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tvely hospitalised. Sixteen children who developed
severe symptomatic hyponatraemia either "died or
sutfered permanent brain damage. Unlike the situation
in adults, both males and females were adversely
affected among these children. |

Patients and methods

Prospective studies— Qver a period of six years (1984-
90) we were consulted about 16 previously healthy
children (aged under 16) who had developed sympto-
matic hyponatraemia and either died or suffered
permanent brain damage. These 16 pauents were seen
in consultation from five tertiary and nine community
hospitals. The age of the children was 7 (SD 5) years
(range 1-5to 15 years), and the gender distribution was
nine males and seven females. The mean weight was
23:8 (12'9) kg (range 10 1o 52 kg). Symptomatic
hyponatraemia developed within five days of admis-
ston to the hospital. |

Epidermiological studies—We retrospectively studied
all surgical admissions to a 456 bed tertiary paediatric

university teaching hospital over three years (1989-91).

The records of all paediatric (age under 16) surgical
paticnts were evaluated for those who had postopera-
tive hyponatraemia (serum sodium concentration 128
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are presented as means (SD). Symptoms were not
known in three patients, who were either too young
(less than 18 months) or intubated and thus unable to
vocalise any complaints. Of the remaining 13 patients,
I1 had progressive lethargy, weakness, nausea, and
emesis and 12 had headache. All patients suffered
respiratory arrest after a mean of 37 hours (range three
to 120 hours) from the start of intravenous fuid
administration.

CLINICAL COURSE

At admission the serum sodium concentration was
133 (£) mmol/l. As early as two hours after starting
hypotonic fluid administration those patients able to
communicate became progressively more lethargic and
complatned of headache and nausea, with subsequent
emesis. All such symptoms were generally unrespon-
sive to conventional agents (phenothiazines and.
narcotics). After a mean of 37 hours all 16 patients
suffered respiratory arrest, at which time the serum
sodium concentration was 115 (7) mmol/l and urine
osmolality 676 (66) mmol/kg, This level of urine
hypertonicity in the presence of hyponatraemia sug-
gests that the plasma antidiuretic hormone concentras
tion was raised.” The onset of respiratory arrest was
often explosive in nature, and hyponatraemia was
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generally not considered as a possible cause.,
Immediately after respiratory arrest but before
oxygen administration or intubation the arterial
oxygen tension was evaluated in 11 patients and was
6:0 (1-5) kPa. During the 37 hours between the time of
admission and onset of respiratory arrest the patients
had recetved a mean of 125 (83) ml hyvpotonic intra-
venous fluds per kg daily. Urine output was 34 (34) ml/
kg per day and other fluid losses averaged 28 (25) ml/kg
per day (nasogastric suction, n=2; emesis, n=10;
cercbrospinal uid drainage, n=1; not charted, n=3)
with mean net output of 74 (82) ml/kg daily and net
positive fluid balance of only 27 (14) ml/kg per day.
Hyponatraemia in these children was thus largely due
to extenstve extrarenal loss of electrolvte containing
ftuids with replacement by hvpotonic fluids. Most of
the intravenous fluids were administered as 280 mmol
glucose per litre etther in water or in sodium chloride
38 mmol/l, but the plasma glucose concentration was

mmol/l or less) and the number who either died or
suffered permanent brain damage as a result of the
hyponatraemia. The epidemiological data were gener-
ated by computer search of the hospital records using
the SAS database™ to obuain information on all pacdi-

“atric surgieal patients who had a postoperative serum
sodtum concentration of 128 mmol/l or tess. There
were 24412 consccutive inpatient operations over the
three years ended 31 December 1991, [n addition, we

~ caleulated an approxtmation of the incidence of hypo-
natracmic brain damage in children in the United
States from our epidemiological data plus a staristical
database from the medical fiterature ™

1
e
", *

At

oy
LY N

Uy
e 4

s e

REH?.. Aoty X I
I

i F - Tkt
S DR

IHI-J"
s _ "
- i"'l"!_,‘ . ._ - P A0 £ LI
PO "i;-l-' M T N i i _,; S a oy ""_-.'lhll-i-l_ o L] ;F
e N N L TP T S A S v o TSR .
!. -.t‘ -"..-.'pl. ‘. " '..1 . - ; »- - ,.'-:.pti-l‘ T ﬂ'..‘- o -'ll"_ h-_:l : A " - r
e T s Al R .
AL oy . Y ¥
!‘.1 - R Il Srtyhey
*or J"'lt- ; el
"l.l.._- . i
ihh'-h’ﬂ .,-lr

vty

1‘“':. e ; .-.!.. I ':q L St Il' A - 1
- -t L) L] - A

T
L L
"l!#“q,"!
-
ohinty :
» oy l-‘_ ey i:*r #-:;.i[:- . o
L] -

hy
oyl Ltk
St g

+?','T'$-:"1, t4 T,
iy f
P

Results
STUDY PATIENTS

The table shows the clinteal circumstances which
resulted in hospitalisation of the 16 patients. Al data
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AESRMICal characiertstics of 16 children with svanptomete ivponatracntia
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Durstimn of

