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PREFACE

In 1840 the fiest ph on poliomyelitis appeared, from
the pen of Jacob Heine of Constatt. ‘The disease had by then
acquired enough importance to justify the integration of the
custing knowledge 1n a book. In the course of the last hundred
yeats ot so, tepeated efforts have been made to synthesize 1 book
form accumulated expertence; particularly since the time poliomy-
elitss ceased to be a children’s disease and became the worst of the

porary crippling d. bounded by race, 2ge
or socual status.

The present book tepresents one more attempt to take stock
of the relevant views now held on most of the main problems
related to poliomyehtss, In planning a book of this type it §s not
infrequent to follow onc of two alternative methods FEither
a single 2uthor attempts to cover the whol¢ ficld of experience (an

and frequently task, for 1t 15 difficult for
a single person to wnte with equal authority on subjects extending
from wirology to the recovery of muscle power) or else the book
15 formed by 2 collection of personal contributions Despite many
brilhiant chapters such books may lack the umty and logical
sequence which scem required in attempting to describe n a
Limuted number of pages the present views of expests 1n each of the
man fields of enquiry

Poliomyelitss as a whole may be somewhat athitrandy studied
in three man sections: namely, the virus — 1in the laboratory
and the human body — and 1ts spread through the communaty; the
respiratory disorders responsible for the lethality of the disease;
and the paralysts of the locomotor muscles with tts consequences

It seemed reasonable that, provided each of the contnbutors
was well acquainted with the work and 1deas of the others, 2 bookler
of this nature could be written by three authors each one mainly,
but not exclusively, responsible for each of the three sections of
the work.

We hope that despite the diversity of the ground covered we
have been able to preserve the necessary sequence of thought
which will allow the teader to follow through the pages of the
book as if reading the hustory of an event which occurred in days
gone by. Perhaps the happy time 1s not far distant when such a
contributton will have, if anything, only lustonical mtesest.
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It is my pleasant duty before ending this introduction to thank
my two collaborators for their interest in keeping their chapters
25 up to date as possible, I also thank Dr. M. Agerholm for the
way in which she has cartied out the task of editing the pages of
this monograph.

J. TRUETA.
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CHAPTER 1

INTRODUCTION

Acute poliomyelitis is an mfectious disease caused by any one
of the thee viruses of the same name. It is charactensed by an
aeute inflammation of the central nervous system and 1ts meninges.
One type of nerve cell, the cell of the lower motot neuron, situated
in the anterior homs of the spinal cord and brain stem, 15 partic-
ularly affected It 1s the selective damage to these cells which causes
the charactensuc feature of the disease. a lower motor neuron
paralysss, which, if the damage is irreversible, 15 associated with
changes 1n the denervated muscles,

Infection with 2 pohomyelitis virus appears to be self-limited; 1t
leaves behund 2 useful immunsty against strains of the same type.
*“‘Chromc”™ poliomyelitis 1s a misnomer; 1t refers not to chronic
infection or mfammation but to the lasting sequelac of the ininal
attack,

The term *“pohiomyelitss™ is taken from the Greek (nokids =
grey; nvelde = martow) and means inflammation of the grey
ATTOW,

HISTORICAL REVIEW

Acute pobiomyelius 15 not a new disease, It 1s believed to have
existed 1n ancient times, Descriptions of the disease — a flacaad
paralysts of one or more imbs, occurting in children, without
sensory impatrment, often preceded by a short febrile attack, and
followed by increasing defarmity, — appear first 1n the medical

Yl of the late exgh h and early h centunes,
referning to cases developing in places as far apart as England,
Italy and Indu (*2*). The pathology was descnbed 1n 1856 by
Duchenne, who correctly related the paralysts and wasting of the
limbs to the “acute inflammatory atrophy of the ganglion cells 1n
the anterior hotns of the spinal cotd,” and observed that the inttial
attack could occut 111 adults as well as 1 children (*). Jacob voa
Hetne wrote 2 monograph on the disease 1 1860 (%).

What does appear to be new about the disease 13 its eprdemic
character  Severe epidemucs, such as were expersenced first in
Scandinavia and the United States of Amenca and have occursed
more recently 1n populations all over the world, are so stukingly
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characteristic and arouse so much fear that it is unlikely that they
could have occurred in the past without being recorded,

The first report of an epidemic of poliomyelitts appears to be
that by Bell, who wrote in 1831 — at second hand — of an epidemic
which occurred in St. Helena: “2n epidemic fever spread among all
the children in the Island about three or five years of age... 1t
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Fig 1 (a) Canada and US.A
(notified deaths from poliomyelius also shown)
Anaual rates per 100,000 population of notfied cases of pohiomyelinis,
(Iocsdence ofp Poliomyelitis since 1920 M ] Freyche and J. Niclsen,
“Poliomyelits” W H O, Geneva 1955) Note the differcat scales on which these
rates have to be presented

1921.1953
from

was afterwards discovered that all the children who had the fevet
were. .. afiected with 2 want of growth in some part of ¥helr
body or limbs"(%). In 1843 an epidemic of paralysis 1n Lomf‘r.\m,
U.S.A., was reported — also at secondhand — by Coloer* 'I"}:c
parents, (who were people of g a.nd' q1 ¢ :
vetacity) told me that eight or ten other cases of either henup!fegx

or paraplegta (sic) had occurred during the preceding three or four
tmonths wathin a few mules of their sesidence, all of which had either

p d, or were deaidedly improving. The little
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sufferers were invarably under two yeats of age, and the cause
seemed to be the same in all — namely, feetbing” (). In 1876
C. F. Taylor, in the United States of Ametica, in a monograph on
“Infanttle Paralysis and its Attendant Deformities” reported that
“thete seems to be no doubt that this disease ts much more frequent
now, and 1n thus country, than formesly and is raptdly increasing”().

