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41+4). Associated medical conditions included cholecystitis, verte-
bral fractures, migraine, pregnancy, diabetes insipidus, epistaxis,
coronary artery disease, pelvic inflammatory disease, hypertension
(two patients), and leiomyomatous disease of the uterus (five pa-
tients), The amount of total body water was calculated on the basis
of sex, age, and weight.'” Data are expressed as means +SE, Sig-
nificance was determined with use of the unpaired t-test,

Resurts

The mean weight of the 15 women was 56.8+2.6 kg,
and the initial plasma sodium level before surgery was
138+1-mmol per liter. The operations these women
had undergone included placement of a Stryker
frame, cholecystcctomy, uterine dilation and curet-
tage, repair of a torn shoulder ligament, cosmietic den-
tal surgery (two patients), ligation of a bleeding nasal
septum; transluminal dilation of the right coronary
artery, ‘exploratory laparotomy; and abdominal hys-
terectotny (five patients), Anesthesia in¢luded intrave-
nous ‘mepéridine’ hydrochlqride"v'(Dcmcrol) or mor-
phine in" two patients,’ local anésthesia (tetracaine

[Pontocaine], cocaine plus lidocaine [Xylocaine]; and

lidocainé plus diazepam) in three patients, enfluranc
(Ethrane) in. six patients, and halothane in. three
patients, .One. woman did. not actually undergo sur-
gery, but was admitted to the hospital with an allergic
skin reaction (to ampicillin); Her subsequent clinical
course was similar to that of the other 14 patients; as
was the outcome, so she has been included.

Postoperative Symptoms

All'the patients awoke from general anésthesia, and
all were' able to walk, communicate, eat, and void
spontancously within cight hours of surgery. At 49+7

‘hours after surgery, grand mal seizures developed in

all the patients. These seizures were generalized, but
precise details of the seizure activity are not available.
Within 60 miriutes after the onset of seizures, respira-
tory arrest developed in all the patients. All were intu-
bated but had hypoxic-anoxic intervals of various du-
rations. At the time of seizure activity, the plasma
sodium concentration was 108+2 mmol per liter. The
symptoms that occurred before the seizures included
nausea, headache, and emesis in all patients, Half
were incontinent, and 30 to 50 percent were hostile
(four patients), disoriented (four), depressed (four), or
hallucinating (seven) — symptoms that resulted in
psychiatric consultation in the cases of five patients. In
8 of 15 patients, the onset of seizures and respiratory
arrest was explosive in nature. The patients were lying
in bed, awake, with only minor symptoms. Within a
period of less than 10 minutes, the eight patients went

tom 3 state in which they weré alert and talking, to a

. tial diagnosis was either acute stroke, sagitta] o

© cephalitis, migraine with vascular occlus;

‘-‘
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(13), which was unilateral in 2 of 13 patients. .
paresis (4); fixed dilated pupils (10); bilateras]’c}ll:::
of the knees and ankles (12), lethargy (9), and gram'
mal seizures (15). -

(nitial Diagnosis

After the seizures and respiratory arrest, hypona.
tremia was initially suspected as a cause in only 33
percent of the cases. In the other 67 Percent, the inj.

] e oxe nus
thrombosis, arteriovehous malformatlon, herpes en.

On, rupture
of cerebral aneurysm, skull fracture with subduyra|
hematoma, or coma of unknown origin, None of
the aforementioned diagnoses were subsequently con.
- firmed. The fact that hyponatremia was not usually
sugpected as the cause of coma led to extensive consyl.
tation: There were a- total of 42 consultants for {5
patierits (internal medicine, 8; neurology, 10; nephrél.
ogy, 6; neurosurgery, 86; endocrinology, 4; pulmonary,

. 2; ophthalmology, 1; and psychiatry,’5). Largely be.

! cause of the consultations and subsequent diagnostic
studies, there was an average delay of 16+7 hours
before therapy for the hyponatremia was begun. This
interval was spent largely in diagnostic studies, Every
patient had at least one CAT (computed axial tomo-
graphic) scan of the head. In addition, most patients
(67 percent) had electroencephalography, 47 percent
had carotid and vertebral angiography, and 60 per-
cent had diagnostic lumbar punctures. These diagnos-
tic studies were performed despite the fact that in 80
percent of the cases the serum sodium concentration
was known. This suggests that many of the managing
and consulting physicians were not aware that hypo-
natremia could lead to the observed symptoms. Two
patients had open-brain biopsy for suspected herpes
encephalitis, ' : o

Postoperative Fluld Balance -

The total body water, calculated on the basis of the
age, sex, and weight of the 15 patients, was 28.2*1.3 -
liters.'” A review of postoperative intake and output ;
-records in the 11 patients for whom the informatign
was available revealed that from the complc‘tlon,‘of
surgery fo the time of grand mal seizure activity, the
average intake was 8.8+0.7 liters of 285 mM glucose
(containing less than 5 mmol of sedium chlo;xdc psr
liter). The mean urinary output was 1.30.4 liters, At
a time when the mean serum sodium concentration
was 108 mmiol per liter, the urine osmolality. . yas
901£53 mOsm per kilogram and the urinary sodium
level was 68:£10 mimol per liter. The net fluid balance

grand mal seizure that was soon followed by respira-

tory arrest: Within two hours after the grand mal sei-
zures, all the patients were evaluated neurologically

by eithera neurologist (36 percent) or an internist (64

percent). Neurologic Symptoms that were observed
after respiratory arrest and intubation included un-
equal pupils (12 patients); positive Babinski’s sign
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was thus 7.5 Titers. A ton ulatio ". hows. that ]
this degree of fluid retention would theoretically. l.Qi”fc,' :
- the serum sodium level to 109 mmol per liter, _W}f’_‘:h,u'
very close to the actual value observed. The ]Padei 1
priately elevated urinary sodium and osmolality mm '
presence of water intoxication and hypqnatrm‘?.ﬁ '
virtually diagnostic of the syndrome of inappropratcs
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least 6 liters.of hypotonic fluid (usually 285 mM glu-
cose) in the first 39 postoperative hours, with urinary
output of less than 650 ml per 24 hours. A routine
measurement of serum sodium was not ordered for thé
first fWo postoperative days in 87 pércent of the pa-
tients, Two patients (Patients 7 and 15) did not have
excessivé fluid intake but had received other medica-
tionis (desmopressin acetate, vasopressin, or thiazides) -
that probably contributed to-their hyponatremia.
“Two patiénts had clinical‘evidence of volume ‘con-
traction (postural hypotension’ or tachycardia)- that
was sécondary either to excessive emesis (Patient4) or °
severe épistaxis (Patient 10). Oné patient (Patient 13)’
wagreceiving an infusion df:ACTH in 285 mM glu--
cose'in ‘water, and another'(Patient 4) received oxyto+
cin'after gynécologic surgery: Both-agents have'been
reported toificredse water rétention 2526 .-