Serum soedium HEavetons

(mmol/l; fhid Net uid
and age  Weipht treytmetit et fud ouput Respiratory  Treatment after
2 .(_3":“‘5) Il Laowest (hoursy  intake tmbke gmbkge ™ Clinical history Flospiad procedures areest FESPITRIOrY drrest Clinteal outcome
'fr*,M 35 |39 F1d 46 246 222 Fever, dysphagia, Antibiotics Ffuids Yes 154 maMsodium Vegetative,
i phuryigetis, tonsilits chiorude gqudriplegta
f ;i 41 23 b 0 33 :]:nrnlsfllii£5 :I'nn:;iilua:tnm}* Yes Nue D}ud
oo 34 15 2] 14 NA O Tonsilis Fonsillectomy Yus None Phred
_TM {5 34 (] 74 |64 73 Pever, dvsphagta, Antibroties + Huids Yes P34 and S 14 mM Aspiration
phaevngivs, tonstlios sodium chioride PICUMONIGL, SEPSTS,
M 3s C e s e died
AT F38 121 9 ¢ > Tonsillitis Ponsttlectomy Yes None Died
S 12 137 120 33 57 [} Elbow [raeture from Setking of fracture Yes S maM o sodium - Ambulatory, mental
ciar aecident chloride; T retardation
EREE | 4 6. ) { o * - * . intubation |
T 2o 4 139 LS 27 HOY ?h Elbow fracture from fall - Setting of tracture ‘zru:; None D;ud
Vi & 10-0 137 RE 8 3 NA - Stricture ol urethira; Urcthral difatation; Yes None Died
0 1. . ) tonstlits tonstectomy | _
AR ‘6 137 | 14 120 283 253 Hydrocephalus Ventriculoperitoneal Yes INon Vegetative
gl M X o ' shun}ing | ' .
gILy 27-0 137 120 32 , 79 NA  PFractures from car Operative setting of Yes None Vegetative
ey "*'-“5‘ accident fractures
"":'_J-* - 320 |38 )2 94 87 N7 Fractures from ear Operative setting of Yes PS4 mM sodium YVegetative and blind
ey acctdent fructures chioride;
Tt intubation
Tk 4 16-8 | e | . . infu .
M 2 ' 138 (07 16 88 6 Touasithits _ Foositlectomy Yes  None Dicd
MG | 15:3 [ 38 16 3 323 NA EJI}dcsct:qdud FL‘SIIEIL‘ Orchu};}uxy | &:L:S None Dfﬂd
M1 20 138 19 12 44 1] bﬁuvuru CpIstaxls Pnstunuf packing ﬁrcs Nuone D!ud
%‘:3 < 137 23 19 34 9  Fever, appendicitis, Appendicectomy plus Yes Non Diwd
e F 12 ruptured appendix dratnoye
5’ soh 285 F34 F16 66 F13 72 Pnewminont Antibwories Ffluids Yes None Vegetative
3 ¥§ N8 138 1S 37 |25 74
_ }1 _i_.-f i gg 2 7 34 %3 ¥1 o A ‘ ‘ q Lﬂ,ﬂ . -
. A 1 2 Y 21 2] ' '. 0 M - | Q
e A O S - rro )
N T :,j‘*‘:}% +gastric drainage Feerebrospinad Huwd., NA = Notavailable,
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serum sodium concentration rose swithout treatment)  brain damage can include pItuitary ;makp&‘mﬁ
from 4.8 mmol/! to 164 mmol/l and the glueose  resultant central diabetes InﬁlplduS and 1 ‘o “
concentration o 311 mmol/l, None of these patients  svndrome not pr{_vmmh deseribed in Ch]l
had been treated for their hyponatracmia. incidence of pos t()pcrull‘s C hVDOHHH‘aﬁmIa in

* (0-34%) was less than in adults (1-49 0).21 1y
OUTCOME | among paediatric patients who developed sym D
All 16 patienty either died or suffered permanent  hvponatracmia the incidence of pemen
brain damage (table): one was mentally retarded, 10 ddmage WS aubatantmlly higher than in aé {1@,; .;'
died, and fve were i oa persistent vegetative state Both the types of surgery and f"mder dlsmhhﬁfﬂ'
which persisted for follow up ntervals of at feast two  among our 16p*11;1{:m (table) were the Same aq mza% £
Voars, Twelve patlents received no specific treatment common operations and gender dla(flbur_}_gn *-ﬂL -'
(or their hvponatraemia. Of these, nine died and three United States as a whole,™ and thus oug 1§ l' _'
rermained nog persistent vegetative states” our were erruf_nL.inm of the spectrum of electiva “”f@ o

: .-~ e"”hﬁ‘“&“ﬂ
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}()3 (9110 Hf{{{ smmol/] in 44 hours, The average delay mmdmm” Huids and ntravenous mplac&mmi Lttt

FOIT eI Llitm* arrest o stact of treatment was cight  hypotonte Quids Ctable) in the presence OfaﬁUdiu}{gg% éﬂ
huumw A four patients were comiatose, apnoecte, and  hoermone actvity, Increased plisma concentrationy 4.,{3“ T
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whereas at necropsy nine of 10 evaluated had cerebral  chloride (514 mmol/l) should be infused as des-
oedema with herniation. These findings show that cribed,*"* such that the serum sodium concentration
adequate adaptation of the brain to hyponatraemia had  is increased to 125-130 mmol/l but by no more than 25
not occurred. There are several unique characteristics  mmol in the initial 48 hours. In addition to hypertonic
of the paediatric central nervous system which may sodium chloride, treatment may include intubation
impatr the ability to adapt to hyponatraemia. Such  and assisted mechanical ventilation when required.
characteristics may include physical factors resulting |

from differences in the ratio of intracranial capacity to This work was supported by grant RO108575-01A2 from
brain size, cerebrospinal fluid volume, and brain water the National Institute on Aging, National Institutes _of
and electrolyte content. Health, Bethesda, Maryland, and by the research service

