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Sub ject
"Tne Sugar Content of the Blood, Spinal Fluid
and Urine in Epidemic Encephalltis; its
Significance, and its Application to

 Diagnosis."
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The investigations on this subject were carried
out in the City of Glasgow Fever Hbspital,'Ruchill,
dufing the spring and summer of 1924,

From é survey of the literature it was evident
that thefe was considerable confusion of thought

regarding the sugar ¢ontent'of the spinal fluid

in encephalitis, and the followlng enquiry was
undertaken to elucidatelif possible its real sl gnificance,
A parallel investigation was therefore made on the
sugar content of the blood and urine, The presence
of ketone bodles in the urine has an allied interest
and this matter is touched upon, For a full
appreclation of the diagnostic significance of the
sugar content of the spinal fluid, it was found
necessary to add brief‘notes on the other examinatidns
usually made on the spinal fluid,

 The epidemic of encephalitis occurring in

Glasgow from March to September of this year affered

ample material for experiment
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I, A Summary of the Literature,
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The.sugar content of the éerebro-spinal £luid in
cases of epidemic encephalitis became of interest in
1920 when several French physicians found that it was
increased aﬁove normal.(ll) Typical among others,
Laporte and Rouzand(le)in a ser%g? of 12 cases, ané
Bourges Foerster and Marcandier in a series of 6
cases found & hyperglycaemia assoclated with a hyper-

glyéorraehia. This increase they considered to be &
valuable, aid in diagnosis, The methods of estimation
employed were not stated and they accepted as the normal
sugar conteht of the fluid Mestrezat's figure of ,053%.,

. (8)
The following year Foster in America  using the

Folin=Wu method, in a serlies of 15 cases found an increase

in the sugar cbntent of the spinal fluid but he could
 detect no c%rresponding hyperglycaenia,

Achard 1 in Paris summarizing his findings in 15
' cases coﬁcluded that "in lethargic encephallitis as in
many other infectious diseases we see an increase in
the amount of sugar in the cerebro=-spinal fluld; this
elevation is not, however, constant, but whén it does

exist it becomes a useful aid to diagnosis, for it
helps to eliminate an infectious meningitis whether
‘meningococcal or tuberculous." He also'did not find
an associated hyperglycaenia,

CoopefS) using the Folin=Wu method examined eleven
cagses of encephalitis and found that in 9 of these the
£luid sugar guve a reading over ,06%; but of 69
specimens from other diseases, mainly insanities, 60
gave readings over ,06%, He concluded that "the French

tendency/



tendency to regard a high sugar content of the spinal
fluild as in Pavour of lethargilc encephalitis‘does not
appear to be justified as figures quite as high ocour 1n
other nervous diseases,”

Perdrau(25 in summing up the rather discrepant
findings of these workers thought that it was unlikely
that the sugar content of the £luid was lncreased at
all, and he added that on only one point did there
geem to be agreement, viz,, that the sugar contant in
jethargic encephalitls was not diminished,

| Detalls were not given in any of these writings
aé to the time of the collection of the fluid or the

blood,

The question revived again in 1922 when Thalhimer
(=7)
and Updegraff in America qsing the Bensdict

. method stated that the sugar content of both blood
~and spinal~fluid was increased in encephalitis, Mo st
of their specimens of blood and fluid were taken
together after twelve hours starVatidn. They
| 1nvestigated the sugar content of sevéral normal
fluids and they based their conclusions on the much
higher figures obtained in fluids from encephalitis,
| None of the%g authors Ilnvestigated the blood sugar
curves, Schwab 6)1n the course of an investigation
of sugdr curves in neurological cases included seven
cases of encephalitis but no details are given as to
the stage of the 1lllness, Four were normal; 1two
showed a return to the fasting 1evél within three
hours, and one was of the di&betic type.
. Few references can be found regarding the sugar

(23)
in the wurine, The Ministry of Health's Report

mentioned/
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mentioned two cases of encephalitis which developed

(1)

glycosuria and Achard quotes a Case with renal

glycosuria, '

- .-

II, Methods of Examination Employed,

Patients were starved over-night for 12 hours and
speéimens of b;ood, spinal fluid and urine were taken
in the morning,

When full blood sugar curves were made, 50
grams of glucose or its equivalent in young children,
dissolved in eight ounces of water, was administeded,
and specimens of blood were taken usually at half
hourly intervals up to 24=3 hours, 1In these cases
lumbar puneturé was done as soon as the last
‘specimen of the series was taken,

The blood éamples were removed from a vein of
the forearm by a small hypodermic syringe and a fiﬁe
needle, No tourniquet was used, The upper arm was
firmly grasped and the forearm magsaged lightly
upwards for a few seconds, This procedure occupled
the minimum of time and was less dreaded especlally
by children than pricking the finger,

Specimens of spinal fluid were obtaihed by
lumbar puncture, This was performed under a local
anaesthetic, viz, 1 c.c, of & 8¢ solution of
novocaine, A puneture thus made was attended by
no pain and 1little discomfort and the patient lay
quite still, thus enabling a fluld free from blood
to be secured, In a few cases chloroform Was
administered, .

The/
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The sugar content of the blood and spinal fluid
was estimated by Maclean's method(lg) for blood
sugar estimation, In the case of the fluld, 43
OT .4 ¢.c, was used for examination instead of ,2 c.c,
in the case of the blood, The results were corrected
accordingly, |

A sample of urine was obtained before withdrawing
gspeeimens of blood and fluid, In cases where
glucose was given a second sample was procured about
3 hours after the administration of glucose, On
each sample two qualifative tests for sugar were
,perfbrmed.

(1) Egual parts of Benedicet's qualitative solution

and urine were together carefully bolled for'two

minutes and allowed to cool, Fehling's solution

was aiso used for comparison,
(2) A fPermentatign test was performed as follows:=-

. Phe urine was acidified with a little tartaric

acid, then boiled to drive off alr, On cooling

about 10§ of fresh yeast was added and the |
mixture placed in a fermentation tube in the
incubator for four hours,

The Rothera Test for ketone bodies was applied in
each case, and was performed as follows:= One inch of
urine in a test tube was mixed vith an equal quantity
of a saturated solution éf ammonium sulphate, A few
drops of 133 sodiumﬁnitroprusside.freshly.prepared and
one inch of ammonium hydrate were then added and the
whole shaken up, The development of & permanganate

colour indicated a positive result,

.




