superior to those of patients from
hospital A. These differences are attributable to better
staffing levels, higher intakes of fluid, lower ambient
ward temperatures, and the lack of use of hypertonic
enemas.
The prompt action of the unit management team

resulted in a considerable reduction in the number of
patients admitted with hypernatraemic dehydration in
1987 and 1988 accompanied by a significant improve-

ment in the hydration of patients. This response
suggests that the former prevalence of hypernatraemic
dehydration in the hospital was mainly due to environ-
mental factors.
We have found no previous reports of environ-

mentally determined hypernatraemic dehydration in
long stay hospitals for the mentally handicapped,
mentally ill, and physically handicapped in the United
Kingdom or elsewhere. A report of hypernatraemic
dehydration in elderly patients in a private nursing
home in the United States described this condition as
"an indicator of neglect."4 There was no evidence of
deliberate neglect of patients in hospital A, but the
finding of hypernatraemic dehydration drew attention
to major inadequacies in patient care. Responsibility
for this state of affairs lies with a series of previous
senior NHS managements and not with the hospital's
nursing and medical staff, who have been struggling
for years with grossly inadequate resources. These
deficiencies are being slowly rectified by the Greater
Glasgow Health Board's mental health strategy for the
hospital.
The computer in the biochemistry department of

our hospital identified 10 patients in 1986 who had
severe hypernatraemic dehydration (serum sodium
concentration >170 mmol). Of these, four came from
hospital A (979 patients), three from a neighbouring
psychiatric hospital (765 patients), and only three from
homes in the hospital's catchment area (estimated
population 210 000). The possibility of life threatening
hypernatraemic dehydration should be considered
wherever mentally handicapped, mentally ill, or
physically handicapped patients are looked after in
large institutions, particularly when the institutions
are isolated from acute district general hospitals and
nursing and medical staff are few. Psychogeriatric
patients may also be at risk. The results from hospital B
show that small, adequately staffed, and efficiently
managed hospitals are well equipped to provide
physical care for highly dependent, mentally and
physically handicapped patients.

We thank the medical, nursing, and administrative staff of
Lennox Castle (hospital A) and Broomhill Hospitals (hospital
B) for their cooperation in making this investigation possible.
We also thank Mrs Marissa Kennedy, senior dietitian,
Lennox Castle Hospital, who carried out the dietary investi-
gations reported in this paper.
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