Casss por 10,000

England and Wakes
pR——— ”

Fig 1 (b) Briush Isles

Bist thers conpme 1 fom

hpne | st

< . . .
beginning of the twentieth centuries began to attack adults as

well as culdren 1n places as far apart as Northern Europe, North
America, and Australa, Such epidemics have spread steadily to

voae
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developed ateas of Aftica poliomyelitis is now “one of the mos
scrious disease hazards faced by Europeans” (4).

" Theee striking features have emerged from the epidemiclogy of
the disease in the twentieth century:

(1) the presence of endemic poliomyelitis in a population docs
not necessarily protect it against epidmic poliomyelitis,

(2) once the epidemic form of the disease appears in 2 com-
munity it must be regarded as forewarning of futther (and often
worse) epidemics to come,

(3) however theendimic fotm of the disease may be transmutted,
the pattern of spread of the discase in epidemics resembles that of
other nfectious diseases transmitted by personal contact
(fig. 2) (35 1027 18.13),

Most of the eprdemics which have been reported can be explained
on one or both of two assumptions:
(a) the introduction into 2 population of strains of an un-
familiar type of the virus.
(b) an_1ncreased virulence of certain strains causing an
1ncreased incidence of frank disease per immunising nfection.

When tncreased virulence occuts in strans of a type of poliomye-
litis virus familiar to the population — in other words, endemic m
it — the frank cases are confined to the younger age groups; their
elders will have already ired a pred, ly symptomless
immaunity. When, however, the type is unfamuliar, all age groups
are affected (if equally exposed) (). Both these patterns were
il d by an epid flecting two d popul: in
Malta in the winter of 1941—42. Of the 425 Maltese cases 98 %
were aged 10 years and under (the majority under four yeass) and
the Maltese adults, though equally exposed with their children,

ppeared to be The of the Maltese adults,
however, contrasted strikingly with the susceptibility of the
Servicemen from Britain — where the disease was also supposed to
be endemic — of whom 55 developed poliomyelitts (*). Such 2
distributton of frank disease would be explained by an cnh;mcgd
virulence of the local virus which imcreased the hitherto l?w ratio
of frank disease to symptoml ising infe in those
exposed for the first time to that type of virus ——.nzmely the new
entrants to the population by birth and immugration, the Maltese
chuldsen and the British adults (British children were not exposed)
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SPREAD OF POLIOMYELITIS

PP - PARALYTIC POLIOMYILITES
NP = NN MRALYTIE ROLIOMYLLITIS
3 = SKONT IWPLCTION WITH ¥IRvS
PouoMYELTIS
2P AGED 18 MontHs Vp = vIRys MTEETED N FCES

= = KO YINYS DETECTEO
%
I AT CHILBAINS PAXTY 12 BAYS LATER
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SPREAD OF POLIOMYELITIS FROM AN HFECTED 01X, TO

EXAMILE FROM RECENT EPIDEMIC iN TRANSVAAL
CASE OF MARALYTIC POLICMYELITIS IX JOHANNESBURG

PARALETIC JOLOWYELITLS
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Fig 2. Diagrams showing the dispersal of poliomyelitis virus among contacts when
(3} the sister of a ease attended a cluldren's party  Seven of the ten contacts studied
were found to be carrying virus, three of them were symptomless it would be
wierestng to know whether the three contacts who did not yield virus were
fesistant to imfection beetuse of previously acquired tmmunity.
{5} the brothet of a case travelled to a new fanuly group which 1n 1ts tumn becarne a
potential source of virus to the neighbonrhood The importanc of controlling
the movements of contaets 13 obvious.

Q H'S Gear and V Measroch "Polmmy:hm 1n Southern Africa”. In Papers md
Discussions of Second 1
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study of the viruses and their antibodies was greatly
One of the first results of growth of the virus in tissue culture wi
the demonstration that the virus could multiply in and was patho
gepic for cells other than netve cells. Vatious tissues have bee
successfully used as culture media: human and monkey kidney an
testis are particularly suitable. More tecently “Hela™ cells fror
cultures of an epithelial carcinoma have been introduced for use i
countries where monkey tissue is scarce (*%).

Three types of poliomyelitis virus have been distinguished
Type I (Brunhilde), Type Il (Lansing), and Type I (Lcon)
All three can produce the same pathological disease, but cacl
is distinguished by its distinct immunogenic character: infectior
with a strain of any one type stimulates in its host an immunit
which protects against infection with further strains of the same
type, but not against strains of either of the other two types. The
demonstration of these three types in 1951 (3¢) provided an essenta
piece of information for the usd ding of the epidemiology of
the disease since it showed that, immunologically, poliomyelitis is
not one, but three, diseases, and that to be immune to poliomyelitts
an individual or a population must acquite not one but three
separate immunities. A number of second, but not of third, an?cks
have been reported m the literature. Epidemiologiml}y it 1s
obviously profitless to discass mmmunity or susceptibility to
“poliomyelitis” without specifying the type or types under dis-
cussion.  As 2 reminder of this important fact we have, where
relevant, used the plural “poliomyeliss viruses” in place of the
more usual singular.

Within each immunologseal type, as has already been suggested,
individual strains appear to vazy in their virulence, more virulent
strains giving 2 higher incidence of frank disease per immunisiog
infection, and the less virulent a vety much lower mcidence.
Presumably the less vzruleat strains are responsible for the wide-
spread subclinical immunisation to one or more types knowa to

< e e mmm desimime £31 32\ nnd the mare vigulent strains for
PR . . . h the
' . ‘rank

disease.  The present world-wide mcrease i the maachiee of
1 linss (the direare as opposed to the sirus) would scem to be
£ an increased proportion of strains

& .
an expression, at least in pat, of

of high vimlence.