IIX, Experjments on the Sugar Content of the
Blood and Spinal Fluid, [Five Series.

sugar content, the specimens being taken gilmultaneously
after 12 hours' fasting,  See Table No,I,
The blood sugar content varied from ,068% to

" ,128%, the average being ,095%, These figures
correspond with those (,08 - ,12) given by Maclean
~as normal for the fasting level in a healthy person,

The sugar content of the spinal fluild ran from
.042% to .O?QZ and the mean was ;05&%.

The relationship expressed as a percentage between
the sugar content of the fluld and the blood at fasting
level varied from 49 to 70 and the average was 59,

Unfortunately no literature is available on the

normal spinal fluid sugar estimated by Maclean's Method,
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TADLE NO, 1.

The Samples of Blood and Spinal Fluid were taken simuitaneously after 12 hours starvation.

nny. e

Ro. Fatlent |Sex | fge Bay of dyiness. 22"2%1;. Hlog? Sugax Sugar & ngiilzi;:d. “Globulin % * mo
1 .G, F, 31 10 L.E. .128 070 10 + (slignt) 54
2 E.MeP, | P 36 3 L,E, 123 060 30 - 49
3 o F, P, 12 28 L.E, +109 . 061 < B * 66
4 3.B. ¥ 36 4 L.E, 100 056 60 - > S
B AP, M 4 - | No aggzg:x;:i +109 « 083 <5 - 49
6 M,MeL, | F 8 12 L.E, 108 060 <8 - Y
| AM, ¥ 15 15 L.E. 106 085 20 - 88
8 7.7, Y 14 L.E. 104 L 056 10 |, e 5
” 3D, M 47 27 L.E. 4100 . 058 <B - B8
10 R.S. ¥ 2 - | No apparent + 099 . 059 <5 - 60
diseage,
11 D.K. M 15 E L,E. 098 086 <5 - sy
12 a.4, M 16 13 | L.E, +095 068 20 + slight Y
13 JR,® | ¥ 51 8| | L.E, 091 +060 20 * | %
14 a,s.” F 20 17 L.E, ,089 052 5O - 58
15 M.E, Y v 13 L.E. .89 0882 15 - 68
16 M,MoS, | F 30 33 Cystitis ,089 081 <5 - BY
17 M,A, F 25 12 L.E. . 087 059 50 - 08
18 ANeQ, | F 8 16 |  L.E. .086 . 059 40 " P |
19 3.M, u 20 L,E. 085 058 80 P
BO 8.A, M 2 4 L,E. ,083 + 055 310 * ( a8
=1 w.D, M 12 |Intestinal 082 +058 <5 - 70
22 J.MoD, | M 38 o | FLES . 081 054 80 - 67
23 3.c. u 25 L,E. 078 052 <5 * &7
24 M.D, M 14 20 L,E, 072 044 10 - 60
25 D.v, M 9 29 L.E,? ,068 . 048 B - és
Avorage 095 . 086 59
x o
‘These cases vwere lumbar punctured under chloroform,
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e, he Sugar= tent of the

d and S al Fluid,

D ) S S S

Serjeg II,

wvhic a ss of al fluild take revious to

gpinal snaesthesjia were egtimated for sugar, (See Table No,
II

None of these patients could be described as

strietly normal, Together with the two cases incorporated

from Table I they furnished the only controls avallable,
The figures vary from ,050% to ,065%, striking an
average of ,057% almost identical with that of .056%
in.series I, Unfortunately it was impossible to

take simultaneous samples of blood for sugar estimation,

The absoiute figures for normal spinal fluid
obtained by other &orkers using different methods,
cannot be compared with those quoted above, but the
ratios between the blood and fluid sugar reaéings, no
matter whai the method used, are of value for comparison.
In a2 series of normal individuals,Sehan and Nixonf25)
using the Myers~Bailey Method, foﬁnd‘that the ratio
between the fluid sugar and the blood sugar was on
an average 56 with a minjmum of 48 and a maximum of
70, This result agrees closely with the 1limits of
49 and 70 and the average of 59 obtained in Series I,

As the sugar ratios between the fluid and blood in
encephalitis cofrespond with the nbrmal ratloy, and as
the leval of the blood sugar in encephalitis is within
normal limits, it does not therefore appear unjustifiable

to conclude that the sugar content of the spinal fluid in

cases of‘encephalitis is also within normal limits,
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T NO,XII. v
No. Patient, Sex, rge, Diagnosis, Spinal fluild sugar eem;rgmt; Tine ;ta-kon after food.,
1 M8, F 26 Uterine Fibroids + 054 12 hours
2 A.C. M 68 Gangrene of leg 062 '8 hours
3 L.H. F 17 Appendicitis + 061 ' 9 hours
4 M.S. P 35 Appendicitis 085 9 hours
5 3., M 41 Gastric ulger 2056 ¥ hours
6 | nr. ¥ 29 Uterine fibroids 052 10 hours
From | % AD, X 4 No apparent diseass B3 12 hours
pable X.{ E.S. F 2 No apparout dlsease 069 12 hours
hrorags « 087
Cases of leningitis,
No. Patient Sex Age, | Day of illness.|  Disgunosie. Blood Sugar §.| Spinal fluid Sugar £, Ratiey
1 ¢.L, ¥ 13 13 Tubsreulous. . - . 056 -
2 { J.4, M 4 15 » 080 ®5 4
é :ﬁ' M 4 18 * ." :094 -
8 P2, P 2 10 " 076 083 45
4 | na, v, 18 18 » - 089 -
B 1,E, v 4 14 " « 085 . 088 W
& 13, K 2 17 | * - a9 - A
4 8.4, P 16 3 | Mentngosocoeal JOP6 JQ4 is
s | ns, r 2 4 | oow - «008 =




ment n the Sugar Content of the Blood

apd Spinal Fluld,

. . . -

Serieg III,

a £ men tis, tubercular and

m eningococeal weze ;gzestigated as to the

ggg&z content of the spinal flujd, (See Table No, ii1i,)

Thé figures range from ,o08f to ,036%, the
two lowest being the meningococcal cases, The
.~ amount of sugar thus shows an absolute decrease,
_The blood sugsr content is not diminished and the
retio of the fluid sugar to the blood sugar varied
from 15 to 44, demonstrating also a relative decrease,
Liow levels of sugar are recognized to occur in

(5)
infeetive meningitis (Coope ). In some cases,

(17)
sugmr is sald to be totally absent , (Levinson,)
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E;Qérggegts oL the'Sggar Content of the
| B d_a, S al Fluid,

Serjes IV, _
in which blood sugary ourves were derived from 20

cephalitis, and an estimation made
in most iunstances of the_ sugar in the spinal £iunid

at the close of the curve. (see Charts 1-R0, Graphs 1 and R
' ‘ and Table No,IV,) ‘