‘ - : : of the Veterans Affairs Medical Center, San Francisco,
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£3 ,.
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followed by extrusion of sodium from brain cells.** Center, for help in preparing the database and the medical

Later adaptation includes loss of potassium and poss-  records department of the Children’s Hospital, Houston,
ibly amino acids, which act further to decrease brain  Texas, for help in preparing the statistical data.

cell osmolality and ltmit the gain of water.!™ In

humans and laboratory animals brain water content is

more than 25 times higher in the young, decreasing  Addendum .

progressively with age.* "™ In children the ratio of brain Atter submisston of this paper a report appeared describing
to skull size is such that there is less room for expansion 3+ paediatric patients with water intoxication.” Two of the
of the paediatric brain in the skull than there is in  patients became hyponatraemic secondary to intravenous
adults. ™ As adulis age there is 2 pngFESSi'&'E decline in h}’pf}t{}ﬂlﬂ flutd ndmlmstratmn (serum sodium concentrations

the brain volume whereas skull size remains constant, ™ 112 and 114 mmol/l). Both suffered respiratory arrest and
. ‘ ‘ ’ died, and at necropsy both had cerebral oedema. These two
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n fluid and electrolyte requirements for healthy children. In acute disease or

¢ expenditure, ‘nsensible water losses, and urine output are frequently much

of the reference values). Furthermore, this approach fails to
tral role in the distribution of water between fluid

namely that it focuses 0
following surgery, calori
less than in health (often 50-60%
recognise the importance of tonicity with 1ts cen
compartments (intracellular and extracellular space).

We therefore agree with Moritz and Ayus who advocate <otonic solutions such as 0.9% saline for
routine fluid maintenance i children.?® Hypotonic solutions. such as 0.18% or even 0.45% saline,

are potentially dangerous when renal water excretion is limited by ADH. This raises a significant

: .al-barrier to conducting a randomised control study as most acutely ill or postoperative patients

et
have increased ADH levels. There are faw occasions in medicine where mortality could be reduced

by a task as simple as changing from a hypotonic maintenance solution to an isotonic one.
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FOOTNOTES

* Crawford calculated caloric expend:

The calculated caloric expenditure at-eac
by cross-referencing surface area to weight using standard growt

urface area rapidly declines from birth to 10 kg. The Holliday an

into account.B2 '

" From the data .of Talbot &
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Hyponatraemia after orthopaedic surgery

Ignorance of the effects of hyponatraenmia after surgery is widespread—and

damaging

atrogenic injury is an unfortunate reversal of the
physician’s role. To cause the death or brain dam-
age of a patient has to be the physician’s worst
transgression; particularly if the causes are well known,
simple, and reversible. Each is true of acute postopera-
tive hyponatraemia, but, despite repeated warnings, the
condition remains common. According to a recent
estimate based on prospective and retrospective
stuclies, 20% of women who develop symptomatic
hyponatraemia die or suffer sertous brain damage,
totalling 10 000-15 0000 cases every year in the United
States and Western Europe.

An elderly temale friend of ours is a classic
example. Some months ago she underwent a routine
knee replacement operation, Before the operation her
lood  sodium concentration  was 134 mmol/l—
borderline hyponatracmia—attributable to her long
Lerm use of thiazide diuretics. After the operation she
vomited frequently and received 6 litres of 5% dextrose
saline over two days before passing o a coma. Her
blood sodiwm concentration measured on the second
day after surgery was 115 mmol/l, but electrolyte
disttrbance  was  disregarded. by the orthopaedic
doctors as a potential cause of coma until the medical
team were called the next day. Socdium concentrations
were restored to 134 mmol/1 over live days, leaving our
friend with mild—but permanent—cognitive impair-

ment. The hospital concerned “apologises unreserv-

edly” but confessed ignorance about the risks of
hyponatraemia after joint replacement surgery.
Although the literature 1s full of similar examples,
too many orthopaeclic surgeons seem unaware of the
dangers of hyponatraemia or its characteristic neuro-
logical symptoms. Perhaps the reason lies partly in the
scatter of relevant publications: most of the articles are
published in journals dedicated to neurology, urology,
anct acute care; only a handhul of reports refer specifi-
cally to orthopaedic surgery™™; and neither the Royal
College of Surgeons nor the British Orthopaedic
Association publishes guidelines, Many articles focus
on tighty defined issues, such as the association
between thiazide diuretics and hyponatraemia,® to the
exclusion of a more general overview. As a result, four