crirgen: (e

gl 1 ol Lo A
Disqussion., . ¢ .4,
These data show that in generally healthy wome
undergoing elective surgery, severe symptomatic hy-,
ponatremia can develop in two days or less.’ The’
causes of the abrupt fall in'the $erum sodium level are
probably ‘multiple, but thie’most importantshe ap-"’
pears to-be ‘excessivé postoperative administration of
hypotonicfluid (87 percént of the patients). However, -
excessivé administration ‘of frée'watér -alone doés:
not' generally ‘result in hyponatremia. Barlow and:
De Warderier?” have denionstrated that normal subjects'!
can ingest up to 15 liters of water a day with little ‘or-
no change in the serum sodium level. In subjects with -
hyponatremia, both total body ‘watér-and-sodium lev=:
els“can be high, Iow, or notmal.*' 32?328 Tn miost clini~-
cal situations, hyponatremia is associated with water
retention and élevated plasma levels of . antidiuretic
horméne. Chung and- associatés'® found that among-
48 postoperative patients with hyponatremia, most
had elevated plasma levels of vasopressin (antidiuret-
ic harmone); Volume contraction is a major stimulus
to the release of antidiutetic hormone,!*16 and most
postopérative patients have a decreased extracellular
volume, which is usually independent of bloed loss.?.-
Thus, it is not surprising that several investigators have:
shown that almost all postoperative patients have ele-.
vated plasma levels of antidiuretic hormone.!'®2¢-33:
Postoperative hyponatremia is actually quite common
and may affect more than 4-percent of all subjects who
have undergone surgery.%:'%16 However, it is rarely
symptomatic; the plasma sodium level usually does

o
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not fall below 120 mmol per liter, and neurologic mor- |

bidity appears to be uncominon.!+16

-'There have -beenm severalrepprts-of -postoperative:
hyponatremia .accompanied by coma. and ‘seizures:
Mdst- have appeared :in: the~
tire,31822.263435 Despite the preserice |
dium ‘concentration below 115 mmol per liter with
symptoms, neurologic morbidity and mertality were
very- infrequent. Since many. of- the-aforementioned
patients were in generally good-health and were un-
dergoing elective surgical procedures, the absence of

RF Preliminary - BHSCT
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serious associated medical illness may have beeq
: s . na
major factor in the low morbidity and mortality. Sey-
eral reported cases of hyponatremia with assoéiatcd
brain damage have occurred in patienits with othey o
morbid conditions.27810-13.3639 However, one agsoes
) L g ssoci-
ation may be important. ' G
With"fgys: exceptions, n}ost’pat.ients' who have had:
symptomatic hiyponatremia with a sodium leve} below
120 mmol pér liter but have not had permanent neyrg- :
logic damage have been men,25913.22 whereag thege .
who have died or had permanent brain damage have -
been worén, 24:8-13,18,37-39 I f the number of previously-.
described ' patients who -have had well:documenteq-:
postoperative symptomatic hyponatremia’ (serum sg-+
diin-level ‘below 120 mmiol per liter) in'the absence
of ‘associated ‘medical -conditions khown' to be freis
quently associated ‘with central nervous systerh dame;
age?18,22,34.33 ig.qdded to the 15 patients‘in the'presa
entireport, the total: number of such patients is 57,1
Eighity-eight percent'were womei: Furthermore, 4ll 307
of the 57 patients who cither died or'had permianefits
brain damage weié women. The'mean serum sodiumg
level was not different. in- the” mien’(107+4 mmol per -
liter) from that-in-the women' (109%6). gl
"The reasons for'such a female predilection to brains
damage froml hyponatremia-arenot clear. Adaptation’
of the brain to hyponatremia involves both an efflux of"
osmotically active cation (primarily potassium) and a
gain of water:2* Both processes act to lower the intraui
cellular osmolality'of the brain, and the rapidity'of -
this process may :ultimately -help to determine:sur
vival.? Although the mechanism - by which’ cation:is'
lost‘from brain'cells‘in hyponatremia’ has not ‘been:
well studiéd; it probably has-both attive:(related to
sodium=potassium pump)*® and passive (ouabain
insensitive) components.*! There is a potassium-cori-*
ductive pathway found in several cell types (e:g., lymi®
phocytes and Ehrlich cells) that results'in a loss oficell
potassium when cells are placed in a hypo;os_rglo,,ti‘c1
.medium,*®*? In hypo-osmolar states, the passive com-
ponent of potassium influx is ‘also reduced;*! which
would tend to-increase:thet loss of: potassium from
brain cells: However,if the active’comporient: (prob4
ably efflux rmediated by sodium—potassium ATPase)
weére to be somehow-inhibited, this ‘would impair thé
loss of potassium.from the brain in hyponatremia,
leading t0 increased brain swelling, with a higher mot-
bidity: It may be that the sodium=-potassium ATPas§
system in the brain is less efficient'at extfuding potas®
sium in womén than in men;“This may be related
the fact that the action of sodium-potassium ATPast
canshe-inhibited by some fémale sex- hormones.- Tt hat
recently béeri shownl that progestérone and vertaii
its derivatives- can inhibit this enzyme in several-tl¥
sues.*? In addition, both sexual and 'racial"difTer_c‘r'XCd
in the'amount and the activity of sodium=-potassiutt
ATPase in red cells have been dem'onstrated.“‘suld
effects may be presént in the brain as well. S
The 15 patients described here do not represent !
known percentage of the total number of operations
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-~ ®land there are no obvious reasong that all were wom-  with hyponatrer_riia2'-‘"5"Q-."’s'“-'and rats'_r? have demon-
ty. Seves Bhen, although the. literature suggests that there is in- strat.ed that rapxd'gorrccuon of Symptomatic hyponga-':
;Zc.:iatc:d% i Wced a definite female preponderance among -patien.ts tremia (serum sodium level of 95 to- 120 ‘mmol - per
theyzen Riith’ symptomatic hyponatremia and its: neurologic liter) to the level'of mild hypon:}trcmx?z (se;um sodium
: 23504, ‘ quelae,, .. . T - : level of 128 to 132 mmol per ’h‘tex.') ‘did not appear to
’ ) ; It has been suggested that hyponatremia by itself is result in central pontine myelinolysis. It fact, ini- a
averhas :bcmgnoondltlon and that rapid thii‘apy is“more re}'/i:w of 65 patients with’syrm'ptomatig ‘hyponatre-
el bal }mgerous than the condition itself.3”*5 It has also mia® whose: condition was: correated to-a‘serum sodj:.

2L

—

peen-suggested that ‘when neurologic morbidity oc< |l um level of lBO-mmolJpérfflkc;'" at-d’rate ‘of about 2

Fyrs, it is often related to, co-morbid- medical éondi- || mmol per liter per hour; survival was above-90 percent:-
fions. Brain damage has often been observed: amon and' central :pontine: myelinolysis did hot develop ih.
eviduyldy Blputients Wit acute’ water intggéic:a’.tionf’-‘3;?6i3*'36-~f’f'39 any patient. Ratlier, preliminary studiesSuggest -thag:s

(e ]

ge trx'avgqv ;

‘meht 150, we have previously shown that gertaingroups of | overcorrection of plasma soditiri to normonihtreriic.on. 4
tien_ts — those with algghqliSm;~ caghexi}a,or-'hdpgtiq hypematrgmi'c levels may result in démyelinajtin'g Jen
Bithosid ' 4r¢ frigely” ’xﬂo‘rglikely(q /ha.vcper%anent siohs of ‘the brain.‘ﬁ--*«"x,‘-‘%”e"’l‘-hhs; ‘ittappears tHat if.