The charts are self-explanatory. The type of
" 4]1lness is classed as mild, moderate or severe on
general constitutional grounds, | It is stated
whether the patient was febrile or not when the
specimens were taken, md the predominating symptomn
is given, ‘

(20)

According to Maclean a blood sugar ourve 1ls
normal if 1t does not rise above ,18% and if it returns
to its original level or nearly so, within two hours
after a single dose of 50 grams of glucose, An
abnormally high or prolonged curve 1s usually evidence
of delay in the storage of sugar by the liver,

| Chart 1 from a very mild case during convalescence
is typically normal,

Charts 2=5 all show a delay in returning to the
fasting level, signifying a slight defect in liver
Vstoraga.' In these cases the urine éontained no sugar,

‘Chart 6 from a pregnant woman shows pradtically
‘no rise but the urine contained a small amount of
sugar indicating a mild degree of renal glycosuria,

In Charts 7=9 the fasting specimen of urine was
clear but the second specimen taken after the glucose

administration contained traces of sugar,
show delay in regaining their base lines,

The curves all



11,

Expgztmgnps opn the Sugar content of the
apd S al Fluld,

Chart 10 was from a doubtful case of encephalites
" eomplicated by acute rheumatism, The curve polints to
a distinct defaet: in liver storage,

Charts 11, 12 and 13 were from severe cases of
which two dled, A considerable derangenent of
metabolism is evident, The last of these charts
from & man of 59 whows a curve of the diabetie type.
All these cases had definite glycosuria, In the last
. case the glycosuria cleared as the ﬁan recovered,

Fron a survey of these results, it hay be
concluded that a defect in liver storage 1ls present
in the acute stage of encephalitis;  in the mild
cases the defect is slight but it is considerable in
gevere cases, |

Comparison was made ﬁith blqod sugayr curves
obtained from patients with other febrile diseases;

Charts 14 and 15 were from severe cases of
diphtheria, |

Chart 16 was from a case of measles,

Charts 17 axd 18 were from two cases of advanced
pulmonary phthisis,

Charts 19 and 20 were from cases of Intestinal
Toxaeﬁia.

From a study of charts 14=20 we gee that each has
" a prototype in the eneephali%%g series,

Phalhimer and Updegraff ) adduced as one
explanation for trle high blood sugar readings they found
in encephalitis, the possibility of a lesion in the
mid-brain or near the fourth ventricle, Both these

are common gltes of haemorrhages and round celled
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ghe samples of blood

TABLE NO. IV, (derivedc f£rom blood sugar curves in the geries of chavts).

er the administrstide

' were taken after 12 hours fasting and the samples of fluid 2«3 hours aft

of glucese.,
¥e . Patient Sex, Ags, | Day of IllnasF. Diagnosis, | Blood Sugar 4 Spinal Fluid, Fluid Blood
. , , Sugar 4. [Cell count, Globulln, Sugar Ratie
. - _
3 KB, ¥ 654 11 L.E, (d1ed) 155 ¢ 120 + 59
8 R.C. 4 31 g LB, {died) J117 T8 110 & 67
3 ER P 18 17 LB, 117 U4 60 - 55
& B.M, M 15 28 L.E. J113 .03 30 - 65
& 310G, ¥ 10 3 Intestinal J111 074 .6 - 67
' : Toxacula, ‘
4 M, H, ¥ 7 12 L.E. J111 369 30 - 62
& 3.8, P 13 13 LB, . 096 085 <B - sy
9 R MeK, M 11 10 L.E,? 095 « 083 - - 87
® ™ Rhmmwbm Fever ,
10 EC. ¥ 20 8 LiE. ,093 0860 90 + 64
1 3.A, M 59 L B, ,087 093 50 - 107
13 v, M 6 * Intestinal 085 . 099 - - 106
Toxaonis,
i4 u.D, M 15 30 L.Ee 070 JO47 - - 7
ib WoTo u 4 9 L Ee . 087 + 049 60 - 3
. Awerage | #3100 N s 70

fanbay puncture under shloreforum,
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ment s the Sugar Coptent of the

Blood and Spinal Fluid.

infiltration in enéephalitis.' Such leslons they
supposed might act like the piqﬁre of Claude Bernard,

This explanation 1s theoretical and it does not
aseem necessary to make use of it even in the interpretation
of the abnormal blood sugar curves existing in
encephalitis, It 1s sufficlent to assume that the
diéturbance_of glycogenic function is a manifestation
of the infection and toxaemla, The curves demonstrated,
those from encephalitis as well as from other dlseases,
gshow great variety and no one disease appeafs to show
a disBinguishing type of curve, The uncertain influence
of toxaemias and infections on the nature and constaney
of the blood sugar curves, has been pointed out by .

(=2) (=6)
Olmsted and Gay, Skhwab, studying curves
from various nervous diseases including encephalitis,
cpncluded that "from the neurological standpoint it was
impossible to attach characteristlc types of ocurve to
one type of disease,"”

Similarly it may be eoncluded that there ié no
variety of curve peculiar to encephalltis,

From 8 scrutiny of Table No,IV which 1s deri#ed £rom
the blood sugar charts, it is seen that in the 15 cases
in which.lumbar puncture was performed at the end of the
: bléod sugar series, the average fasting level of the '
blood sugar was ,100¢ and the average level after
glucose, of the spinal fluid sugar was .071%..

Compared with the figures in Table No,I. the blood

sugar fasting level was merely ,005% higher but
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gggerigegts on the Sugar Content of
od and Spinal Fluid.

- n IR S W 0 P

the average spinal fluld sugar level was ,OL5% higher,

The ratlo between the £1uld sugar and the blood sugar

was on @ average 70 with a minimum of 54 and & maximum
_of 10¥; this ratlo is higher than the ratio which obtained
in Series I, '

When the results in Tables I and IV are plptted as
graphs, it is gseen that in Graéh No,I the fluld sugar
readiﬁgs are roughly parallel to the blbod sugar readings.
Tn Graph No I that relationship is disborted, Accordingly
an investigation was made to determine the effect of the

ingestion of glucose ol the spinal fluld sugar,
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Experiments on the Sugar Content of the

Blood and Spinal Flu d,

Series ¥

in which contemporaneous sugar estimatlions were made at

intervals after the administration of glucoge of the

blood and gpinal fluid in 3 caseg of encephalitis
(See charts 21,22, 23, _ Also charts 24, 26 and 26) o

Lumbar puncture was done immediately the first
blood specimen was taken, and a sample of fluld was
ﬁithdrawn. The lumbar puncture needle and stylette were
kept in situ, ‘Fifty grams of glucose was given,