*
- °

POLIOMYELXTIS VIRUSEG AND THEIR ANTXBDDEES 1
THE VIRUs IN THE Bopy

The Poliomyelyys Viruses gre found i ¢, Pharyny ang Pharyn.
geal Sectetions, phe blood, and the 8ut and faces Of caseg and
of therr Contaces; they are 250 foung I the conppyy nervous
System apg Iymphztic Ussues of fata] Cases, (38 a1 g5 .

¢ period of pharyngeal Cartiage appears to cover 54 days
up to 12 dags after the onset of Symptoms, and
COmparahle Petiod 10 g SYmptomless case (%),

y a te;
Virus g found 1 the bloog of cases 1 the Preparalyyie Stage of
the diseage 2nd 1n the blood of SYmptomlass COntacts a¢ 5 Stmular
Hme tnreryy after ®Xposure, p, the time Datalysys pag devclopcd
the Vitaemg cqq 20 longer po demonstrzt:d and the antbody yire
of the blood b6 Usually ajre,q, y begun Tse, Vipys can, howcvet,
sl bclsolzr:d from the centra] fiervons System whep, deary Occurs
after the devclopment of Panalygs 1y e acute Stage
Outside ¢he body the Viruses zre found, 55 mught be CXpected,
0 sewage though they haye dxsappcared by the final Stages of
Sewage Putification —2and Polluteq Tivers They haye 2lso been
foung 1, A Vartety of flies ) Inay these the VIS, unlike many
10~

myelitrs vy o been 1solated g omesty anumals,
© Cttboder vyyepy W] Y againge each Ppears to

Ocia Present 1 the p] dand 1y th Tyngea] secre.

tions of 10d1vidya} ave been Bowing, owingly
Z] tha ype (), 10 the blogg f the pe. born

Wfanes of MUNe 4] (n 2 e Which gy 0 2¢10 oyep the
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o .
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attacked. They have also been detected in the cerebro-spinal fluid
of animals in whom 2 high titrc of blood antibody has been devel-
oped by active immunisation (%9).

In experimental animals there appears to be 2 quantitative
telation between the level of antibody in the blood and immunity,
At low levels the animal is immune to oral or eves intravenons
challenge of vitus but not to i bral challenge. I i
toi bral chall is obtained only with considerably higher
blood levels; it is interesting that at these high levels the aatibody
spills over the blood-c.s.f. barsier and can be found in the cere-
brospinal fluid. Animals with low levels of antibody in the blood
sufficient to reader them immune to oral challenge — in the sensc
of being protected against the disease — can become reinfected
with the virus and temporarily excrete virus in their facces without
other evidence of infection (3%)

Studtes of the geographical distribution of antibody are still all
too few, but enough have been done to show considerable vati-
ations in different population groups (%140 41:43), In the United
States of America antibody to Lansing virus appears to be the most
widespread while the distribution of antibody of the other two
types appears to be more limited and at present associztc'd with
more frank disease. This may well be true of Great Britain ?Iso.
since hete, although sporadic cases have yielded Lansing virus,
only strains of Brunhilde and Leon types have been reported
as causing local epidemucs. Until further studies are available the

slh - rELaDs L mmmnlasinn vasaning 2 matter of

- o Lo o
susceptible to one or mote of the poliomyelitis virases.

TRANSMISSION

Since virus 15 present 1n both the nasopharyngeal sccretions and
the faeces of cases and thetr contacts it can theoretically. be sprgad
through the population by oral or bowel {rxn{nﬂsﬂon, le = ll:kt
cither dipthena or typhoid fever, In practice, in countries sucl as
Great Britain where water supplies ate usually protected from sew-
age contammnation, the pattern of spread rc.semblcs more the
spread of diphthera or measles than of typhoid fever, ie. it ap-
pears to be by “personal contact” rather than by food and vm;;
contammnation. In outbreaks whese the source of mfcction
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subjected to courses of routine injections of irritating
have on at least two occasions been shown to be strikingly sus-
ceptible to the disease (see p. 17). Stmilarly particularly susceptible
sub-groups of a population are found in maternity homes (pregnant
and lactating women and newborn infants), and in hospitals {the
tonstllectomised and those receiving irritating injections).
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access to the central nervous system, and the demonstration
of virus in the blood in the pre-paralytic stage in humans and
experimental monkeys, and in symptomless human contacts, (%)
and the widespread disttibution of the virus in the c.n.s. in frank
cases suggests that the infection of the central nervous system s in
many cases “blood-borne”.

To reach the cells of the central nervous system from the blood
the virus must cross the “blood-brain™ barrter. ‘This is a physico-
chemical barrier which protects the nervous system from noxious
substances curculating in the blood; its presence explains why the

F - NI .

some factors in precipitating frank discase appears to depend on this
lowering of the blood-brain barrier; simulatly the “virulence” of
certamn strains may be due to some property which enables them
to cross the barrier.

Once 1n the central nervous system the virus enters the nerve
cells and muluplies inside them, causing damage which is reflected
clintcally as oss of function, The virs does not appear to hive
1n the cells for 2 long tume before giving nise to symptoms and
probably not more than 12—48 hours intervenes between the
penetration of the cell and the appearance of pathology and paraly-
sis(¥7). The lazge motor neuron cell appears to be the most suscept-
1ble to the virus, since 1t alone may die, whereas virtually all the
other affected cells appear o recover. Were it not for the unex-
planed susceptibility of this one type of cell the poliomyelitis
viruses would have little more than muld nuisance value to theit
human hosts.