brain damage, with. hyponatremia._than areother-paz{ creasing the Plasia sodiun fevel by about 2 mmbl pey
Pents with similar serim sodivm’ levelgs. ‘Arsérurfi so- liter per hour to-a level of 128 to 132'thmol per litey i
ginin level below: 130 mmol per liter is associateéd, with appropriate at-our curtént lével fdﬁ'knd'\?viédgéi'mf” @
sincrease of 60-fold or more-in the mortality- of “Seven' ‘wonten had :an unusual “syndrome;’ shown. |
bospitalized nonsurgical or surgical Patients, fith1s graphically in Figurel: Thede pilli't:‘tits’Wem{'c‘t’a‘ihatdS‘e‘3
Jowever; des me associated medical cof ditions,. . while thei | sefumn sodium. levels were'iricreased drons -
wefe: yourigand ! 105t "l~3'l”minolfpelj‘{lité’r ovér‘d miéan ‘périod Of 4"

gealthy, Ten were under: 59 'years ‘of age. and gigh, hours, Then; 58 hours-after'awakeriing from comid )|
¥nder 35, none were alcoholic, all had norma hepatic, the poiritoF being abléto tominunicatc,‘-cat’,‘aﬂd wialk
pulmonary; and renal functiors; and only-thiee had|  all seven: patients had: grand mal Seizures/and ‘again’
Ly . important medical illness, , This, t.is unlikely be?:ame"ébr‘r_iatosq: 'None' recavered froi t’hj's‘,'sééij'rl:d :

ical- iti¢ t]  episodeof coma; ‘whichoccurred when the $efum'sodi- s
um level was at least 128 mmol pér liters Tha CAUSE of -

theirteag) i anmmals, both in 0 the tecurrent-cisimia is' uncertain, arl‘d'there’hai/év‘b"'c'qii‘
wpidity}éfy. at{hygycmz_tt_r'ervnja'itg,q!f (a seruny only’a few reports-in whighifa{ﬁﬁﬁldr'v'sypdfomcg hag:
ninef?;\',lf BYT15 ol ‘per liter for been'suggested,®!” Such & syndrome hasnot beenwell |
catichniy:f Gt dnall the. glinicalzm

; described st association with hypohatrermik *buttip)
hese P‘ggicntsr St_udies in dogs, ra‘fs;‘"a_hd rabbits '

: Studies iy , ath | - has been well described 'inJ7pat1:ént‘s"'»whb havé:had: 41
lated t/ 4§ § Efim sodiim levels belovy 120'mmol per liter'f two hypoxic—‘ano'xic'vcpisode;-‘9f2l‘&mchy"'z’xs"‘ca;rdiac]’m{'re'st; ?
(otiabaih® ¥ ¥seven idays :show. that lethargy, seizures, respita-l| carbon Tionoxide intoxication;for aspitatioh; Such pa
siurzcon ¥t § b arrest, linih paralysis, anorexia, clonus ;and pro- | tients'dre generally resuscitatod quickly-aiid appéar to::
e.g!y Iyt BUnd weakness may develop in these, animals. 24649 recover, usually within 24xh'oum'z.They’see'mxrél;aﬁvelyf’
(oss oheell} JHHE rosultane mortality is from 58 t6:100  percent, ' '

normial for2 to'10 days; ‘but thenia characteristic sy
drdm'e"odcurs;‘{I‘his“is“chérat:tériic‘d by apathy; irrita=*
bility, and confusion- oftén’ with''agitation cor manje:;
behavior, Motor control gradually deteriorates, and

théré is i"pqog‘;t‘sgipq'tii_ coma. Thére are no obvio;
ey during the initia] anoxic.insult

o-osmadgRilese studies in animals strongly’ SUpport the con- |
SIve o #ntion -that. hyponatremia” aione. was:.responsible

e rthe bbserved mt')rbidi_t'y and “mortality” |

Y4

Ias, initiated, -the mean, rate. of, correction . \}'vag’,( less. -
0.7 mmol per liter per-héur, a rate that-has'been
goicd as constitutinig -Slow” ¢orfection,® Thete have”
A0 several ‘articles over the past decade advocating
Bt acorrecion of hyponatreinia 707548 Myrg: T the préscnt serics; i i
ritly;’“s‘brhé"evidéri'cc has stggested that. foverly . agnosis must;be made onclinical grounds
¢ “therap :p&;symptomatic»h‘ypon'atrcmia' may._ appears.to he tha:mast likely :caysa of -
IETRES be a¥sotiated With Cehtral pontse yelin  sejzpres and, coma, with, either death’or % e
pis, b3 40:48,9051 fare neurologic disorder:of, jiicers,, vegetative slate as ‘the outcome. T he;.pathogen
origin that is ‘MOst often found in ‘Patients with may alsor be'related t6 a similar s’}"ﬁd‘t’pfﬁé'p"irfly;blf_f
olisingcachexia, o imalfutrition Althoughiini-"  biinstem herniation secondary o' spaceiaceipys
studies in lah ratory animals have suggested that. cerebral-lesion, 5657 . 70T AT
d treatment of: hyponatremia could result in'cen-'’ In ‘the present: study, head €T scans” wére ' per-
' formed in all the patients, and pathological examina-
tion of brain tissue-in five (three auttopsies. and -tivo
both human subjects brain biopsies). No patient had any evidence of cen-

ey A PHE
L certdl

Pontine myelinolysis, 4648 the Tesions seen. were.-
bflbly not the result of rapid correction of hypona-
j12 alone. 35355 ¢\, dins in
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tral pontine myelinolysis, either histologically or on
the CT scan. However, central pontine myelinolysis
occurs most often in the central pons, a structure that
would not be evaluated in a brain biopsy because of its
anatomical location. In addition, special staining for
central pontine myelinolysis was carried out in only
one patient (Patient 2), who died within 24 hours of
seizure activity, too early for myelinolysis to have de-
veloped. Thus, central pontine myelinolysis cannot
absolutely be ruled out in some of the patients studied.
Three patients had gross evidence of brain-stem her-
niation (uncal grooving and compression), and all
three had died within 30 hours. Two of the others had
evidence of cerebral cortical atrophy on biopsy or au-
topsy. However, neither histologic examination of the

brain in five patients nor. multiple. diagnostic studies:

indicated any evidence of other cerebral
as tumor; stroke, acute bleeding, -
dural hematoma. All 15 patients had GT scans, half
had. carotid and vertebral angiography, and 60 per-
cent had, lumbar. punctures. Three of the CT scans
revealed brain-stem edema; all the other studies were
negative. Thus, the neurologig disability in these pa-
tients was not associated with any lesion. identifiable
either by numerous diagnostic studies or by histologic
studies, Preliminary studies, both from our laborato-

ry*? and from others,*? show that brain lesions are

generally absent in rabbits, dogs, and rats with symp-

tomatic hyponatremia. In rats and rabbits with chron- .
ic hyponatremia (serum sodium level, 95.to 110 mmol

per liter). and paralysis, seizure activity, and obtunda-

tion, the brains do not have cerebral edema and are

histologically normal.247.4 Thus, the neurologic le-

sion associated .with chronic hyponatremic encepha-

lopathy is not well defined. Hyponatremia itself may,

interfere with glial metabolism or affect neurotrans-

mitter release by mechanisms still undefined.* In ad-

dition, hypoxia with postanoxic encephalopathy after.

respiratory arrest may often have a major role in the
pathogenesis, of the brain damage.'9:3L

disease, such
infection, or sub-

y Ve are indebted to Dr. Robert Fi ishp{an i‘q;‘,lﬁi very hclbi‘ul 'crizi- .
cisms and suggestions regarding the neurologic interpretations of
the data; to Dr. Hugh Carroll for helplul suggestions on pathiophysi-
ology; and to Dr. Vibeke Strand for helpful suggestions about the
writing of . the manuscript and the interpretation of data.
+*Anderson R, Chung H-M, Kluge R, Schrier RW. Hyponatremia: s pro-
sPecﬁyc analysis of jts epidemiol gy and the path .' )ryle of yasopres-

sin. Aon Intemd Med 1985;102:164-8, = -
' Afeff AL Llach'F, Massry SG. Neirologieal
ol

manifestations ind morbidity
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{Ridas, MD.;-an'Syohev'S, Somochk, JRMLDFese i

y P ‘ roddhods
«counted. for. all: 4he: neurologic .complications recorded:
gamong 60 patients with serum sodium concentrations be-
low 118 mmol per fitar; no, patient.in whom the, sodiym
lovel was ralsed by less than 12 mriol par Jiter. per day had
rofo Reviewing plblished feparis oh
“(sbruff Sodium

£ LR PR lY AR

~ any neurologlc sequéjae, R , .