Samples of fluid #ere removed at half=hourly intervals
by withdrawing the stylette, the first drops on each
occasion belng discarded, All the patientsvwere
letharglic and at first lay quiet, 1a{er they complained
of being cramped in the back, When they complained the
procedure was dlscontinued,

Chart 21, = The blood sugar curve shows delay in
attaining its maximum but £he fall when it occurs 1s
rapid, On plotting‘the spinal f£1luid sugar values, a
 gradual rise begins after the first hour, It is noteworthy
that the highest reading for the Spinal fluld sugar was
obtained when the blood sugar had returned to fasting
level, The second specimen of urine whowed a slight
féduction of Benediect's solution,

Chart 22 from a pregnant woman shows a case of
lecosuria, perhaps renal in type, There is a rapid
f;ée jn the blood sugar and the spinal fluld sugar begins
to increase after half an hour,

Chart 23, The blood sugar curve takes 2 hours £o

attain its maximum and the fall, as far as is shown, is

equally gradual, The appearance of an increase in the



Experiments on the Sugar Content of

the Blood and Spinal Fluid, 15,

gpinal fHgld sugar is delayed by one hour,

Charts 24 and 25 show blood sugar curves from two
cases @f encephalitis; chart 26 was from a case of
tuberculous meningitis, In these patients, two lumbar
punctures were made, one before the exhibition of
glucose, the other along with the withdrawal of the

1ast blood specimen,

 Chart 24, '~ The blood sugar curve shows some delay
in liver storage, The second reading of the spinal
£1luid sugar is .OGZ compared with the fastling level of
.045%, | |

Chart 25, The sugar curve is abnormally high and
prolonged, The first specimen of spinal fluid contalned
,061% of sugar; the second taken 3% hours later contalined
,094% of sugar, The woman had an enlarged thyroid gland but
there was no exophthalmos,

Chart 26 was from a case of tuberculous meningitis,
The low spinal fluid sugar at the onset, viz, ,024%
inereased to ,029% after 2% hours.

In the first three cases a definite spinal £luid
sugar curve is demonstrated and the other 3 charts give
further evidence of its existence, This curve shows
deiay in starting compared with the blood sugar curve,

The highest sugar readings for the spinal f£luid occurred
when the blood sugar curve was in the descendant,
Unfortunately the decline of the fluld sugar curve could
not be demonstrated as the patients became restive, The
ectuag

eontwal rise is a small one, the highest being an inecrease
of ,033% in 3% hours (Chart 25,) but the level attained

may excéed the fasting level of the blood (Chart 23), The
nature of the curve evidently bears &a relation both to the

height and the prolongation of the blood curve,
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eriment the Sugar Coptent of
. d g S al Fluid,

Discussgion,

No reference to'the existence of a spinal fluid
sugar curve can be found in the 1iterature, but high
valﬁes for the fluid sugar are knoﬁn to %gg?r.in
‘diabetes, For instance Sehan and Nixon found'a
spinal fluid sugar of. ,729% associated with a blood
sugar reading of ,747%, It is obvious that a fuller
‘study of the spinal fluid sugar curve could but be made
in severe cases of diabetés. Probably the rise in the
£iuid of normal persons would be too low to be appreciated,

It might be objected that the spinal fluid curve
demonstrated 1s due to the fact that the fluld was
takeh from cases of encephalitis where a definite lesion
on the vessels of the central nervous system 1s known to
 exiat. But Charts 19 and 20 from cases of Intestinal
Toxaemla showlng qulite unusually high blood gugar curves,
give fluid sugar figures of ,074% and ,099% after the
éonsumption of glucose, These figures are both above
the average fasting level of ,056f fotind in Table No,I
where the highest fasting level found was ,070%, Their

* £fluid blood ratios are also high, viz, 67 and 106,
Similarly Chart 10 from a doubtful case of encephalitis
rcomplicated by rheumatic fever, gives a fluid blood
ratio of 87, It is likely that whenever there is an
abnormally high or prolonged 5lood sugar curve, & spinal
flﬁid sugar curve could be deteéted without difficuity.

Disregard of the time relationshipAbetween lumbar

puncture and & meal, has evidently been responsible

for the high spinal fluid sugar figures obtained from
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Experiments_on the Sugar content of the

Blood end Spinal Fluid.

meny cases of encephalitis. The high(§i§ures also (i7)
obtained by observere such as Hopkins and Levinson
in such diverse conditions as pneumonia, nephritis,
erysipelas and morphine poisoning, could similarly
be asccounted for, as well as the anomalous relationship
between the sugar of the fluid snd the blood in which
the fluid sugar equalled or excelled that of the blood.
| Alcohol as well as sugar passes readily into the (i?)
cerebro-spinal fluid. Schottmuller (quoted by Levinson)

showed that after the administration of alcohol, the
aicohol was found in higher concentration in the cerebro-
spinal fluid than in the blood. It is probable that the
estimations were made at a time when the blood alcohol
wave was on the decline and the spinal fluid alcohol wave
at or near ites creste.

It is evident that onlj when specimens of fluid and
blopd are taken togethpr after a period of_fasting‘can
a true ratio between them be obtained. No matter what
method of sugar estimation is employed it would appear
that if the ratio is less than 50 the sugar content of
the £luid may be said to be decreased; 1f the ratio were
to,exceed 70, there Wguld be grounds for claiming the

existence of a "hyperég}?corrhachia."
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IV, The Sugar and the Ketong Bodies
in the Urinse,
I, Suger.

The urine passed after a meal from the'majority of
cases in the acute stage whether febrile or not, éhowed
a certain departure from normal, On boiling together
for two minutes equal parts of urine and freshly made
Fehling'é solution, there was an alteration in colour and
translucency of the liguld, The effects obtained varied
from a clear green, through an opalescent olive gfeen, to

Aentoc ol ( 192)

a dirty brown taBted solution, Maeclean ~considers
that the majority of such reactions are evidence of the
presence of small amounts of sugar above normal, Certainly,
those cases showing an abnormally'high or prolonged blood
sugar curve gave urines producing such phénbmena. In

“thﬁ @Evere Cases, Fehling's solution was more definitely
reduced and the urine from such cases often caused &

~ degree of reduction even where the sample was bassed
after 12 hours' starvation. (see charts,) As 2
patient's general condition improved and the tongue
cleared, the uriﬁe 1ost its power of reducing Fehling and
convalescents rarely had urine causing reduction, In
convalescents causing reduction, a degree of reducing
bower was probably a normal property of the urine,