- fundamental pmblems have arisen: ciinicians fail to

recognise patients at high risk ot hyponatraemia; disre-
gard the dangers of routine Infusions of hypotonic

fluids; confuse early symptomns of hyponatraemia with

postoperative sequelae, and attribute the serious

’
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- neurological symptoms of hyponatraemic encepha-

lopathy to other conditions such as stroke.
Postoperative hyponatraemia is provoked by surgi-
cal stress, which causes a syndrome of inappropriate
antidiuretic hormone in almost everyone, often
promoting water retention for several days. ” " Women
are more affected than men, as a result of their smaller
tuid volume and other sex related hormonal factors.”
Premenopausal women and children are prone to
brain damage at sodium concentrations as high as
128 mmol/l. Postmenopausal women do not usually
become  symptomatic until sodium  concentrations
have tallen below 120 mmol/l, although normal symp-
toms can occur at higher levels if the rate of change is
rapic™” Importandy, normal ageing impairs fluid
homoeostasis and therefore increases the visk of major
perturbations in sodium and water balance, especially
severe hyponatraemia,’ The rvisk of hyponatraemia

camong elderly people s compounded by chronic

discases and lone term medications. It particular,
many wonien requiring orthopaedic surgery also take
thtazide diuretics to control hypertension.” Thiazides -
are well known to induce mild hyponataemia and
have been linked to the rapid onset ol serious post-
operative complications.”” |
Women at risk of hyponatraemia are imperilied by
routine infusions of isotonic dextrose, Patients recover-
g from swrgery metabolise glucose almost immedi-
ately, so “isotonic” dextrose mftusions are in effect
hypotonic. Since the 1950s numerous reports have
linked hypotonic mtusions with death or permanent
brain damage in postoperative patients.! Recent
authoritative reviews warn against routine infusions of
dextrose,' ** even stating explicitly: “the rationale for
using hypotonic fluids in postoperative patients is cliffi-
cult to discern and has no place in the mocdern practce
of medicine” Volumes as low as 3-4 litres over two
days may cause convulsions, respiratory arrest, perma-
nent brain damage, and death in women who were
healthy before admission.”® Most of these cases go
unrecognised and are ascribed to condiuons such as
stroke, arteriovenous malformation, subarachnoid
haemorrhage, or herpes encephalopathy, even when
blood sodium concentrations are known,”
Early symptoms of hyponatraemia (such as
weakness, nausea, vomiting, and headache) can be
cdistinguished from postoperative sequelae on the
basis of sodium concentrations. Timing also helps
discrimination: many patients tolerate surgery without

Obﬁ/q"’ | JC)“‘““ 4%’2“ 1363
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complications, being able to talk, walk, and eat before
symptoms of hyponatraemic encephalopathy develop.

Treatment is simple and should be prompt: the risk of
not treating acute cerebral oedema far exceeds the
small risk of osmotic demyelination from treatment.’
Fluid infusions should be restricted to normal or
hypertonic saline and sodium concentrations moni-
tored every two hours.'** The aim is to raise serum
sodium by 1-2 mmol/l per hour (depending on the
severity of neurological symptoms) until symptoms
resolve.' * A loop diuretic such as frusemide (furosem-

1 Fraser CL, Ariefl Al Epidemiology. pathophysiology and management of

hyponatremic encephalopathy. Am f Med 1997102:67-77.

Malin JW, Kolstad K, Hozack W}, Rothman RH. Thiazide-induced

hyponatremia in the postoperative otal jomtreplacement patient. Ortho-

pedics 19407;20:681-3.

3 Tolias CM. Severe hvponatracmiis in elderly patients: cause for concern.
Amn R Coll Surg Engl 1995;77:346-3

4  Heornick P Allen P Acute hyponatraemia following total hip replacement.
Br | Clin Pract TOH44:776-7.

| g

ide) may be used to enhance free water excretion and
hasten the restoration of normal sodium concentra-
tions. ' * Iatrogenic hyponatraemia is inexcusable, It is
time that doctors woke up to the risks.

Nick Lane Hanm‘mji research fdiaw

University Department of Surgery, Roval Free and University College
Medical School, London NW3 2006 (nicklane@aol.wm)

Kathryn Allen Honorary research associate

Deparument of Neurochemistry, Institute of Neurology, London
WCIN 3BG

b Ayus JC, Arieff AL Brain damage and postoperative hyponatremia: the
role of gender. Newrology 1996;46:323-8.

6  Kumar §, Ber] T Sodijum. Electrolyte quintet. Lancet 1998;352:220-8,

7 Miller M. Hyponatremia: age-related risk factors and therapy decisions.
Geriadrics 19413:53:32.42,

8 Ariefl’ AL, Hyponatremia, convulsions, respiratory wrest, and permanent
brain damage after elective surgery in healthy women. N Engl | Med
1486;314:1520-35,

Dietary manégement of hepatic encephalopathy

100 mawny myths persist

yths are difficult to dispel and may delay good
evidence based cinical practice. This is
lustrated well by a paper in this week’s issue
on the dictary management of hepatic encephalopathy
in paticnts with cirrhosis (p 1391)." Protein restriction in
symptomatic patents with hepate encephalopathy has
been the cornerstone of treatment since the 1950s,” yet
there is no evidence that it has any clinical benefit,
Hepatic encephalopathy is a syndrome of impaired
mental status and abnormal neuromuscular function
which results from major failure of hver function.

Important tactors conmbuting to it are the degree of
portosystemic shunting, and,

hepatocellular failure,
exogenous  factors hLiLh as  sepsis and  varice

blewed:mg3 The pathogenesis of the syndrome is 5(11
uncertain, although current  hypotheses include
impaired hepatic detoxification of ammonia absorbed
from the gut’ and an increase in aromatic amines,
which are precursors for false transmitters in the
brain—for example, octopamine—and which alter the
balance between neuronal excitation and neuronal
inhibition.”
benzodiazepine receptors in  hepatocellular failure
suggests that the y-amimnobutyric acid-benzodiazepine

o

1

inhibitory neurotransmitter system may be nnplicated

in the development of hepatic encephalopathy.’