The tncubation pettod of the frank disease vagics from 4 few
days to up to 3 weeks after exposure. In a study of contacts of
cases 11 New York 96 % of secondary cases occurred within two
weeks of ¢he first case. In children the petiod was on the whole
shorter than 1 adults, and the onset was practically confined to the
first week following diagnosts of the primary case ().

As the patient develop: body the virus disappears from the
tissues; 1t cannot usuzlly be isolated from the central nervous
system after the 12th day, but 1t 15, of course, possible thztblt
remains for a longer pertod nside infected cells where it cannot hc
reached by antibody. As already d 1t can persist 1 the
gut for anything up to 3 months from onset.
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FACTORS PRECIFITATING FRANK DISEASE

There ate at least four factors which have been found to increase
the indtvidual’s chances of developing frank disease during his
pesiod of immunising infections

§) Trauma to an atca precipitates paralysis in the parts sharing
the same segmental innetvation as the traumatised asea, The
traums tmay be any incident which causes a fanly prolonged
i{nflammatory response, but particularly guilty have been 1ntra-
muscular mjections of imtaung substanccs. An assocmion

between 2cute pe and diphth has
been reported from Austraba, the US. A, and Botain, and between
acute pot: and lat arsenseal § ions oft two

oceassons from populanons being treated for ',ws [CREON

“Double event” cases, viz , an intating injection or other tsauma
followed betweea one and five weeks by an attack of acute poltio-
myelitis (from which poliomyelitis virus can be 1solated) differ from
stmple cases 1n that the paralysts begins, and ts maximnal, in the
muscle group shannp the same segmental mnervation a5 the
traumatsed area, someumes the entite motor wanervauon of the
inpected limb appears to have been destroyed  The paralysss is,
however, not necessarily confined to thes group and severe genet-
abised paralysts and death may follow,

The mechanism of this ph 15 not yet fully und d.
The petipheral mflammatton may cause a reflex vascular response
1n the relevant segments of the cord (%), so that there is a Jocal in-
creased pcrmeszhry to 2 comudcnzal viaema, or 1t may cause a

allam hamn T vman

duncc ot cotncrding with whzt rught otherwise h.wc been a
P infection with p litss virus, and the reason why
diphth has been T latly gudty in ths
counuy 1s presumably contained in the fact that &t ts performed at
an age when many chuldren pass through thew first — usually
symptomiess ~— wafections with stramns of one ot more of the three
types of virus
The inctdence of “double cvent™ cases 11 any one community
at any on¢ time depends presumably on three mam factors:
prevalence of the vies, the madence of the preapitaung factor,
and the immunological state of those exposed to both the fisst two

o
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factors. Thus, the problem did not manifest itself clearly in Britzin
until 1947, 2 year when an effective diphthetia rmmunisation
campaign coinaided for the first time with a navtonal epidemc of
poliomyelitis and the London botoughs reported as many as
25 characteristic “double event” cases durng the fire# six months
nf that wase Tha Jascneend oo 1o PR A -
quota of these characteristically severely paralysed childrea, The
solution to the problem presumably lies 1n the cosrect sequence of
routine i ion, e.g. poliomyelitis i isation befose
diphtheria immunisation, for it is to be hoped that the eardy
development of poliomyelitis antibody following poltomyelitss
vaccnation will cancel out the precipitating effect of its local
mflammatory reaction,

(6) Tonsillectomy precipitates particularly the bulbar type of the
disease which may develop as early as the second day following
operation (%), This may have the same explanation as (1) or be
due to the direct dramage of infected blood and lyraph from the
nasopharynx into the brain stem and upper spinal cord, or to 4

Ll A PR A ™o -

rreabinasinn ~

recently (%),
(w)) Excessive exercise and chilling duting the immediate “pre:
paralytic”, or viraemic, period appears to increase the chances of
developing frank drsease, and  relation has sometimes been found
between the most exctcised and the most paralysed Jimb. (% %)
M mam e e = VA T imming js probably
. ' ¢h swimsming baths
‘These factors may
have the same physiological basis as ())-
tv) Preguancy and the period of lactation appear also to be pre-
digycBSingggxthrs. In Dfnmzrk, in 1936, 20 of the 62 cases aged
between 20 and 34 years were pregnant — a figuze three tmes the
pected incids of p 11 that age group (*7). Amung
22 cases occurning ta telation to a small school in southern Englan
in 1952 the only fata] adult cases were 2 pregnant and 4 lactmng
woman respectively; (it 15 also interesting that the only faal chik
case was a “post-injection” child) (*).
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ndmduals falling i into 5 f the above £, groups must pe
Tegarded o4 g nt mndxd for pzsnvc i Unisatynn, with
gamma globulyy, when 0 they :rcdx Of indirece
tases

Pxegnanr Wwo;
i i 2t
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CHAPTER 4

THE PATHOLOGY OF POLIOMYELITIS
PRIMARY PATHOLOGY OF POLIOMYELITIS

The primary pathology consists in:

(1) A generalised disorder of the central nervous systers and meningss,
consisting of changes in a wide variety of nerve cells, and an asso-
ciated inflammatory reactton (vaso-dilatation, haemorrhages and
white cell infiltration), These changes are usually maximal 1 the
spnal cord and brain-stem and occur mainly in relation to the
distt:blltion of the damage to the cells of the lower motot neurones
S Y A i T e it e em b

be predominantly seversible, (except m very young infants, tn
whom permanent cortical damage has been reported (59).
Some, but not all, of the more general inflammatory changes
seen at post-mortem 1n fatal cases are explaned by the anoxemia in
which the majority of these cases dre, but anjmal studies have
confirmed that the general changes throughout the central nervous
system 1n non-fatal and even m non-paralytic cases are usually
mote severe and more widespread than clinical evidence would

suggest.
ch
ot

horns of the grey matter where they may be concentrated at one
level or on one side of the spmal cord, o be patchily distributed.