These amblguous reactions‘seem to be common in all
febrile disorders, They were found in the urines from
patients with scarlet fever, diphtheria; measles,
erysipelas and phthisis, For example, specimenS'of

urine were obtained from two sanatoria each containing

%4 patients, One sanatorium contained chiefly

advanced/
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adﬁanced cases of phthisis; 28 of the 34 urines from
this ward reduced Fehling's solutlon,. The other
sanatorium used as an observation-ward, where mo st
of the patients had not tuberculosls and were up

and about, provided specimens of which only 7 caused
reduction,

Though this phenomenon is obviously of no
diagnostic value, the disappearance of a reducing
subgtance from a patient's urine in the course of an
illness, might conceivably be of somé progno st ic
significance, V

IT, Ketone Bodies (See Table No.V,)

The urine taken the day after admission of 21
out of 30 cases (7Y0Z) of encephalitis in children
gave a positive Rothera reaction, Inlz cases only
was the test positive during the second week, Only
9 out of 30 adult patients (18%) gave a pdsitive
reaction, qften faint, on the day after admission,
but in all cases this rapidly disappeared, |

| Ketone bodies are known to occur in the urine
from certain fevers particularly scarlét and measles,
In the latter connection épecimens of»urine.taken
immediately after admission to hospital from 20
pastients, including four adults, in the acute stage
of scarlet fever, gave strongly positive reactions in
19 cases (95%), 9)

Apart from the specific fevers, Frew  showed
that 60f of all cases medical and surgical admitted to
a Children's Hospital had "acetonuria" on the second

day/
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day after admission, The acetone had usually
disappeared by the fourth day. - He éhowed that a
positive Rothera reaction did not depend on the
nature of the dlisease, He attributed the ketonuria
to a temporary fallure of digestion brought about
by alteration in diet and he concluded that it was
very common in childhood, |

Although ketonuria 1s so frequent in children
and is merely an indication of altered metabolism
due to a gréat variety of causes, often trifling
ones, the routine applicétion of the Rothera Test
gave a clue to the nature of the illness in four
cases (ecertified encephalitis) which were admitted
to hospital during}the epidemlc, Two of these

cases are discussed in the next section,

-0 0o -
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The Application of the Results Obtained to

the Diagﬁosis of Encephalitis.

I. The Spinal Fluid Sugar Content.

In infective meningitié the spinal fluid
gugar 1s decreased absoluﬁely as well as relatively
to the blood sugar, and it is within normal limits
" in encephalitis, It was found that a rough idea
of the sugar conteht of the fluid could be obtained
as followst=-

Boll one inch of freshly made Fehling's solution
in a test~tube, Add one inch of spinal fluid and
boll carefully for two minutes, Examine immedlately,
If against a black background the solutlion shows a
red or brown opalescence the sugar'content is not
 decreased, If the opalescence is greenish a
decrease may be suspemted, If there is mo reduction

even after adding drop after drop of dilute acetic
.acld, the amount of sugar is infinitesimal, In all

- instances, unless the amount of sugar is excessive, the
solution should remain blue by transmitted light,

If a specimen of fluid is purulent, there is
no question of encephalitis; if clear, tuberculous
menlingitis must first be eliminated, To apprecilate
fully the role of 'sugar estimations among other
examinations of the spinal fluid, a resume of tl se
is given, The notes are based on the examination of
the spinal fluid in 126 cases, 88 of which Weré
considered to be encephalitis, The series included
12 cases of tuberculous meningitis, Unfortunately no

case of brain tumour or cerebro-spinal syphilis ocaurred

“in/
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in the series, but from the work of Sehan and Nixon

4t was found that the sugar content of the fluid is
apparegtly normal in brain tumour, oerebro-spinal
syphilis, tabes dorsalils, syphilis, hemiplegia,
disseminated sclerosis, neurasthenia and arterio-
sclerosis = diseases which include most of those

of nervous origin liable to be confused with
encephalitis, In hysteria these writers found a
slight inerease in the sugar, but it was so small as
to render it useless for diagnostic purposes, It
‘would appear that only in the differential diagnosis
.%petween encephalitis and tuberculous meningitls,

wae the estimation of sugar worth while,

Noteg on the Examination of the Spinal Fluid,
A dlagnosis of tuberculous meningitls was made
oh the findings given below which are compared with
those found in the acute stage of encerhalitis, |
A, Suggestive,
(1)- A elear fluid usually escaping under greatly increased
pressure, '
In endephalitis the fluid is clear but the
pressuré is not always increased, Only rarely
is the pressure increased to the extent found in
tuberculous meningitis,
(2) The formation of é pellicle on standing, This
formed in from 4 = 12 h?%g?. Its absence does
- not exclude nmeningitis,
Pellicle never formed in this serles of

cases of encephalitis and this conforms with the

literature/
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Diagnogis of Encephalltls.

1iterature on the subject, But in the journals of
the Hospital is found the reecords of what was
presumably & casé of the meningeal type in which
pellicle formation occﬁrred. The post=mortem
£indings were those of encephaliﬁis, viz, sleave
haemorrhages, round=celled perivascular infiltration
and @egenerated nerve cells, The meninges were
infiltrated with mononuclears and plasma cells, No
organisms were found, *
(8) An increased cell count ,
| Method of counting. The fluid was examined as soon
as poss1ble after withdrawal, The test=tube
containing it was shaken and a drop placed on
the stage of a Thomas Zelss haemocytometer, The
number of cells in the large square was céunﬁe&.
This gave the cell content of 1/10 cub,mm, of
4 £luid, The number multiplied by 10 gave the cell
content per cub,mm, A series of readings was
taken and an average made, The possibility of
red cell contamination was controlled by centrifuglng
the fluid and staining the deposit with Leishmann's
stain, The stained cells also enabled a differential
eount to be made, |
In the seriles of'tuberculous cases the counts
varied from 150 to 700 per cub,mm, The cells in a
healthy subject do not exceed B per cub o, (Levinson),
In encephalitis, 45§ of cases in the acute stage
showed no increased cell count 4 Counts over 100

wore/
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were uncommon, but in one case the numbsr reached

was 540.‘ It was found that a cell count of over

100 could readily be detected by the naked eye,

N(4) The cells are usually an admixture of mononuclear
and polymorphs, |

In the 12 cases examined, polymorphs were
present up to 65%, in one case only were
mononuclears found alone,

In encephalitis,mononuclears, apart from an’
occaslonal endothelial cell and a very ocecasional
polymorph, were the only types found,

(5) An increase of globulin, | |
The Nonne-Apelt Test (phase I) was employed: equal
parts of spinal fluid and a concentrated solution of
ammonium sulphate.neutral in reaction, are mixed in a
~test tube, If a white precipitate occurs in 3 minutes
the globu%%g)is sald to be increased, (quoted from
Levinson).