Protein resmricton as a treatment convenienty
began with 20 g protein/day and, with clinical recovery,
10 g increments were introduced every 3-5 days, as tol-
erated by the patient, to a limit of 0.8-1.0 g/kg body
weight’; this was considered sufficient to achieve a
positive nitrogen balance. This practice continues
despite evidence showing that patients with stable
cirrhosis have a higher protein requirement than nor-
mal, around 1.2 g/kg dry body weight to remain in
positive balance.’

Protein energy malnutriuon, defined by anthropo-
metric criteria, may occur in 20-60% of patents with

ciirhosis depending on the severity of the hver disease.”

1356+

[furthermore, mcreased expression of

[t is a common finding, with causative factors which
include anorexia, nauseq, malabsorption, and a hyper-
metabolic state. Intake may he further reduced by use
of unpalkitable low protein diets, already restricted in
sodim and had.

In 1997 the European Society for Parenteral and
Enteral Nutrition published consensus  guidelines
recommending that the daily protein intake in patients
with liver disease should, if possible, be around 1.0-
1.5 g/kg depending on the degree of hepatic
decompensation.” The guidelines also recommended
that in patients who were mtolerant of dicetary protein

5 g protein/kg should be used transiently and that.

the remainder of their requirements should be
achieved by giving branched chain amino acids.” How-
ever, not all studies agree on the use of branched chain
amino acids.” Furthermore, aggressive enteral nutri-
tional support of patients with alcoholic liver disease
accelerates improvement without exacerbating hepatic
encephalopathy.” Taking smaller meals more often

and eating a late evening meal also improve nitrogen

balance without emcei*bating encepha-
lopathy.” This may a
protein as opposed to animal proteins.”

The dilemma for the clinician arises in patients

with acute hepatic encephalopathy, where increasing

hepatic

protein intake may worsen the condition in 35% of

patients.’ Use of branched chain amino acids may
improve nmuogen balance but without producing any
clinical improvement in the encephalopathy.” How-
ever, there 1s no consensus about the rate at which

dietary protein should be reintroduced and at what

clinical stage this 1s appropriate—the key points for the
clincian.

Soulsby and Morgan provide recent evidence of

perpetuanon of the myth of protein restriction in
patients with encephalopathy and, perhaps more

alarmingly, that this therapy is used in patients with cir-

rhosis who have no neuropsychiatric impairment.! We

BMJ VOLUME 318

Iso be achieved with vegetable |
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| Hyponatremia and
hypernatremia

A systematic approach to causes and their correction

Pamela J. Fall, MD

VOL 107 / NO 5 / MAY 1, 2000 /
o POSTGRADUATE MEDICINE

CME learning objectives

® To learn an approach to patient evaluation for
hyponatremia and hypernatremia
® To identify patients at risk of complications from
hyponatremia and hypernatremia
¢ To understand how to safely and effectively treat
, hyponatremia and hypernatremia
This page is best viewed with a browser that supports tables

Preview: Disorders of sodium and water metabolism are

common in hospitalized patients and are occasionally
Y encountered in outpatients. Both hyponatremia and

hypernatremia can cause substantial morbidity and
mortality, and ironically, incorrect treatment can add to the
problem, In this article, Dr Fall outlines a general approach
to evaluation and management of both conditions, with
recommendations on safe and effective therapy.
Fall PJ. Hyponatremia and hypernatremia: a systematic
approach to causes and their correction. Postgrad Med 107
(5):75-82
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smotic forces determine the distribution of water

between body fluid compartments. Each compartment has
one major solute. Sodium is primarily extracellular, whereas
potassium is primarily intracellular (1). In general, cell
membranes (except for the renal medulla) are freely
permeable to water, Therefore, water moves across a cell
membrane until osmotic pressure is equal in the two
compartments. This property allows brain cells to swell in
the face of hyponatremia or shrink with hypernatremia, and
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it is responsible for the neurologic manifestations of acute
sodium disorders.

The osmolality of a solution is defined by the number of
solute particles per kilogram of water. The extracellular
osmoles consist primarily of sodium salts, glucose, and urea.
Serum osmolality is defined by the following equation:

Serum osmolality = (2 X Na) + (glucose + 18) + (urea =
2.8) |

Under normal conditions, glucose and urea contribute
minimally to serum osmolality. Osmolality is determined
“primarily by the serum sodium concentration. Serum
osmolality is tightly regulated between 275 and 290
mOsm/Kkg, primarily through the influence of antidiuretic
hormone (ADH). Osmoreceptors in the hypothalamus detect
serum osmolality changes as small as 1%. An increase in
serum osmolality or a decrease in the effective circulating
o volume can enhance the thirst mechanism. Likewise, water
( excretion is controlled by ADH, and an increase in serum
) osmolality or a decrease in circulating volume can stimulate
ADH release. These changes in water intake and excretion
maintain serum osmolality within the normal range.