(1) Damage to the cells of the lower motor newrons, and dioruption o
the motor wmt.

The large motor cells of the lower motor neurons show cvcx;y
grade of change from muld ble ch lysis to it
degeneration and death, after which they either disappear of
semain as shadow cells embedded 1n gleal tissue (fig. 3). Destruction
of large numbers of motor cells causes 2 microscopic shrnkage of
the cord at the levels afected.

When the motor cell dics the changes are niot confined to the
spinal cord, but involve the whole motor it of which the cell
body is the central part. It1s the pathology of the dencrvated muscle

120}
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fibres of the affected motor uaits which is responsible for much of
the deformity occurring as a s:quel to panlync pohomyclms

pamcularly in chuldren, This peript
of p yelitis 15 s0 often £ dut a Imcf account of the
motor umt and the changes occurring ia it following death of the
cell may not be out of place here. Understanding of the anatomy
and function of the motor unit 15 essentral to the management of
poliomyelitis 1n all 1ts stages.

S 7
¥
]
4
AN -3 IRREVERSIBLE
xR e DEGENERATION.
o f’-) -
REVERSIBLE

DEGENERATION.

ormal el eental oy, strongly sming Nisl bodes
Nl bodies pales than nomm
Ve e N

A m N

6 Nucleus pnybotic cytophsm granulae with vacuoles,
7 Begumning neuronop
Fig 3 Duagrammatic presentation ot the changes @ hich may take plice 1 3 motor
werve cell infected with poliomyebitis virus

THE MOTOR UNIT (fig. 4) A motor unmit consists of

{a) a motor sell situated either 1 the antetior horn of the grey
matter of the spinal cord of 1n one of the motor nuclet 1n the
brain stem;

(b) a myehnated axon which runs out from the cell body via an
antertor root, peripheral nerves and intervenng plexuses,
without any synaptic p to enter the sul of 2
muscle, where 1t breaks up into the aumber of end branches,
each of which ends on one muscle fibre;

() the muscle fibres telated to these end fibres of the axon.
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MOTOR CELL

<—— AXON

AXON DIVIDING

MUSCLE FIBRES

Fig 4. Dagram of 2 motor uait.

The muscle fibres of a single motor unit ke in close :mztormmd
relation to one another. Each appears to receive only one e
branch, and to belong therefore to only one motor unit. 'I'h;
number of muscle fibres in any one motor unit appears to be r‘clatc
to the delicacy of adjustment requured of the muscle; thus in the
eye muscle the number 15 small, (the ratio of muscle fibre to aJ;ons
entering the substance of an eye muscle may be as low as 2 ¢ o:
cven 1 : 1), while 1n muscles 1n which only coarser adjustments are
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sequired, such as the glutel and the quadriceps, the ratio 1s very
much higher, and one axon may innervate as maay as 140 muscle
fibres. All the muscle fibres of one motor unit respond simul-
tancously to an impulsc transmitted by the motot cell or stimulated
artificially anywhere along the course of the axon: in other words
the motor unit shows an “all-or-none” response; if the stimulus is
sufficient to induce a contraction, zll the muscle fibres of the uait
contract stmultancously; if the stmulus 1s insufficient, none
contract. The different degrees of force obtained by voluntary or
seflex contraction of 2 whole muscle appear to be obtained by
varation of the number of such motor umts brought inte stmul-
tancous action, 1n other wotds, by variation in the number of cells
stimulated in the cord.

The muscle fibres depend intimately on thewr contact with the
motor cell, via its axon, not only for voluntary or reflex contraculity
but also for their normal anatomical and physiologteal state. The
motor unt 1s therefore a phystological unit and not simply an
anatomical relation. Distuption of the unit, either when the cell
dies and its axon degenerates (as tn poltomyehtss) or when the
axon 2lone degenerates (as in injunes of the merve roots and
petipheral nerve) 1s followed by both anatomical and phystological
changes in the muscle fibres thus “dencrvated.” They shnak,

PR .
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the elastiaty of the muscle as 2 whole. This has the effect of
“freezing” the muscle at the length at which 1t 15 held — or at the
maxtmum length to whch it 1s sepeatedly stretched — during the
development of the “denervation changes”. These changes are the
basts of the development of and hypermobility during
the period of denervation following poliomyelitis or other con-
ditions causing degeneration of the axon.

‘The durztion of the peniod over which true denervation changes
occur i not clearly defined Probably 1t 1s complete by the end of
the first four months.  After that time the tendeney to develop
exther contracture or excess length of the muscle has usually ceased
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in the adult. In the child the tendency persists throughout gtowth,
as the pathological muscle causes an imbalanced pull on the
muscles and growing bones, and it can be responsible for late
deformities of trunk and limbs developing even many years after
the initial attack. It is unfortunate that the perdod during which
denervation changes occur smost rapidly, cotresponds with the
pertiod in poliomyelitis in which it is often most difficult to ensure
optimum length of the muscle concerned, for both (i) “spasm”
(sce below) and (d) the postural demands of the respiratory 2nd
bulbar paralysis may make the task of avoiding deformity difficult,
2and while at that time one may not be able to forecast the ultimate
paralysis and so choose which “contractures” to encourage — for
not all contractures are bad.

PATHOLOGY OF *spasy”

The pathology of so-called “spasm” in poliomyelitis should be
considered here, since its correct management depends on 2
understanding of 1ts pathology.