Hiftions had B riec d batistits With'Very sévére! Hiyponatremia (

Fithclinica ogical findings typical of central pon- <106 mimdl per. liter) revealed that!
6 myelinolysis, which-developed after. the, patients.pre-  “were assoclatéd wi correction.of Hy

3

énted with severe hyponatremia. Each patient's condition ithan"12 mmol pet litér per day; when correction proceeded
;" jfforsenéd aftor relatively rapid tomection of hypdnatrémia  more slowly, patients had uneventful recoveries. We sug-
"+ #i»12 mmol of sodium per liter per day) — a phenomenon  -gest;that the’0smtic.demyelination ssyndrofme.is a.‘pre:
* §iiatwe have called the osmotic demyalination syndrome. ventable.complication,of.overly rapid correction of chroriic
.+ J§AYe of the patients were treated at one hospital, andac- hyponatremia. (N Engl J Med 1986; I14:1036-42.) 1
ok , G e e S Coeatoes A Lt abod e lien by VIV aa ,‘r,‘"f:rl._ S0
al’ NIECENTLY,;the treatment of hypanatremia, has ‘Their, presenting.;symptoms were. severé ¢no.ug'gsst?3

become controversial. Some investigators have cause them'to seek-medical. attention, “but;tragically,
ed rapid correction of hyponatremia with an often .their. condition ‘worsened: as. their electrolyte disturb-
urologic. disorder. known :as central. pontine ‘ances were;cofrected. Each patient had similar neyro-
linolysis. ! Others;have disputed this association, logic findings; which we have, termed the osmotic;de-
¥y g#iguing. that-symptomatia.hyponatremia is a. life-  myelination syndrome. We believe that this syndrome
J¥¥reatening . emergency -that «<ag result in death or  isan avoidable complication of overly rapid therapy.
grmanent  neurologic; damage ‘unless it istreated w0t o gty ' : gl ealing
mptly and vigorously. %% The clinician faced with R
Ahyponatremic patient has thus been placed T seris -
3. quandary; Allegedly; morbidity and. mortality.
yeresult from freatment. that. is- either “too fasg” or

»
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th period-at West Virginia University Médical

tiary referral cehtér scrving™4 population A

During'a 12-m

who did not have alcoholism’ and who Wére seen
jultation by one of us (J.E.R.) were ought to'}

i rthe—past-—five-years—we-have-—e " central pontine myelinol is. Laboratory'data (with tnprecise infor:
Bht patients at our, twe institutions who" Hai -, Mmaticn tegarding ithe exact timing of blood. sasiphig) w
Wigus meurologic complications from h ¥ tained from the referring hospitals. : © s g

SUs% neurologic compl ,C.a,tlonshrom yponatreh At'the Rpchégtq[ﬂ,energl_gﬂospital bC e
L CTANNIN RS SR .. 1. Ated community, hospital, the charts adult patients in :whom
¥EU e e TR : 111, hyponatremia had been diagnosed during a, five-year period WCI::
om e ioina: < -, reviewed to identify patients with serum sodium concentrations of
: ’q‘?ﬁpﬁ","mm"mf"’ Univensy e acylogy, and Pahology, Rt """ less than 116 mmol per liter, Of 60 pationts with 62 episodes of
s and West Virginia Univessity’ School of Medicine, Morgantown, W.V, = hyponatremia, 5 were found to have had neuirologic sequelaé. One
reprint requests to Dr. Stérus at Rocheste Genegal Hospital, 1425 Port- of us (RH,S.) was personally familiar ‘with the course ‘of four of
¥e.; Rochester NY 14621, - & 7 .., .. .. . these five paticnts; data on the fifth pafient were extracted from the
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The patients referred to West Virginia University
edical Center (Patients | through 3) hag initially

the patients haq any neurologic sequelae, but two djed
of underlying disease (hepatic failure and cardiogenic
shock).
In all eight patients with neurologic sequelae whe
‘ére studied, the original electrolyte disturbance had

the next day seven still had mild hyponatremia (serum
sodium, 120 ¢ 132 mmo] per liter), and Patient 5 had
aserum sodium leve] of 138 mmol per liter (Table 1).

Table 1. Serum Sodium Concentrations in Eight Patients with Neurologic Sequelae
after Correction of Hyponatremia,
PATIENT . N on TREAT- Maxiuuy Na AT Onser
No. Ace/Sex Cause Abwission MENT* Na Increase OF SEQUELAE

mmoliliter mmollliteriday
1 S4/F Diuretic?t 102 NS 27
2 54/F Diuretic 109 3% 12-17
3 60/M Diuretic 105 NS 27
4 68/F - Diuretic 103 NS 25
5 T4/F Diuretic L1 5% 23
6 75/F Diuretic 114 3% 18
7 TVE Diuretict 98 3% 22
8 41M Diarrhea 109 NS 13

*NS denotes isotonjc saline, 3% 3 percent saline, and 59 S percent saline,

tHypertensive patient presenting with severe hypokalemia (1.9 mmol per liter); medications unknown,
tAcute and chronic alcohotism,

RF Preliminary - BHSCT

Flgure 1. Macro
tient 1, Showin
tion of Perip

myelinolysis,
Patient | was
and never fully

mmollliter

136-156 (Days 3-5)
126~146 (Days 3-10)
132 (Day 5)
133 (Day 6)
138 (Day 2)
130 (Day 4)
127 (Day 4)
132 (Day 3)

photograph of Herﬁlsectlon of the Pons from Pa-
nsive Central Demyelination with Preservg-
ipheral Rim of Myelin (Hematoxyiin and Eosin),

obtunded but arousable on admission
awoke, Beginning on the fourth day,

the obtundation became progres-
sively more severe, and from the
fifth day until her death she was co-
Mmatose with decorticate posturing.
Results of computerized axial to-
mography of the brain (CT scan-
ning) performed on the fifth hospi-
normal; at au " y
days later, marked demyehn'atlon
was found in the central pons, inter-
nal capsule, extreme capsule, later-
al geniculate, and cerebellum (Fig.
1). In areas of demyelination, neu-
rons and axis cylinders were SP{“ed'

Patient 2 was awake but disor-
iented on admission. She had a gd""'
eralized seizure on the second lay
as her electrolyte levels were being

Al dav weara
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corrected, and deterioration occurred gradually over
the next several days; dysarthria, difficulty in swallow-
:‘j'ng,_and inability to walk were noted on the 10th hos-
‘nital day. A CT scan was normal except for mild corti-
cal atrophy. On transfer to West Virginia University
iMedical Center three months later, spastic quadripa-
%-,is and pseudobulbar palsy were found and a repeat
4CT scan showed central lucency in the pons (Fig. 2).
%: Patient 3 wag awake and alert on admission -and
%¢mained so until the fourth hospital day, when he
%ccame lethargic and had convulsions. On the fifth
Bay he became quadriparetic. On transfer to West
#/irginia University Medical Center on the 20th day,
pastic quadriparesis, bulbar paresis with inability to
§pcak or swallow, and a pseudobulbar affect were
gound. Despite clinical findings typical of central pon-
kine myelinolysis, neither the CT scan nor brain-stem
uditory evoked responses confirmed whether it was
resent. Ten weeks later the patient had made a com-
plete functional recovery, although a mild spastic
uadriparesis could stil] be demonstrated.-