- Hyponatiremia

Hyponatremia reflects an abnormal ratio of sodium to water
and is defined as a serum sodium concentration of less than
135 mEqg/L. It usually results from retention of water
secondary to impairment in free water excretion.
Occasionally, hyponatremia is due to sodium loss exceeding
that of water (eg, thiazide-induced hyponatremia). Elderly
women may be susceptible to this condition (2).

Excretion of free water has two general requirements: (1)
generation of free water and dilute urine by reabsorption of
sodium chloride without water in the ascending limb of the
loop of Henle, and (2) excretion of this water by
maintenance of impermeability to water (no ADH) in the
collecting duct. ADH release is maximally suppressed at a
serum osmolality of 275 mOsm/kg, as depicted in figure 1
(not shown) (3).

H-\"'.':"\-u.r-"‘"

Because the capacity to excrete water is so great, water
retention leading to hyponatremia occurs only when there is
a defect in renal water excretion or when the system is
overwhelmed (eg, in primary polydipsia). The normal daily
osmolar load is about 10 mOsm/kg of body weight, and
urine can be diluted as low as 50 mOsm/kg. Consequently, a
/70-kg (154-Ib) person can excrete up to 14 L (14.8 qt) of
urine daily.

Clinical features

>lgns and symptoms of hyponatremia are primarily related

to the central nervous system. In hyponatremia, the osmotic

pressure gradient favors movement of water into brain cells,

resulting in cerebral edema. The brain has adaptive | UTV
capabilities that serve to minimize cell swelling, but in

patients with acute development of hyponatremia, this

adaptation cannot occur (4). |

Carly manifestations of hyponatremia include anorexia, Qi l/_) i ] C}i _
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nausea, lethargy, and apathy. More advanced symptoms
include disorientation, agitation, seizures, depressed
reflexes, focal neurologic deficits and, eventually, Cheyne-
Stokes respiration (5). Coma and seizures usually occur only
with acute reduction of the serum sodium concentration to
less than. 120 mEq/L (6).

Hence, clinical manifestations of hyponatremia correlate with
the serum sodium concentration and, more important, with
how rapidly the condition developed. The mortality rate of
hyponatremia has been cited as ranging from 5% to 50%,
depending on severity and acuity of onset (7).

Diagnosis

The diagnostic process in hyponatremia involves performing
thorough history taking and physical examination and
obtaining three basic laboratory values: serum osmolality,
urine osmolality, and urine sodium (5). This information is

- Used to determine the cause of hyponatremia and help guide

therapy. Common causes of hyponatremia include the
syndrome of inappropriate ADH and depletion of effective
circulating volume.

Important information to obtain in history taking includes
use of medications (particularly thiazide diuretics), recent
vomiting, diarrhea or excessive sweating with hypotonic fluid
ingestion, recent surgery, and a history of psychiatric illness,
congestive heart failure (CHF), cirrhosis, or nephrotic
syndrome with renal failure. Physical examination should
focus on assessment of volume status and include
orthostatic vital signs, skin turgor, mucous membrane
appearance, jugular venous distention, findings of edema,
and wedge pressure and central venous pressure if
available.

The initial laboratory measurement needed in evaluation of
hyponatremia is serum osmolality. A common cause of
hyperosmolar hyponatremia (ie, serum osmolality >290
mOsm/kg) is hyperglycemia; hypertonic infusion of mannitol
(Osmitrol) is a less common cause. Isosmolar hyponatremia
(le, normal serum osmolality of 275 to 290 MmOsm/kg) may,
rarely, be caused by pseudohyponatremia from either severe
hyperlipidemia or hyperproteinemia. The finding results from
the method used to measure the serum sodium
concentration and does not represent true hyponatremia.
Hypo-osmolar hyponatremia (ie, serum osmolality <275
mOsm/kg) is the most common type. Causes are listed in
table 1 and are the focus of the remaining discussion.

Table 1. Differential diagnosis of hypo~osmolar
nvponatremia

Volume status and condition Urine sodium
concentration

(mEq/L)

" " bk A X
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Hypovoiemic

Renal joss (through diuretic use, salt- >20
wasting nephropathy,
hypoaldosteronism)

Gastrointestinal loss (through <10
vomiting, diarrhea, tube drainage)

..................
.........
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Skin loss (through sweating, burns, <10
cystic fibrosis)

Peritonitis <10

ey PR w— ek b B j—
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Euvolemic

Antidiuretic hormone (ADH) excess >30
(through syndrome of iInappropriate

ADH, use of thiazide diuretics or oral
hypoglycemic agents)

Pain | | >30
Postoperative state (including >30
transurethral prostatic resection
syndrome)
Cortisol deficiency >30
" Hypothyroidism >30
| Decreased solute intake | Variable
} - Psychogenic polydipsia Variable
| Resetting of osmostat (pregnancy, Variable

psychiatric disorders) |

Hypervolemic

Congestive heart failure é’lO
Cirrhosis | | <10
Nephrotic syndrome - <10
Acute and chronic renal failure >20

The next measurement needed in evaluation of
hyponatremia is urine osmolality. This value indicates
whether water excretion is iImpaired. Normally, when the