The word “spasm™ 15 used sn poliomyelitis to describe the in-
voluntary contraction of muscle which occurs in both the acute
and the transitional (see below) stages of the disease. It may occut
even at apparent test, or be precip d by passive : t of
the part. It should not be confused with the isolated brief twitching
of muscles oceasionally seen ip the carliest days of the infection
before paralysis can be detected, nor with the “spasticity” of upper
motor neuron lestons. )

“Spasm” seen in the first few weeks of the disease is predominant-
Jy menngittc m ongmn. The mflammation of the central nervous
system and the mentages makes any movement which stretches
them acutely panful, and tn consequence there is a reflex contrac-
tion of the muscles preventing their stretch. This is seen in the

S e
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hups and knees and plantar flexton of the foot). If the muscles
d are torally paralysed the “spasm”, and that particu
part of the charactenstic posture for which it is responsible, is, of
course, absent. The movement which1t :Xlould pr]:vmt 15, hov.v_?i'lclz
sull painful to the patient and it will stull sumulate aay Survivy
motor cells to attempt to transmit impulses, although no effertive
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fesistance may be fely, The importzncc f the pajp, and the “spasm®
itproduces £ 0bvious; ,f, €Xercise 15 harmfyg 0 the Presence of Virus
Measures ¢ teduce pain and" spasm may noe only redyce the
discomfory and defonmty but als, the amount of Motor cely
damage,

As ds a Periphera] Cause of «, Super-
Yenes — the Tesult of ¢he dene, tion shoncrung 2lready described,
tretching the alreaq, shorteneq uscle py R and teges
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Lesistance of, the fully formeq fibrons Ussue 1 dcnctv:tcd OF partaally
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CtVation 3ttophy hag occurred yyypp the arm 4 the addyc.
ted Position ape tommon examples,
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with 2 fluid leve! determined by the posture of the patient at the
time, (iif) secondary infection. They are discussed more fully in
Chapter 8.

CHANGES IN THE URINARY TRACT. These can be cansed by retention
of urine resulting from the initial transient paralysis of micturition
P T R U M- A M

of temporary urinary ion or | g ¥

CHANGES IN THE SKELETON. Skeletal abnormalities occur almost
exclusively in those who develop their paralysis while still growing.
They fall into two groups: on the one hand, reduced growth
producing shortening of an affected imb sometimes with early
epiphyseal closure; on the other, distorted growth resulting from
imbalanced muscle pull on the growing bones.



CHAPTER 5

CLINICAL DESCRIPTION, DIAGNOQSIS, AND DISPOSAL

1 s fe

Acute p

is a self-limung virs & which may
ymp ot may cause syrp nanging from a mild
feeling of “being off colour” ta 2 generalised encephalomyelitis
with meningusm and lower motor neuron paralyses and theie
complications. The clinical pictuze 15 described here:

Onser

The onset of the disease may be either rapid or gradual, Cases
with rapid onset may wake with fully developed patalysis after
going to bed with only the mildest symptoms the mght before,
and 1t has been known for a child to go to bed with only mild
pyrexia and be found dead from bulbar paralysis the followng
morning. Most often, however, the onset is gradual, and, pasic-
ularly in adults, may be divtded 1nto two distunct phases, the minor
and the major ilinesses, which may merge or be divided by an
interval of anything from two to five days, during which the patient
feels almost or quite well aad may return to his normal activsnes.

The minor illness

The usual symptoms of the srnor shiness stage of the disease may
be cither influenzial of gastroantestinal. In the gafluenzal type the main
symptomns are headache, aching of the lmbs, tendemness of the
muscles, shivering 2nd fever (which may be up t0 102—3° F.). Mild
sore throat may be complawed of, but coryza and coughing are
fate. I the gastroantestival pype sudden vomiting, often unaccom-
paned by other gastro-tntestinal symptoms, 15 3 common mank-
fgsmmn. pasticularly ta young chuldren, but almost any combuna-
tion of symptams suggestive of “gastrie flu”, “summer darthoes™,
or dietary sadsscretion may ocur.

At this stage the symptoms and signs may (2) remit altogether
2 the patient recovers from the munor iliness without the involve-
ment of the central pervous system which constitutes the major
iliness; or (b) remit for only a fow days before the same symptoros
¥ecur ¢ a more severe form; or () they may pass straight on into
the major 1llness without remission.

27
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THE MAJOR ILLNESS

Headacke is usually present, is usually severe and is often described
as “the worst headache I have ever had.”, There may be romiting,
sometimes projectile and rep d, diarch or pation. There
may also be byperaesthesia ot paraestbesiae (often in the fingers), but
usually the generalised aching and malzise of the minor illness
becomes particularly concentrated in the head, neck and back, and
zesistance to passive flexion of the neck and spinc develops.

There is neatly always some degree of meningitm unless the
central nervous involvement 1s very localised. Neck stiffness can be
severe, but rarely proceeds to the head retraction seen in other
conditions. Useful tests for the relatively mild meningism of
poliomyelttis are*

(2) the “kessing the knees” test (see fig, 5). If 2 chuld does not
co-operate, passive imitation of the movement with the child lying
on his side may teveal pan on flexion of the spinc and meck.

Fig 5. “Kissing the knees® test. Bilateral failure to approxumate knee and mouth
and resentment of attempts to perform the movement passively 15 a useful early sign
of meningeal tentation

(b) the “straight kg raismg” test (see fig. 6). This is usually
posittve bilaterally except in cases 10 which only the upper part of
the cord is involved. Dorsiflexion of the ankle petformed when the
straight leg is held just below the angle producing pain, 1s used to
confirm that the patn 1s due to traction on the scratic nerve and 1ts
zoots and not to pathology outside the central nervous syst;n:l.