In Tubercular meningitis the solution was usually
milky and opalescent, This contrasted with the
appearance in encephalitis where ti-e precipitate,
present in 18% of the acute cases, was slight,

(6) A low sugar content,

B, Definite. The finding of the tubercle bacillus'
in the pellicle,
In 3 of the 12 cases, tuberecle bacilli ﬁere not
found till post mortem, |
‘ The following two cases illustrate the application
' of sugar estimations to the. spinal fluid,
Case I, (see Temperature Chart No,l,)

J.lM,, a boy aged 4, certified Lethargic Encephalitis,

was/
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was admitted to hospital on the 15th day of illness,
The illness began with vomiting and headache, He
became d}owsy and suffered»from time to time from
pain on the right side of his face,

On admission he complained of pain in the back of

his neck. His head was slightly retracted and the
neck muscles were rigid, The pupils reacted well,
The abdominal reflex was depressed, Kernig's sign was

indefinite,. Pulmonary signs were abscént, His
appearance and history suégested Tubercular Meninglitis,-
There was no tuberculosis in the family,
Lumbar Puncture after 6 hours' starvation,
Cell count 210 per cub,mm,, 6% being polymorphs,
Nonne Apelt Test:= slight milkiness,
Sugar: green opalescence against .a dark background
" on bolling with Fehling's solution,
By estimation: .Osa%.; Blood sugar: ,080%,
No pellicle formed on standing for 24 hours and no
tubercle bacilli were found after centrifuging,
Comment:= In favour of meningitis were the presence of
polymorphs and the low sugar content, but the reading
for this ,035% was not far below ,048% the lowest
figure in Table I, The ratio between fluid sugar and
blood sugar was low, viz, 44.‘ The absence of élot was
unusual in meningitis, The cell=count and the globulin
1ncrease~wodld conform with éither disease,
Three days later the head retraction was much less
evident.‘ Teere was ptosis of the left eye=lid, The
‘pupils were dilated and fixed, Cont inuous myoclohic

movements of the muscles of the fingers and forearms were

present,/
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present, Both cheeks showed occasional twitchings,
The child's condltion was Very serious, The

temperature had been swinging fvom 98°B, to 102°F.:
the pulse rate had varied between 60 and 140: the

respirations had crept up from 30 to 45,

Lumbar Puncture repeated after 6 hours'! starvation;

Fluid cla@r under considerably increased pressure,

Cell count 290 per cub, mm,, 2% being polymorphs,

Nonne=Apelt Test: definite milkiness,

Sugar estimation:  ,024%,

Again no clot foumed and no Tubercle Bacilli

were found,

Two d§ys 1atér the child was obviously going to
die, He was unconsclous, The respirations were
60 and the pulse rate and temperature still swinging,
There was doubl® ptosis: the left pupil remwained
dilated and fixed, the right being minutely cout racted,
The right arm and hand were rigid and held against the
body in the position of tetany, The left arm made
vague searching movements into the air, There was
abdominal retraction and retention of urine,
Next day the boy died, At the post mortem, the

gelatinous exudate at the base of the brain was found
to be swarming with tubercle bacillli,
Comment: The variety of symptoms, viz, ocular palsies,
myoclonic movements,rigidity ete,, though not uncoimmon
in tuberculous meningitis, made the diagnosis doubtful
from the clinical point of view especlially as
encephalitis was rife at the time, The spinaltfluid
did not clot = a rare occurrence in tuberculous
meningitis - and it happened that the bacllll were not

found, The presence of polymorphs and the low sugar

content alone made possible a sure diégnosis.
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Diagnosis of Endephalitis.
Case II, (See Temperature Chart No,2.)

R,C, & boy aged 16 on waking in the morning had
jntense ocecipital headache and pains radlating over
the shoulders and down the spine, He ﬁent to work
but had to abahdon it, In the afternoon he found
that he'was unable to bend his head forward, For
a few hours he Waé said to have had twitchings of
his right foot, On the following day he was
admitted to hospital certified Ceresbro-Spinal
Meningitis, ' -

The boy did not look very ill, He was mentally
bright and was very talkative, His‘temperature was
101° abhd his pulse rate 83, There was distinct
-head retraction and.the neck muscles were rigid,

. Hie head could not be moved forward and any attempt
to do so caused considerable pain, The.only other
definite signs apart from a lightly coated tongue,
were a complete absence of the abdominal reflex and
“an obliteration of the naso-labial folds, but there
was no definite facial paralysis, The urine gave a

positive Rothera reaction and on boiling with equal

parts of Fehling, the solution was green and opalescent,

Clinically considered, the case might well have been an
early meningitis,
Lumbar Puncture after 9 hours starvatiou:=-
A clear fluid (under slightly increased pressure, -

Cell count: 5@ per euby., mm,, all mononuclearg,

‘Nonne Apelt Reaction: slight but distinet precipitate,

Sugar: Fehling's solution red againstca'dark .baekground,

No pellicle formed on standing, and no organisms

were found,
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T"he Application of the Results Obtained to the

Diagnogis of Fncephalitis,

Comment: On account of the absence of pellicle
formation and the absence of polymorphs, it
was presumed that the case was not one of
meningitis, The normal sugar‘conteni increased
thié presumption,

In 2 days the headache and rigidity of the
. neck disappeared, 1In a fortnight the abdominal
reflex had returned and the face resumed its
full expressién. The Wassermann turned out
to be negative.

Comment : . The only possible diagnosls, as the case
occurred during an epidemic, seemed to be
encephalitis,

anclus;gns: These two cases were unusual and it
is rarely that an examination of the sugar contenﬁ
of the fluid is called for, In no single case
was 1t the sole indication of the nature of the

’disease; it merely confirmed a diagnosis already
suggested on other indications, Only in the
differential digdgnosis of encephalitis from
tuberculous meningitis is a knowledge of the

spinal fluld sugar of value and that value is
limited,

II, Inhe Ketone Bodies in the Urine,

The following two cases illustrate the value of the
'application of the Rothera Best to the urine,

Cage 3ii. (See Temperature Chart No,3,)
JeMeG, a boy aged 10 certified eneephalitls wasg

admitted to hospital on his second day of illness, The

previous/
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Diagnosis of IFncerhalitis.,

previous morning he complained of intense frontal
headache and severe abdominal pain, - In the .
afternoon he had become drowsy and at night he was
delirious, attempting to get out of bed,