( body is faced with a water load, serum osmolality is
decreased, ADH is suppressed, and excess free water s
excreted in very dilute urine (osmolality as low as 50
mOsm/Kkg). Patients with hyponatremia and urine osmolality
of iess than 100 mOsm/kg are appropriately excreting very
dilute urine, as occurs in primary polydipsia and resetting of
the osmostat (ie, a form of the syndrome of inappropriate
ADH In which serum osmolality is reset downward to a new
threshold). In patients with resetting of the osmostat, a
serum sodium concentration between 125 and 130 meg/L. is
usually maintained, with appropriate excretion of dilute urine
during water loading. However, most patients with
hyponatremia have urine osmo ality of more than 200 r-‘
mOsm/kg, reflecting impairment in water excretion, | -

The final step in evaluation of hyponatremia is to measure

the urine sodium concentration and use this finding in

conjunction with volume status to determine the cause of

hyponatremia and help guide therapy. In general, & spot

test showing urine sodium concentration of less than 30 UTvV
MEq/L differentiates patients with hypovolemic

hyponatremia from patients with euvolemic hyponatremia

(who have urine sodium concentration greater than 30

mEq/L on spot testing) (table 1) (8). (Spot testing of urine L
- H0IA- 119 4§Y
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sodium concentration can also be helpful in identifying
hypervolemic nyponatremia.)

In interpreting urine sodium concentration, the following
caveats should be considered: A high urine sodium
concentration may be found in patients with volume

depletion secondary to a renal cause of salt wasting (eg,
adrenal insufficiency, thiazidediuretic use), metabolic
alkalosis, or osmotic diuresis (eg, from hyperglycemia). The
so-called sodium-avid states of CHF, cirrhosis, and nephrotic
syndrome all typically have a low urine sodium concentration
unless patients are taking a diuretic, whereas renal failure
tends to cause a high urine sodium concentration (table 1),

Treatment
Much has been written about treatment of hyponatremia and
the potential adverse outcome of central pontine
myelinolysis (9,10). This condition is demyelination of the
pons, which can lead to mutism, dysphasia, spastic
. quadriparesis, pseudobulbar palsy, delirium, coma, and even
E death.

On the basis of observations in both animals and numans, it
appears that aggressive treatment of hyponatremia that has
been present for longer than 24 to 48 hours IS responsible
for development of central pontine myelinolysis. Raising the
serum sodium concentration more than 25 MEQ/L or to 3
normal or above-normal level in the first 48 hours increases
the likelihood of central pontine myelinolysis. In addition,
certain patients have a greater propensity for the disorder
(eg, alcoholics, elderly women taking thiazide diuretics,
patients who are malnourished or hypokalemic, burn
patients) (11).

Treatment of hyponatremia varies depending on whether
symptoms are present (11-14),

In asymptomatic patients: When symptoms are absent,

the focus of therapy should be on identifying and correcting

the underlying cause of hyponatremia. If a patient is judged

. to be hypovolemic on the basis of clinical assessment and

B urine sodium concentration, normal saline solution should be

| administered initially to correct the extracellular fluid volume
deficit. If a patient is hypervolemic, salt and water
restriction is key.

Most patients with CHF or nephrotic syndrome maintain a
serum sodium concentration of more than 125 MEg/L, even
with marked increase in ADH levels. Patients with CHF can
be treated with inotropes, afterjoad reduction, and loop
diuretics in addition to salt and water restriction. Loop
diuretics are the mainstay of therapy in patients with
nephrotic syndrome, and if these agents are unsuccessful,
dialysis may be warranted. |

For patients who are euvolemic and hyponatremic, therapy
consists primarily of water restriction. Again, treating the
underlying cause is important (eg, withdrawing a thiazide
diuretic, initiating hormone therapy for hypothyroidism or
adrenal insufficiency) and may correct the hyponatremia.
When the cause of the syndrome of inappropriate ADH is
unknown or not treatable, other methods can be used,
including increased dietary protein and salt and use of urea,
loop diuretics and, rarely, demeclocycline hydrochloride

1.}‘://‘-7‘/' VW DOStoradmed carmi/icoriac /0NN /OE AN C 11 1.
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(Declomycin).

In symptomatic patients: Patients with acute
symptomatic hyponatremia are candidates for aggressive
treatment (11,14). In this condition, acute nyponatremia
develops so quickly (within 48 hours) that the brain has little
time for adaptation. It most commonly occurs in hospitalized
patients who receive hypotonic fluids postoperatively, Young
menstruating women seem to be particularly susceptible to
hyponatremic encephalopathy (15).

Hyponatremia can be corrected with administration of
hypertonic saline solution (3%) at a rate of about. 1 mL/kg
per hour. A loop diuretic may be added to enhance water

- excretion if urine osmolality is greater than 300 mMOsm/kg.
With use of this combination therapy, sodium lost in the
urine is replaced with an equal amount of sodium in a
smaller volume. The serum sodium concentration should be
raised no more than 25 mEg/L in the first 48 hours, at a rate
of no more than 2 mEq/L per hour, and the target goal
should be 120 to 125 mEg/L. Treatment with hypertonic
saline solution is advocated only for patients with severe
hyponatremia who have profound neurologic symptoms.

The main controversy in the literature surrounds treatment
of chronic symptomatic hyponatremia because, as
mentioned, central pontine myelinolysis may result if the
condition is corrected too rapidly (1 1,14). Therefore,

~although treatment in these patients is similar to that just
described, the rate of correction should be slower (0.5to-1
mEq/L per hour). Aggressive therapy should be discontinued
when the serum sodium concentration is raised 10% or
symptoms abate.