Patient 4 was sent to the émergency department one
May after laboratory examination showed that the se.
¥um sodium was 104 mmo) per liter. On admission she
Wvas lethargic and dysarthric but oriented, With cor-
Fection of her electrolytes, she became more alert. On
the third day, visual and auditory hallucinations de-
‘.ﬁfclopcd and later her speech was noted to be guttural
d nasal. Gradually over the next several days she
pecame increasingly less responsive and ultimately co-
. §dnatose, fcquiring.'mcchanical ventilation. CT scans
va- ere normal. Five weeks later, she was alert and could

difficulty in swallowing,
: ‘Paticn; 5 became nonverbal, with rhythmic move-

he ents of both legs and one arm, two hours before
s0- mission; although these features were interpreted
'8 §8s indicating grand mal seizures, measurement of
o Barterial blood gases showed nejther metabolic nor
- W¥espiratory acidosis. Treatment with diazepam and
P BPhenytoin stopped the seizure activity but caused un-
sIX 3

sponsiveness and respiratory depression requiring
.;Uo ACNhea . l.lo 'y hen ADOTATOTY data he-

18 W0 hours, After this treatment the patient was lethar-
’3 kic'but opened her eyes when spoken to, By the next
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ance but still had trouble with swallowing, Although
she was severely confused and disoriented during her
early recovery, her intellectual capacity ultimately re-
turned to normal.

Patient 6 was lethargic and confused on presenta-
tion and became more alert and oriented after the
hyponatremia was corrected, Beginning on the fourth
day she became lethargic, unable to follow commands,
mute, and incontinent of stool; her deft arm gradually
became flaccid and a swallowing dysfunction devej.
oped along with recurrent episodes of aspiration
pneumonia. An area of low density involving both
gray and white matter in the left posterior cerebral
distribution was the only abnormality found on cT
scanning, A gastrostomy was performed, and ‘the pa-
tient was discharged to a nursing home, . ‘

Patient 7 had two brief grand mal seizures within a
five-hour period at home, but on admission she was
arousable and could respond to questions. After cor-
rection of hyponatremia she became alert and orient-
ed, but on the fourth day she became increasingly
lethargic and ultimately, unresponsive and quadriple-
gic, requiring mechanical ventilation. CT scans were
normal. Two months later, shortly before her death,
she was still depéndent on a respirator, but alert and
able to respond to questions by blinking her.eyes or

Figure 2, CT-Scan Section of Patient 2, Demonslrating Large
Area of Decreased Attenuation in the Genter of the Brain Stem at
the Level of the Pons,
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shaking her head; she could move only her left arm
and right index finger. Patchy areas of demyelination
in the pons were the only major abnormalities found
on pathological examination of the brain.

Patient 8 was alert on admission and had only
weakness. On the third hospital day, after his hypona-
tremia had been corrected, lethargy and dysarthria
developed. On the fifth day aspiration and respira-
tory arrest occurred, from which the patient was
successfully resuscitated.  Several recurrent episodes
of aspiration followed, and a neurogenic swallowing
disorder was subsequently discovered. Although no
anatomical lesions could be demonstrated by CT
scanning, brain-stem auditory evoked responses were
characteristic of pontomesencephalic dysfunction —
findings consistent with a diagnosis of ¢central pontine
myelinolysis.

‘ Discussion

When the serum sodium concentration falls rapidly
to low levels, hyponatremia ‘may be complicated by
potentially fatal cerebral edema.!! In chronic hypona-
tremia, brain swelling is minimized by an adaptive
loss of cell solute!! !, despite this adaptation, serious

" méurologic sequelae may occur.'? It is unclear whether
these complications result from the electrolyte disturb-
ance itself or from therapeutic measures that correct
the serum sodium concentration faster than. the brain
cdn “readapt™ to a higher serum osmolality;#7:10-15

;I uncorrected hyponatremia jtself ‘were responsible

for neurologic sequela; one would expect/pafients'in
whom hyponatremia as ‘corrected slowly:to‘fare less

well than patients in ' whom it was corrected moré rap-
idly. However,; we founid just the opposite: a upiformly
uncomplicated course gccutred in the p itiénts whose
serum sodium concentration was increased 'by- less
than 12 mmol per liter per day,, In contrast, more
rapid rates of correction were sometimes associated
with very . serious - neurologic complications. These
dramatic neurologic findings developed after the hypo-
natremia was corrected;-~ a phenonienon that ‘we
have called the osmotic demyelination syndromé; Al-
though an anatomical explanation for these findings
could not always be documented, the clinical presen-
tations of all the patients strongly suggested the diag-
nosis of central pontine myelinolysis,!%18 -« ..~
Other investigators have also linked central ‘pontine
myelinolysis to the speed -of correction’of . chronjc
hyponatremia.”® However, the importance of ‘this
lesion as a ‘complication of hyponatremi !

accepted. - ha een ores

order is extremely rare,
tated alcoholics,’a;

only when the. serum sodium concentration is “over-
corrected” to hypernatremic levels. %1415 Gy ‘the
contrary, we find that central pontine myelinolysis is
not rare and- that it appears to account for most of
the neurologic injury occurring in patients with chron-
ic hyponatremia. Neither alcoholism nor overcorrec-

~
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tion of . hyponatremia was a prerequisite for thj,
complication. ’
SOfne may guestion tl:le diagposis; Of central pogtip,
myelinolysis in our patients. As originally described
this disease was accurately reflected by its Name, ];
was defined as a selective loss of myelin (sparing ney:
rons and axis cylinders) limited to the center of the
basal pons.!” Although the location of the demyelinay
ing lesions in our two (patients in whom autopsy vrag
performed differed from' the location in this; classiq
description, their disorder was consistent with the
constellation of pathological findings now included
under the somewhat misleading label “centra) pontind
myelinolysis.” It.is recognized that in. many cases (ay
in Patient 1), myelinolysis of the central pons may be
accompanied by-the presence’of histélogically"sixnﬂa}
lesions inother areas of the. brain wheére gray and
white matter are closely admixed.!® Thege extrapon.
tine lesions are particularly common. when central
pontine ‘myelinolysis complicates .the. treatment .of
hyponatremiia.'® In our patients who survived, the dj.
agnosis rested -on the clinical . presentation -supple-
mented by the results of diagnostic:tests. Antemorterh
diagnosis of'central pontine myelinolysis has recently
been made possible by.CT scans, brain-stem auditory
evoked responses, and magnetic-resonance images 2024
These techniques have expanded our concepts. of the
clinical. characteristics of the disease. Patients . in
whom the lesion is diagnosed during life may. recover,
sometimes dramatically, -as. might be expected of d
disease that primarily affects rayelin. 18,20-22,25-27 Howy.
ever, particularly in patients with reversible disease,
anatomical lesions are- difficult to document with
available techniques.®®2” This difficulty is illustrated
in our first two patients. They had negative CT scans
early in their course but were.later found. to have
typical pontine myelinolysis at autopsy or repeat CT
scanning. Other investigators have reported- similar
experiences.?22¢ . . e yooL e g
Because of the difficulties inherent in antemortem
diagnosis of this disease, some reported cases,- like
ours, have been classified as central pontine myelinol- -
ysis solely on the basis of a typical clinical course. 825, -
Consequently, we believe that it may be useful to cons;
sider the complications of hyponatremia in clinical
rather than anatomical terms. Since clinical findings
may reflect extrapontine as well as pontine myclinf)l)’f' :
sis, we have suggested the term “osmotic demyc’lmar-{;
tion syndrome” to describe the stereotypical neurolog ‘
ic processes that developed in our patients. Thlﬂ}
syndrome is characterized by gradual neurologic detes:
rioration developing one o severa days after Compies-
or partial correction of chronic hyponatremia.‘-NC‘{m?f
logic deterioration is often preceded by transient I
provement paralleling the correction of the olcc(rblytﬁ

disturbance.. Various neurologic findings, includuig
fluctuating levels of consciousness, convulsions, hypa: ;
ventilation, and hypotension, may herald the 0“55“,’{ 3
the disorder. Eventually, pseudobulbar palsy a‘}di"’," R
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bral hemispheres.