() the “bead-dropping™ test. When the child 15 h.ft:d off thch ed
by the armpits the normal active stmultaneous flexion of the hea
is absent and the head falls back. . -

(d) the “ripod” sign (sec fig. 7). When the pavent Is sat up ! hs
should not be done 1 cases suspected of bulbar mvolvcmcnlt) e
puts his arms behind him for support because he cannot to! erate
the flexion of his spme, which occurs in the sitting position.
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Fig 6 ()

Fig 6 Straght leg rusing test. The stcaight leg 11 fted off che bed by the bect
() with the foot m plaotar flexion
(b) 1n the ncutral position or dorsiflexson.
I the second posivon the leg cannot be Lfred ¢ fxt

At this stage, before frank paralysis occurs, careful neurological
amination may reveal evidence of encephalis and of early lower
motor neurone involvement.

The encepbolites may have mamly cortreal ot mainly cerebellar
massfestations, The tendon jerks may be increased and the plantas
<
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response extensor, but these signs are usnally transient and are
soon replaced by diminution of reflexes and absent plantar response
~- usually asymmetrical at fiest — as the lower motor neurone in-
volvement predomi A fine nystagmus is a early
finding, and there may be ataxia and tremor not explainable by the
motor weakness.

Early lower motor newrone involvement is not always easy to detect,
Obvions weakness is usually late both as a symptom and s 4 siga.
Thus a patient rarely complains of weakness as such in the cady
stage; he is more likely to say that a limb feels heavy or numb or
stiff and his first recognition of weakness is often when his legs
“give way” on getting out of bed -— a sign too often attributed by
observers to dizziness or even a fant, Similarly, actual weakness of
a muscle or group of muscles can probably not be deteered even by

ion of the
Eig. 7. Trpod situng. The stifiess of the back prevents the pormal fexion of 1
tpisc o sitang o, and the chid bat to support bumeelf wih hs bands bebiad B
(ot 10 be tested if falure of swallowiog s feared)

most careful clintcal esamination, before about 50% of the
neurons concerned are outofaction(®). The earliest sign of lowﬂf’
smotor neuron involvement in poliomyelitis is diminution ot Toss o
both superficial and tendon feflexes; it may appear many hours, of
even several dags, before actual weakness is detectable, or it mdzli
never proceed to obvious weakaess. The importance of testing

reflexes of any child with unexplamed fever who is too yoml.g;i"
perform voluntaty movements on request, should be emphasised.
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Other catly indications of paralysis are:

(i) The mtermittent or progressively nasal speech of early

palatal palsy.

@ I
R ..

@y - - .- s - -
patient who wishes to clear mucus from his throat but dare
not inspire sufficiently to give effective clearance,

(iv) Reluctance to talk or shormess of breath on talking of 2
pattent with early respitatory paralysis

{¥) Unequal expansion of dfferent pans of the chest without
undeslying physical signs of pulmonary disease.

(vi) Absence of the normal contraction of the abdomtnal muscles
as the patient tnes to Iift hus head or sit up 10 bed,

(vu) Abnormal posture of a imb due to loss of tone, ¢.g. extemal
rotatron of the whole lower Limb, or increased plantar flexion
of the relaxed foot.

(vw) Trncks to move a imb, ¢ g, helping one imb with another,
“carrying” one lower Limb on the foot of the, as yet, spared
Lmb; flexton of the hip with the hands.

Charactenistic features of the frank paralyns when it does develop
ate that 1t is at first patchy, is often asymmetrical, and tends to
affect more severely the proximal rather than the distal muscles of
the lmbs Even when paralysis 1s very extensive st is not un-
common for some power to be preserved in the fingers ot roes.
When weakness 1s present the reflexes are always more reduced thaa
the power,

At this stage of the disease, however, no good putpose 1s served
cither by scarching too munutely for weakness or by exhausuve
musele chatting. If a muscle 1s not obviously and definitely weak,
1t 13 not wise to hang too much 1n the way of diagnosis upon its
weahness, which may well be due to ihibimon by pan from
other causes. In any case considerable fluctustions in paralysis
usually occur and the muscle findings will very probably be dufferent
the next day  There 1s therefore no pomt in needlessly fangwiag a
Fatient when, 1f the condition is poliomyeliss, faugue 15 one of the
known factors 1n aggravaung paralysss.

If pohiomyelitss 15 suspected, however, there are some specific
points o which attention must be pud  These are

[0] ‘nl;ul palsy, because 1t suggests an tnapent swallowing

efect;
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(ti) the swallowing defect itself;
(iit) laryngeal stridor;
(1v) weakness of the deltoid because of its value in forecasting
pitatory plications; the ! innervation of the
deltoid (C. 5 and 6) is at 2 strategic position from which the
virus and paralysis spread either up to the phrentc outflow and
bulb, or down to the thoracic segments;
(v) dmumished o asymmetical sespiratory
of accessory muscles of respirarion.
Examination other than neurological usually reveals no signs
characteristic of poliomyelitis. A rising pulse rate and blood pres-
sure (associated with carbon dioxrde retention and hypoxis)
indicate significant impairment of respiratory function,

and the use

LABORATORY FINDINGS IN POLIOMYELSTIS.

Routine examination of bled and arine show po features typical
of poltomyelitis. ‘The blood cell count and blood sediumentation
rates are normal.

“The cerebro-spinal fluid shows only non-specific changes on lambar
puncture. ‘The pressure may be slightly, but ot greatly, raised.
The flurd appears clear and colourless; its cells and biochemustry
may be quite normal, particularly if lumbar puncture is done e.arly
in the disease, but usually they show some changes characterdstc
of a mid mengism: an inttial moderate polymorphonucleat
leucocytosss 1s soon succeeded by a lymphocytosis. The number of
cells varies from 20 to 200 cellsfcmm. The cell count retutns only
slowly to pormal over several weeks,

“The protein is usually slightly raised in the acute stage, gradually
clumbs to about 200—300 mgm/100 cc., rately mote, and then
gradually falls during the followig months. Sugat and chlondes
rematn within normal lumits, unless there has been excessive
vomiting, m which case the chlorides may be lowered. .