Regardless of whether a symptomatic patient presents with
acute or chronic hyponatremia, the key to successful
Mmanagement is frequent monitoring of serum electrolytes to
ensure adherence to the guidelines outlined. In general, the
serum sodium concentration should be reassessed every 2
to 4 hours during active intervention.

Hypernatremia

Hypernatremia, like hyponatremia, reflects an abnormal
ratio of sodium and water. It is defined as a serum sodium
concentration exceeding 145 mEg/L. Unlike hyponatremia,
hypernatremia always represents a hyperosmolar state.
Hypernatremia results from water loss or sodium retention,
although sodium retention occurs in only a few
circumstances (eg, administration of hypertonic sodium
bicarbonate during cardiopulmonary resuscitation). Thus,
the underlying cause of hypernatremia in the vast majority
Of patients is water loss in excess of solute (table 2) (1).

Table 2. Differential diagnosis of nyparnatremia

Volume status and condition Urine sodium
concentration UTV

(mEq/L)

Hypovolemic

Renal losses (osmotic diuresis by >20

1o/ www.posteradmed com/iecties/2000/05 O0/Fall hivm
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means of glucose, urea, mannito]
[Osmitrol] use)

Insensible losses (through sweating, <10
fever, respiration)

Gastrointestinal losses (through <10
diarrhea)

.
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Euvolemic

Renal losses (through diabetes Variable
Inspidus--nephrogenic or central)

Hypothalamic disorder (primary Variable
hypodipsia, resetting of osmostat)

Hypervolemic _
Hypertonic saline administration >20

So‘diu_m bicarbonate administration >20

; Prima Y hyperaldoste ronism >20

The two defense mechanisms against hypernatremia are
stimulation of ADH release (resulting in maximal urinary

thirst, but thirst is the main defense mechanism against
nypernatremia. Hypernatremia is almost never found in an
alert patient who has access to water and a normal thirst
mechanism. In adults, hypernatremia is more common after
age 60, primarily because Increased age is associated with
decreased osmotic stimulation of thirst and decreased
maximal urinary conc¢entration.

Concentration of urine requires two basic conditions: (1) a
nypertonic medullary Interstitium, and (2) osmotic
equilibrium of urine in the collecting duct that has the
nNypertonic-interstitium (requiring ADH). Central diabetes
Insipidus occurs when secretion of ADH is impaired through
disruption of the hypothalamic nuclei, osmoreceptors, or
supraopticohypophysial tract. The most common causes of
central diabetes insipidus are head trauma, hypoxic or
iIschemic encephalopathy, and idiopathic conditions.

Nephrogenic diabetes Insipidus can occur if the ~
countercurrent mechanism in the Kidney is disrupted or the
ability to respond to ADH is impaired. Lithium use,
hypercalcemia, hypokalemia, osmotic diuresis, and sickle
cell anemia are common causes of nephrogenic diabetes
Insipidus,

Chlinical features

As in hyponatremia, signs and symptoms of hypernatremis
are primarily related to the central nervous system. In
hypernatremia, the osmotic pressure gradient favors
movement of water out of brain cells and leads to a
decrease in brain volume. Neuro 0glCc manifestations (eg,
lethargy, weakness, irritability, hyperreflexia, sejzures,
coma, and even death) are the result., The mortality rate
ranges from 16% to 60%, de pending on the patient
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population examined (17).

Patients with diabetes insipidus usually do not present with
neurologic symptoms because of the powerful thirst

Includes evidence of recent fluid losses (including insensible
losses from fever, sweating, or recent respiratory infection),
alteration in mental status, and thirst (if the patient is alert).
Assessing the patient's volume status and Mmeasuring urine
osmolality and urine sodijum concentration (table 2) can be
helpful in establishing the Cause of hypernatremia and in
guiding therapy.

Patients with urine osmolality of less than 200 mMOsm/kg
usually have some form of diabetes insipidus and can be
differentiated by their response to exogenous ADH (18).
However, most patients have urine osmolality between 200
and 800 mOsm/kg, which can reflect volume depletion in
central diabetes Insipidus, partial diabetes Insipidus, or
osmotic diuresis.

Treatment

principles as that of hyponatremia (19,20). Rapid correction
should be avoided because of the brain's adaptive response
to hypernatremia and the potential risk of cerebral edema.

Water deficit = total body water (serum sodium
concentration + 140 - 1)

In patients with hypovoiemic hypernatremia, normal saline

solution is indicated initially to correct the intravascuiar

volume deficit. When that is accomplished, more hypotonic

fluids (eg, 50% normal saline) can be used. In patients with

hypervolemic hypernatremia, removing the source of saft

€Xcess, administering diuretics, and replacing water are

iImportant to successfyl therapy. Patients with euvolemic V
hypernatremia usually require water replacement alone-- UT
elther free water orally or an infusion of 5%, dextrose in

water,

Again, frequent monitoring of electrolytes is kKey to

successful management. Obcfﬁ ~ l I
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Summary

Disorders of sodium and water metabolism can be
approached by following a few basic steps: Thorough history
taking and physical examination that focuses on volume
assessment and laboratory evaluation that includes serum
osmolality, urine osmolality, and urine sodium concentration
are usually all that are required for diagnosis. Results of
these findings are helpful in guiding therapy. Monitoring
Serum sodium concentration often to ensure adequate
treatment and to avoid potential complications is required in
Mmanagement of both hyponatremia and hypernatremia.
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