o

cannot be -ascribed to “cvercorrect;

L)

ity in patients with 'symptomatic
hyponatremia, particulaly when
the serum sodium” concentratipn
has fallen below, 106 mmol per li-
ter,! L1415 However,.we find no con-
vincing evidence that..correcting
hyponatremia :by. more than 12
mmol per liter per day is necessary,
even when thé serum sodium con.
centration is vety low: " '
In reviewifig the literature, we
d over 80 patients
$odium concentrations
below 106, mmol per liter; in 51.of

incidence of morbidity’and mortal-

s B Qata) C provideéd
to allow an analysis of. how treiit.
ment may have influenced outcome
(Tables 2 and 3): Over half the pa-
tients undergoing “rapid” correc-

. TWET

our experience, ma
tients initially Presented with limit-
ed symptoms and subsequently had

RF Preliminary - BHSCT
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area that is difficult to visualize) because such a scan
tends to exclude extensive bilateral digease of the Cere-

. A growing body of experimental and clinical evj-
dence indicates that pontine and extra
linolysis is a consequerice of rapid
hyponatremia rather thad’ hyponatre
Demyelinating lesions virtually identi
in the clinical disease have been produced in animals

by correcting chronig; hyponatremia -rapidly,':35928 .
-Large increases in the-serum.sodium concentration: ... fj
over a short period Produce the most severe lesions,

pontine mye-
correction of
fhia Ttself, 1928
cal to those seen

! nd if hyponatrémia is uncorrect- -
ed or is allowed to correct itself slowly over several

£
g
&
s
o

mia. In all patients the hyponatretnia
rected so that it be¢ame'tild, and only in Patient 1 did

effective, 11,13-15,29 Indeed; some would call
that some ‘of our patiérits received ¢
since many patients have survived with
correction that was much more rapid.'"1315 Moreover,
recent reviews-have linked “sloy correction” with a high

out incidcxjt_aftcr .

tion had’ neurologic, sequelae. Asin” K
ny of these pa-,

Rerexencs + SYMPTOMS MENTH.. . Na INcrEASE Quroosme: .-
' S mmollier " mollitertday
Abamow™  Thiszidet - 105 Seizurescoma NS+F 9 Uncomplicated recovery
Booker'’ Thiazide . 102 Scizure/coma, . :WR. : 3 Uncomplicated recovery
WR... 10 Uncomplicated recovery
Demaner*® WR... 7 Uncomplicated recovery
De Troyer*® WR ... 3 Uncomplicated recovery
<108  Uncomplicated recovery !
Haden® 3 Uncomplicated recavery |
boy®, <10} Uncomplicated recavery
Sctrwverty 0 Uncompiicarzd CUYET,
Stormont*? 3 .Uncomplicated recovery -
Thomas™ N . 7 Uncomplicated recovery
Weissman®  Thiszide . 103 Confusion 7 Uncomplicated recovery
West J Med® SIADH . o Lethargy 8 Uncomplicated fecovery fi
NSttt sodeome of afpropriie s bormons i e e
‘msmm_macw;m. 3% 3 percent saline, WR witer restricy Al F furoseinide, L e L
Mmmdchton}cdooholhm. ' o o ol
gmmmmw.'bm.mmmmmwymmmu@wwwmﬁ*
oc\ly.ﬂwnuwu&swmedlobe_bclowlﬂmnmlpqlitawd:y. BTN A
. e S O B - :

e

June 19,

deterioration after vigorous correction of their h
‘Matremia: 14 patients had dotimented of suspe
central pontine’ myelinolysis®:18.20,22,24,26,27,30.3

clinical data on 2 6thers strongly suggest this dia

sis.*4% In contrast, as shown’in Table 3, all 13

tients in"whom ‘the cotrettion rate was Tess than
‘mmol' per liter pér day recovered’ withou¢ compl;
tions. Many of theke patients were treated conser
tively despite severe Presenting symptomsg, 464853
- =Weronclude from-our literature review;-as we h

Tom our own cases;-that-uneventfut ‘recovery is -
.. tule when chronic hyponatremia is managed cong
" vatively, whereas neurologic sequelae may be comy
cations of aggressive therapy. Preliminary data fron
series of unselected patients wi,tb,;ser,u,mt,sggium.q
Centrations below 11] mmol per liter support this cc
lusion, ﬁ;,';l‘hus,‘thc,rg(;u“fp‘ogic complications §n
.patients were probabl '
efforts to correct a relatively benign condition rapjd
7 lie., we suggest that.the.osmotic demyelination sy
~-drome is an iatrogcnic;:dis_‘casc. . '
~+Recently, other explanations have been offered f
" the‘neurologic complicatiohs of hyponatrermia: iy p,

- béen suggested that delayed anoxic leukoent.
athy causéd by hypo tatrémic seizures38 jg responsib
for neurologic deterioratiori following the apparent]
.-successful . treatment of ,hyponatremia. This unusuy;
wodisease is;observed most-often after carbon: monoxid
poisoning, but more rarely it may complicate success
““ful resuscitation from cardiopulmonary arrest or othe

)

: PN ey ¢ ! 89"
severe, prolonged, 1§phgm;p anoxic insult:59 The I

sions of this disease involve the deep white matter o
,',thcpcrcbxjal hcmisphq;;gq (where they can be identifie
by CT scanning) and sparg the brain stem,59 Anoxia i
an unlikely cause of the neurologic complications i

[

Table 3, Cases of Severs Symptomatic Hyponatremia Corrected by Less than 15
: et mmol per liter per Day.

R SR P

TeeaT  Maxoun

Causes sy Na
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Abstract We investigated the coriseéquences of mater- bodytq’vaﬁcella—zosleratong,tolwpywﬁ?f age, orinvitro, §'%
nal Infection with -varicella—zoster. virus in a .prospective fymphocyte prqlife(aﬁqgl]n,respgnse'to varicella-zoster it vinys, ;i’it’
study of 43 Pregnancles complicated by varicella and 14 antigen), The congenita{varicellasyndmmeoocumed in1 of i
pregnancies complicated by herpes: zoster. Ning “of 43 11 Infants of women with first-timester var‘oq!!a.jmmur{g)- c

pregnant women with varicella had assoclated morbldity

—~pneumonia (4 women), death (1), premature labor (4of
42), premature delivery (2 of 42);'and’herpes'zoster;(1).'