On admission he looked acutely 111, His lips

were cyanosed and he sweated profusely: his pulse
was of poor gquality and he lay in a restless
delirium, His tongue was thickly coated and his
mouﬁh dirty, From time to time he vomited a
vgreenish vomit and his breath was reeking with the
smell. of acetone, The stocols were loose, green and
contained mﬁcus. His temperature was high,
For‘séveral days his temperature remained‘
elevated and he remained in a similar eonditidn,
drowsiness altermting with the bouts of delirium,
On rousing him, he was extremely irritable and mentally
confused, kis eyelids were drooping and suggested a

double ptosis, He occasionally had sighing

respirations,

_When the temperature fell he quickly improved and he‘was
perfectly bright and normal in a week,

During his.illness the urine gave a strongly

positive Rothera reattion. (Gerhardt's reaction was

also positive.,) The ketone bodies did not disep pear
from his urine t1ll his 15th day in hospital,

Lumbar puncture was done on his 3rd day of illness
after taking a series of specimeﬁs for blood sugar

estimation (See Chart No,1$). The spinal fluid gave

a/
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a faintly positive Rothera reaction, otherwise it
showed nothing abnormal, The blood sugar'cufve ro se
" in one hour from ,11% to .258% and did not regain its
original 1eye1 after 3 hours,

On enguiry into hle previous history it was
found that he was subject to bllious attacks, Three
months after dismissal he reported himself to the

a hoépital. During the interval he had apparently

been quite well,

Case iv, (See Temperature Chart No.4,)

’W.M., a2 boy aged 6, certified encephalitis: was
admitted to hospital with a history of headache,
vomiting and drowsiness occurring the day before,

On admission he was in a drowsy condition and
on being disturbed was mentally confused, . His face
was flushed and his temperature elevated, He womited
occasionally and there was a heavy scent of acetone

round him, His stools were loose and green but
~ there was no mucus, His tongue was heavily coated,

For the next 5 days the vomiting and diarrhoea
continued and he remained drowsy and listless, At
times his respirations were prolonged and sighing, As

the temperature fell the vomiting stopped, but his

gtool/
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stools remained green for nearly & weeks, All
this time he was mentally clear but he showedllittle
interest in his surroundings,
Lumbar puncture on the 4th day of illness géve
a fluid showing no abnormality save a faihtly positive
Rothera reaction; The blood sugar curve (see Chart 20}
was dlabetic in type rising from ,085 to reach a
.maximum of ,295 at the end of two hours, The urine
contained ketone bodies for nearly four weeks, Six
weeks after admission, the bloqd sugar curve was that
of a healthy person, -
His past history showed that % weeks before
admission he had a similar but less severe attack of
vomiting associated with lethargy, Three months after
dismissal from hospital he had another attack of vomiting
lasting several days and assocliated with delirium,
Commept:- - The diagnosis made in such cases was Intestinal
Toxaenia and ketonuria, When recounted on paper the
fact that the trouble was ngt enoephalitis seems obvious,
But in practice the matter was not so simple, The
association of deliriuﬁ, sighing resplrations, drowsiness
and temperature is common to both conditions, The
drooping eyelids suggested a true ptosis, During the
epidemie, encephalitis in children frequently began with
vomiting and diarrhoea,
On clinical grounds the diagnosis was made on the
prominence of the gastroelntestinal symptoms and the
obtrusive odour of acetone in the breath, It wasg

-confirmed by the very positive Rothera reaction given

by/
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by the urine and by the definitely abnormal‘sugar~
eurves shovwing marked disturbance of metabollsm,
Cammidge(é) repvorts a similar disturbance in a

- case of eyclical vomiting- in a boy aged 11, in
which the blood sugar curve showed a sudden rise to an
abnormal level (,14% rise in half an hour) folléwed

by an equally rapid fall,

- — 0 . A - .




The Physiologiecal Interpretation of the Results.

Two points of physiological interest arise:
first, that the spinal fluld sugar at fasting level
is lower than that of the blood; second, that the.

spinal fluild sugar curve is a delayed curve,

‘ A right interpretation of these facts is as

‘ ‘difficu1t to-day as it was in 1914 when Cushing
wrote: "As regardé the cerebro=-spinal fluid we

+ stand in much the Pame pbsition ag did the pre-
rHarveian_ éhlebotomist in regard to the circulation
of the blood." The orthodox view of the circulation,
formation, and absorption of the cerebro-spinal fauid
may thus be stated, The fluid originates from the
choroid plexuses in the ventricles by & process of
secretion, Passing out of the ventricles by the
foramina of Magendie and Lusekka, it circulates in
the subarachnoid space about the brain and cord and

(3)

escapes by the arachnoid vilii into the great sinuses,

Tle subarachnoid space communicates with the perivascular
spaces and the fluid is thus brought into contact with
the actual nerve cells, The fluid probably brings
them(ggurishment and removes waste products.(zl) As
Weed )points out, "the fluid obtained by lumbar
puncture represents not only the secretion of the choroid
-plexus, but also the fluld waste products of;nervs

cell activity poured into the subarachnoid'spaoe by

way of the perivascular channels,"

The foregoing figures show that the sugar content

of/
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The Physiological Interpretation of the Results,

of the spinal fluild is lower than that of the blood,
Although we do not know the sugar content of the

, (21)
fluld as secreted into the ventricles - and, as Mott

says "This is a vital point" - it 1s éonceivable that
the fluid during 1its circulation loses some of its

sugar to the nerve elemsnts, This hypothesls 1s
sﬁrengthened by the fact that the carbon dioxide content
of the fluid is high, The loss of sugaf resulting may

partly explain the discrepancy in the sugar levels of
(10)
the spinal fluid and the blood, Haan and Crefeld

- suggest as an additional reason that some of the blood

‘sugar is in a non—dialysable form,

The delay in the fluid sugar curve may be accounted
for.by the time taken in the circulation and diffusion of
the fluld of increased sugar content from the ventricles
to the sub arachnoid space of the lumbar region,

The above interpretatiqn depends entirely on the
truth of the choroid plexus theory of formation. This

theor¥ Sas been challenged by verious observers,
“Hasgsin 1) brought forward evidence suggesting that the
- fluid originates in the tissue of the brain and spinal
cord and that its function was to carry awvay waste
products, He thought that it circulatéd upwards and
was absorbed not only by the arachno id viili but by the
choroid plexus itself,