Intrauterine varicella: infection was identified on'‘the ‘basis of

\/ ARICELhA durlng pregnancy has bec‘g‘l-assoéiatL

ed with a congenital 'varicella syndrome (charac--

terized by limb hypoplasia, cutaneous ‘scars, micro-
cephaly, cortical. Aatrophy, chorioretinitis, cataracts,
and other anomalies in the infant''8) and with herpes
zoster -in - otherwise asymptomatic infants,!'? Severe
varicélla wi th pneumonia and fatal disseminition has
been reported in’ otherwise healthy pregnant wom-

en. 202! Biith defects-following herpes zoster during’

pregnancy have also been described.???* The risks of

serious maternal infection and of fetal infection are
- assumed to be’ greitér ‘withi varicella, which results
from primary infection with varicella—zoster virus,
than with herpes zoster. However, specific informa-
tion concerning the risks of varicella"dtiring prégnan-
cy is limited. The purpose of this :study was to in-
vestigate the comip ns of prim '
varicella-zoster . virus.. infection in’ prégnant’ . women
and to evaluate the infants of these women for. clinical
and immunologic evidence of intrauterine varicella
infection., "7 - o

From the Department of Pediatrics, Infectious Disease Divisica, Stanford Uni-
persity Schoal of Medicine, Stnford, Calif, Address fepriat requests 10 Dy,

f‘ Paryani at the Department of Pediatrics, University Hospilal, 655 W, 8th st.,

!

i

Jacksonville, FLL 32209,

-by the referring obstetrician.’ All'women with

logic evidence of Intrautérine varicella infection was present’ |
in 7'of 33 Infarits tested; 4 of thesa infants were asyinptomat-'  § 5
c. ‘According to clinical o Immunologic critefia; 8°6f 33 in- wil
fants had evidence of intrauterine varicella- infection, -.:: £ lyr
Thiese observations show that varicelid during pregnan:- an
Cy.was associated with maternal morbidity and evidence, .

of fetal infection, but that herpes zoster was not, (N Engi J v
Medfoge; atditsaze), T

- ‘MeTHODS G |
Study Population P

CR SRR (7¢
Between July 1978 and June 1984, 44 otherwise healthy, preg- (21
nant women . with varicelld and 14 ‘otherwise: healthy, pregnant
wointh with herpes Zoster'weré enrolled in a prospective study, The in.
diagnosis of maternal varicélla‘or herpes zostet was made clinically  {
c y with' Varicella hiad been  J:3r
exposed withifi 21 days before the onset'of the rash, and rionc had a
previous history of varicella, The. diagnosis of varicella,was cons
firmed in 11 cases serologicaly or by, direct immuqoﬂuorcscenc.c of
a lesion scraping: All women with herpes zoster.hada previous
history of varicella. Herpes simplex was ruléd oat by immunofiuo-
rescence staining if the -lesionis were in the lumbosacral -derma*
tomes, There were 41 live births after maternal variéella and 14live
births after maternal Hetpes zoster, Informed’ consent for evaluation
of the infant was obtained from the mothers, Newbomn infarits were
cxamined for congenital anomaljes, Most infants were also cvaluat-
ed at one (o two years of.age, but L1 infants of moghers: with, vari-
i ‘ i zoster were-¢valuated
only at less than one yeariof age. The clinical ‘evaluation at one
to two yedrs of age'included a physical "cxamination’;'*t‘ Deaver
Developmental Screening Test, and Questioning for a history
hérpes zoster. Mosi childrén Were: examined’ by us, but '‘clini
data concerning five infants of mothers With " varicelld and ‘,‘w;:"
infants of mothers with herpes zoster were provided by the.patient .
pediatrician, o :
Laboratory Evaluation

Infants were studied for immunologic evidence of yaﬁgl'[a—i“

1
-

ter

infectiont with use of 4 solid-phase radioimmunoassay for 1gG o
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primary myxoedema patients: with. insulin-dependent diabetes iy s
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body patterns. A higher incidence of Patients .- with polyendocrine.. disease; and,vareivfound - more
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Felative’#isk -exists when! diabetesiand IngTy it hiay beerr sinpgested thar pancreati¢-aiitibodids might e

une -

s u’ifu('licathi:g ‘that

syndromes of diﬂ'grggt,agtjplogy—name]y, “juvenile” diabetes
(type Ia), in; which the autoimmunc-markerrmay occur in
Tesponse-to hypothetical viruses, and “/primary autoimmune?’, or
“polyendocrine”’ diqb;;es‘(type;lb);}' Results'ofea'recent study
18 childfen Tiad Supporfed “this “dual - BypOtHeEsis; since 1CA
persisting for more than three ‘years' were. strdngly associated
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patiets-and their families.tt." 1" | .. e e e

- Aﬁiimpbr‘tan‘tjqixé.stiqz"l:is'; éther fie or séparate genes
in linkage disequilibriush i ' HLA-BS: ¢onfer susceptibility
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toms rather than the physical- sxgns of life- cettamly needs S¥veéral different - solutlons 7 Alater 'stage of ‘the
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o1 and only
patients, Wwith 2, plasmasodium concentration .below 125 mmol/] in
thig qucimgn,,were.consideféd further,, L
Plasma sodium, potassiun, ‘and ures and uriniry urea_concentr-
tions Were Measured with a T'echxiivco‘n‘M,"hpﬁdzb@l‘ys"ér.'; plasma ird
urinary osmolalities By freezing-point depression with-an Advariced
0smbimetér;” plasma #nd urinary- Ciedtinitte - conéentrations “fith' a
Tcehxﬁodn“Ml"autoanalyscr;»plasma and urifiaty magnesium and
calcium concentrations by an atomj¢ absorption spectrophotometer}
andjiurinagy -sodium - and~»,pbtassium_-'cpnccnti-a iong. by a - flame

i _ §irm11;anc,ous ;blood» and -urine samples were; collected,

photometer, i

Results

R T e

PETEGR WY anu digg L]
44 patients (17 men, 27 women) witha, plasma spdjum
mcep.t.ragpm.cm;A%ﬁimmql/mml.gmqtbswms .Fepregented
2246 Andk 0'4% sespectivel; 'B,fzﬂl.‘{:EP}ﬂam?d%FF&?ﬁF!égf@ﬁ%ﬁﬂw&

ISP e ek el il

'i'igjmaﬁga‘i‘xﬁ‘jor%’gfg $h 21 91311 F ,r.\‘:!fg'qrj 1238y
'gaisiﬁié?ﬁmﬂq}iﬁéﬂ{ﬁ”wala?ﬁ%ifﬂf SGlely'ts Witidefics;
!mtﬁ%ﬁi&fﬁégm{&élﬁéﬂﬁfqﬁoﬁf heart!failurt) Noijerst
these padenmhifdéipéﬂphemlcnrbpﬂﬁmm:y“bé‘dmﬁWh'ed‘. Hypo
natraemic, and only three were clinically dehydrated, Teq patients
hzd:l’!qeiv“e‘dl @:rdyqol.isAG%;;ﬂcx'tiose o mrgery," t_ive‘gptf ithEse

oo Toceiying amaiiitenance difietic ¥ titmeats Mins castsiwere
attributed to gaatrgmtuuual and one o renafdosy of salt andi water)

; ; liver failure, and. jn four severely ill paticits there Wag no fecognised
." cause of hmmmma o B gu‘.uumuL
\ Symploms dttriburable to hyponatracmia, siich as meneal SRafysion,
Yassxtude, anorexia, nausea, and headache;} are nbnsppci;ic, and, it is
difficult in; practice to judge whether hyponatraemia or'the underlying

condition.is. w&por’xsib]é."tNevetﬂfelcis;, the :-hijponatraemia ‘wag’ con~

sidered fo be'the cause of symptoms in'31 Jpatients (70%), Ini five's ases
(thr'qa"iatfogéﬁi,&)"m‘e‘{_s'yfﬁptdﬁu’gwegg;fégﬁygre";i th‘x‘,l:g}’p‘é‘ii&ﬂj"wé’r'e

: grossly confused, one wag comatose; and one hid fitd. ' In two 5f these
' cases and one other hyponatraemia had lcd/ ,tp\r.hchpatient_’s ,qdmiggion.
v The hyponatraemia and - relevant symptons ‘cleatéd tapidly “afcer

: diuretics or intravenous dextrose. infusion had been.stopped, chest
infections treated, or salt and water losses replaced. Water restriction

or hypertonic salmc-wasnot‘nccdtd,md although*lZ’dcaths'nccurred"
Results of biochemical investigations were not received -in many

causes of

g there’ dpparent.t _ Like Tt} mas. ¢t 1, we ound; ’ai'béégctial "
selection, and we do not believe that ’fﬁliﬁit&ﬁi&@fwn is? i%%lgg(éilyé&s&é%ﬁg‘ ‘t;béatr"«gl %%Dﬁ'