Agaih there appéars to be no proof that the foramina
‘between the ventricles and %ne)sub-arachnoid space aétually
exist in the living person, o4 If they are merely post
mortem artefacts, the intraventricular fluid would be shut

off from the subsrachnoid fluid and might be expected to

differ/
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differ in its properties, There 1s considerable
S chmovt

evidence of ?g?h a difference, Seokwefll (quoted by
Cruickshank) observed that in icterus, the sub=-
arachnoid fluid, but not that of the ventricles, was
‘discoloured, The latter contained bile pigment,
only whem there was an extedsive necrosis of the *
epithelium‘coveringg the choroid plexus, élso in a

case of diabetus mellitus, he found sugar in the‘
subsrachnoid fluid but not in the intra-ventricular
fluid, . Of seven cases of general paralysls each of
which had given positive Wassermann results in both
blood and fluid during 1life, he found that the spinal
fluid was positive in all; but the Intra-ventricular
fluid was negativé in six, In the seventh case vwhere
a positive Wasmermann was given by the intra-veantricular
fluid, the choroid plexus showed extensive degeneration,

Changes in the fluld after death may account for
certain of these results,  In four cases personally
‘examined,spina; fluid and intra=-ventricular fluid were
withdrawn 24 hours after death, but in none Was‘there
a trace of reducing substance,

If the two fluids are not identical, the subarachnoid
fluid may originate in the substance of the brain and cord,
being ultimately derived from the blood; the meninges(z
may also play & sm;11 part . Bungart (quoted by Rost) “
'résected and ligated the sub=arachnoid space in animals in
two places and allowed the isolated fluid to empty itself,
After twelve hours, it was again filled with fluid,
Perhaps this was merely an irwitative reaction,

As to the exit of the fluid it is possible that its

main/
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main way of escape 1s by diffusion into the velns of
the cerebro=-spinal axis'and meninges, In the Yumbar
régioh the circulation of the fluld may be in the main
a local.one. The rarity of accidents following spinal
anaesthesiat (Jonnesco's series of 2436 showed no
fatalities) 1o) does not favour a rapid or considerable
upward circulation,

In the light of this second and somewhat heteredox
theory, the two facts under coansideration might be
explained on the ground of a slow filtration or dialysation
of the sugar from the blood into the fluid aﬁd a slow absorp=
tion from it, The last factor would permit the |
céncentration to remain high in the spinal canal after
the excess of fluid in the blood had been more rapidly

removed by storage in the liver,

To sum up, until more is known of the circulation
of the spinal fluid, speeulation is futile, and we
remain in the position of Cushing's pre=Harveian
phlebotemist,

That the sugar content of the spinal fluid is
diminished in meningitis is in some respeofs contrary
to expectation. It might be imagined that the inflamed
meninges and choroid plexus would be more permeable to
the passage of substanc%§7§nto the fluid from the blood,
Thalhimer and Updegraff. suggested that the choroid
plexus in tubercular meningitis holds back the sugar
from the spinal fluid just as nephritic kidneys hold back
sugar from the urine, Achard(l) ascribed the small

amounts of sugar to the presence of "microbes en grand

nombre /
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nombre %%%)16 consortient " but Worster Drought and
Kennedy showed that in cerebro-spinal fever, the
présence or absence of sugar were not influenced by the
number of organisms present, . Neither of these
explanations is altogether satisfactory and a further
one may be a&vanced. V

| In meningitis, there is an increase in the amount
of fluid in the sub=arachnoid space; it contains
increased protein and it co-agulates on standing,
In mahy other of its physical and chemical characteristics
it differs from kealthy spinal f£luid, It is a fluid
altered and added to by the inflammation of its
enclosing membranes, The dilution resulting may be
an additional factor accounting for the low sugar-
content, Though not strictly comparable, a specimen
of pleural fluid erowded with tuberele bacilli was
examined for sugar after precipitation of its proteins,

and was found to contain none,
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VI, A Summary of the Main Conclusions.
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1, In epidemic encephalitis the fasting level of the
sugar of the blood and the spinal f£luid is within
normal limits, v

2, The blood sugar curves are in some cases normal; in
others they indicate a delay in liver storage,

These curves aré in no way diagnostic as similar
curves are found in other condit%pns‘

3, The fasting level of the spinal fluid sugar is lower
than the fasting level of the blood sugar, In this
series the average raéio was 59, with a minimum of
49 and a maximum of 70,

4, Associated with the blood-sﬁgar ourve'is a spinal
fluid sugar curve, This is a delayed curve, The
non-recognition off this curve has been responsible
for the high sugar content of the spinal fluid found
by many workers in encephalitis and other conditions.

5; A specimen of spinal fluid to be estimaﬁed‘for its
sugar’content should be taken after 12 hours fasting
along with a sample of blood for similar estimation.
If the sugar content of the fluid is normal, its
ratio to the blood sugar should 1ie between 50 uund 70,

6. Specimens of fluid taken at varying intervals éfter a

. meal give sugar readings which are valigd only when
these reaaings are correlated with the compleste sugar
curves both of the blood and the spinal fluid,

7. The determination of the sugar content of the spinal
fluid is of value only in the diagnosis of an 1nfect1;e
meningitls, and its value in this connection 1is

'ehiefly confirmatory of other findings,

8/



39,

8, of the Ma Conclus )

8, In the differential diagnosis of encephalitls
in children, intestinal toxaemia is one of the
conditions to be eliminated, Its recognition
is ass¢gted by the finding of a marked ketonuria

and by a considerably disturbed blood sugar curve,

0 0o
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TPABLE NO,V, 4. (Patients of ages 0=16 jfears,)

Name, Age.\ Day of illness Following Day, Woek later,
a adwitted, | Pebrile,|Rothera, | Febrile/Rothera,
8.4, 31 3 | » * + +
wr, |11 85 1 = » - -
8. | 3 1 - - Died -
MK, ‘, 7“ 3 o+ +* - -
M.H, 7 10 - & - -
SH., | 3 20 - + - -
ANoOC| B - . - -
A.Maé. 15 8 * + - -
M MoL, 8 9 - - 4 -
..A@MaQ. 8 8 - - - -
3.8, | 13 1 - * - -
W, | 4 7 - - - +
) dJW, 4 R9 , - - - -
W, 18] 14 - - - -
CMJF, |12 o8 . > - -
9.MGA. 8 18 - - - e
gy, |10 O P R - -
. X 12| 14 - - - -
B8R 9 15 - * - -
BH, | 5 3 - N - -
J;N. 4 . | 5 - - 'Y -
3.8, | 4 11 - - - -
J.A, | 36| 11 - - = -
MDD, |14 20 - - - -
DX, |18 - a - | - .
R.}Aﬁet,' 21 | 5 .- & '. * *
p, |38 10 e - - -
.| @ 20 B - | - -
mP, |22 16 - - | - -
BV, 9 28 - + | - -
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