~The investigatioris' roved unhelpful in differentiating the

. Similar comparisons using

plasmaurine ratios and combinations of creatinine, sodium, potassium,
Mmagnesium;: 8ad  caleium/concentratiogs s and :osmolality showed a;

| similar scatter, Only,one of, the patients, with diureticinduced hypo-

' ﬂatmev}!e41.@5};%!?5%?95%5ﬁafpﬁgqssg.t.rag%msré@mmlﬂ-;_.fm

. L . . . ot
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<iAlthough: al] \.patigpts'ﬁwith':m:plahma sodium coricentration,

; _below.125 iminol A-probably haye:symptoms,$ hybdnatrasmiais:
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: blood tests-jniaur serjes “weréiroutiriée oThe: true. iprevalénce-of;
‘ sever? hiyhonatraemia in‘an adult jnpatieny population may well:
be:miuch’ greater than:dur dataisuggest: Two-fifths-of .our:cases:
We;‘e'z:iatrdgenio;»wAt.cleast,; ‘half lof sthe: ¢ases: studied . by Arieff:
et al* were iatrogenic, though their group .of patients was.more,
selected than ours; Theoretically hyponatraemia should be less
of a problem with “loop” diuretics than with thiazides,? Of our
(PN cases, five were associated with frusemide treatment and eight
o ith thiazid ' ¢ also receiving
flical dehydra-

o some patients in both groups wer

’“':\v_;'f"‘ ’ tainmg"qiu:ﬁﬁ_és:’ﬁe-'ab;se.pce of ¢
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tion i most of the patients with diuretic-induced hyponatraemia
confirms, views that sodium depletion plays a relatively minor,
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. A 40 year old Wwoman was brought to the casualty department confused
and with incoherent speech, Injtia] ¢xamination showed no oth, abnormality.
Blood pressure: was 150/80 mm Hg and heart rate ‘88/min and ‘regular,

s, on both occasions she ved., There was | >onse,
linically and biochemically, Permission to stemal pressure or peripheral Painful stmuli"" Thérk' twas- géneralised
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the veatilator was.disconnected, ST :
. Résults of all other investigations had been normal, including ‘cerebrosping]
fluid and blood.semlogy and culture, and toxicology screen, Seov

At necropsy the brain was found to be soft.-The blood vessels Were
anatomically normg} but there was massive congestion of the veatral blagd
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vessels and of the midbrain and pons. There was tentorial herniation,
greater on the right. There was no evidence of previous cell loss or of
inflammatory reaction.

Comment

Water intoxication causes hyponatraemia, which is responsible for
the neurological dysfunction by causing intracellular overhydration.
Symptoms may occur if the serum sodium concentration is less than
120 mmol/l, but the degree of brain dysfunction corresponds with the
rapidity of development of the hyponatraemia. Intracellular potassium
concentration is reduced, partly due tp increased intracellular water
and partly due to loss of intracellular potassium, but it is not clear
whether cellular swelling alone or the potassium deficit is responsible
for the encephalopathy, The accompanying brain oedema is usually
transient but the intracranial hypertension may be catastrophic,
causing uncal and tonsillar herniation.t The intracranial pressure
later reverts to normal.? e .

In our paticat signs developed with such rapidity that therapeutic
measures succeeded in reducing the intracrania} pressure only after
irreversible brain stem damage had taken place,

dWe thank Dr A H James for permission to report this case and for helpful
advice, ) ” . ..

E
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Enteritis and colitis associated with
mefenamic acid ‘

Diarrhoea is a recognised side effect of treatment with mefenamic

acid, although inflammatory bowel disease has not been reported.
We describe two cases of acute colitis associated with treatment with
mefenamic acid, . [ c

CASE 1 )

A 43 year old man presented with a one year history of loose, bloodstained
bowel actions up to 10 times daily, abdominal colic, and weight loss of 16 kg,
He had been taking mefenamic acid (Ponstan) 250 mg by mouth three times
daily for three years because of psoriatic arthropathy.

Physical examination showed only pallor and dehydration. Results of
blood tests included: haemoglobin concentration (10'5 g/dl); white cells
11 600X 10%1 (33% eosinophils); serum iron concentration 40 umolfl
(22'3 pg/100 ml); total iron binding capacity 62 pmol/l (346 #g/100 ml);
erythrocyte sedimentation rate 15 mm in the first hour; and albumin con-
centration 31 g/l. On sigmoidoscopy the rectal mucosa appeared normal,
but a biopsy specimen showed signs of mild chronic proctitis. A barium
enema showed no obvious abnormality in the colon. Colonoscopy, however,
showed that the mucosa of the descending colon was abnormal, with areas

of aphthous ulceration and a cobblestone appearance; biopsy samples from
. 1 : il oAl 2
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crypts were normal and there were no granulomas, Stog]
negative for salmonella, shigclla,lmmpylobacter, virus parti
and Clostridium difficile toxin. Yersinia agglutination and ap
cence antibody tests gave negative results. Results of al
through examination were normal. Faecal fac excretion was
(23 mmol/(65 g)/24 h (normal <17 mmol (4-8 g)/24 h). 4
duodenal biopsy speciriten showed a chronic, inﬂzmma(ory o
the lamina propria but was otherwise normal, :

He was treated for six weeks with sulphasalazine without
Mefenamic acid was therefore stopped, and within 48 hours
pain and diarrhoea had stopped. His appetite improved, Teg
was again given mefenamic acid; the pain and diarrhoea recy
day. He did not take mefenamic acid for the following yesr
time he was free of symptoms, he regained his former weight,
variables were normalf

CASE 2

A 69 year old man presented with & two month history of d
up to six bowel actions daily, and weight loss of 4 kg. He ha

mefenamic acid 500 mg (Ponstan forte) imerminuxdy for
while' awaiting left ureterolithotomy. c .
Examindtion was'norma) except for atrial fibrillation. On ¢
pus was present in the lumen and the mucosa showed loss of va:
A rectal biopsy specimen showed active proctitis. Stool culture
Ity for sal lla, shigella, campylobacter and Clostridiu
microscopy showed that no parasites were Present. Full blood
of thyroid' function tests, and serum albumin concentration
but the erythrocyte sedimentation rate Waf 51 mm in the {
seromucoid concentration was raised (20 g/l (normal < 1.2
¢nema showed only mild diverticular disease.’ Barium fo
examination showed slight dilatation of jejunal loops, A du
specimen showed normal villi with a non-specific inflammato;
Mefenamic acid was stopped, and the diarrhoea resolved af
He began taking mefenamic acid again after an interval of thr
the diarrhoea returned within three hours, When the drug
again his diarrhoea settled immiediately. The e
rate, seromucoid concentrations, and sigmoidoscopic and
appearances were then normal. He did not take mefenamic ag
months of follow up and remained well,

Comment

Gastrointestinal side effects of mefenamic acid, althou
mon, are well recognised. One of our patients had mild :
and both had inflammatory infiltration of the proximal
both complications that have been reported before.! # Coli
does not appear to be a recognised complication, the m
being aware of only four other possible cases (Warner-La
personal communication). The unmasking of idiopathic i
bowel disease has been reported with other non-ste
inflammatory drugs.? The prompt and permanent r
symptoms in both our patients when treatment with me
was stopped and their recurrence on re-exposure, howe'
suggest that this drug caused the colitis. These observatit_)l
the nced for an adequate drug history in patients presentir
proctitis or colitis.

We thank Dr O F W James for permission to report on t
case 2, :
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ing therapy with mefenamic acid. Br Med ¥ 1976;i:397.
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