‘The non-specificity of the changes in the cexebru-sp'x’m} ﬂ\“"}

sptnal fluid does show a characteistic picture, and in wiuch tiete

15 a spectfic therapy which must be initrated early. Lumbar punctufe

. ST T 4 eSetera mod inrresce paralysis; udl
t be regarded a8
‘hen there is real
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Joubt that the condition may not be poliomyelitss, but some other

condition in which easly diag; is for 1ts

Isolatton of the virus from blood, msophzr) ngeal and faccal
spectmens is not yet a routine chnical procedure. Simlarly,
estimation of antibody to show a rising blood titre could be 2 useful
diagnostic aid, but would not help 1n the early stages. A comple-
ment fixation test has been inttoduced recently but is also not yet 2
routine procedure.

DIFFERENTIAL DIAGNOSIS

The chnical pncmrc of polxomychus dxﬂ'crs so matkcdly at nts

[ SOOI NI | DI OO T

from other fcbnlc condmons the ron- pdrﬂ _ym .rf.:ge of the mapor
liness must be d d from other causing menin-
gism, and the paralyic stage must be distinguished from other
conditions causing lower motor neuron paralysis,

{2) DIFFERENTIAL DIAGNOSIS OF [HE MINOR ILLNESS STAGE

From the desciption given 1t will be seen that the possibilicy
of poliomyehtss has to be considered at the onset of 2 aumber of
wldcly differing febrile d The likelihood of pol 1
is suggested 1f there has been a unusual amount *of “munor”
illaess occurning in the fanuly of institution at the tme; 2 frank
case of poliomyelitis 1n a school 15 often preceded by what the
staff will tell one 15 a quite unusual incrdence of muaor tllness, not

ch: of any p lar disease. larly, a frequent story
15 of towal illness (uncxplmncd headache, sudden vomut, bnef
fever) in the famuly or ats contacts before the actual chirucal case
finally developed pethaps 1n 2n individual who was patucularly
susceptible, e.g. a post-noculation chuld or 2 pregnant or lactatiag
woman, It must, however, be remembered that 1solated eases do
occur, parucularly i children, and that, though the disease 1s
commonest in the summer and autumn, there 1s no ume of year and
10 2ge group in which acure poliomychus does not occur.
Streptococcal and d;pblbenm threat. The local signs are more

marked thya in naliamed LR S MPUURE NSRS S
ment H .
may s e « . .
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clicit that the complaint is rather of diffeulty than of pain on swallow-
ing., Testing for swallowing defect (see p. 70) will indicate the
significance of the complaint,

Influenza. The temptation to diagnose “Au™ out of the winter
months, when the influenza virus is virtually absent from Great
Britain, should in itself suggest the possibility of poliomyeltss.
“Summer *flu’ is one of the commonest early misdiagnoses by both
patient and doctor. Coryza, tracheitis and bronchitis are ot
common in poliomyelitis.

Gastro-intenstingl disorders. A striking differentiating feature is
often the disproportion in symp in poliomyelttis e.g. vomiting
without abdominal pain or diarrhoez, too high a fever for the
relatively mild abdominal signs, etc. The classical triad of anorexiz,

bdominal pain and ipation has Jed to more than one patrent
with acute pohomyelitis having his appendix removed; carcful

ination with both conditions in mind should prevent this
error. Rectal examination will help to differentiate the tendemness
of the abdominal muscles from tenderness of visceral origin.

Typhoid feser may present with 2 picture similar to eady acute
poliomyelitis, but in typhoid the fever is usually higher, the patient
more ill, the tongue drmer than in pon-panalytic poliomyelifis.
Blood and stool ions will differentiate the cond:

{b) DIFFERENTIAL DIAGNOSIS OF THE MENINGITIC (PRE-PARALYTIC)
STAGE OF THE MAJOR ILLNESS

Here diagnosis depends on exclusion: i

Tke suppurative meningstides: The patient is usually more 111. less
alert, more confused than the patient with acute polxomyclmf wl':o,
uanless already anoxic, is chara ically bright comp with
his sigas of dlness The characteristtc petechiae will often suggest
the d of meningococcal meningitis. The cerebro-spinal
fluid, which may be cloudy, shows a greater polymorphoguclear
leucocytosts, lowered sugar and raised protein, and the organisms
will be seen on smear or culture. Blood cultuse may be positive.

Tuberculons mensngits: The textbook case of tuberenlous :gmn;
gutis has 2 hustory of several weeks’ indcfinite tliness culminating
menngeal symptoms; 2 history of contact with an open a;c z:lz'
be eliated; radiography shows involvement of the lungs; tub "Eui 4
are seen in the eye fundy; lumbar punctuse yields 2 Iymphocyucdnus
with marked reduction in both chlondes and sugar and the ba
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1s seen with Zeehl-Neilsen staining, But, although all these signs
should be looked for 1n 2 suspected case, some or all of tf:em may
co A s A
I . A - N
poliomyelitis, the clinican must use all his skill and resouree to
deade which of the two conditons is really the more Iikel
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wmnercastng facilies for 1solation of virus by tissue culture 1t has
become obvious that a number of cases of so-called “‘non-paralyuc
poliomyelitss” are 1a fact due to either 2 Cocksackie or one of the
so~called “orphan® or unnamed viruses.

The encephalstider: A history of recent vaccination or a recent

romitaml b PRSI NS S ST TSI, a

Otber canses of “neck atiffness., Local mflammation round the
neck, and carly apical pneumoma, which may preseat with a
localised steff neck, may have to be excluded. The limutauon of the
suffness to the neck, absence of assocated back stiffness, and a
negative “straight leg raising sign” suggest other causes than true
meningtsm.

(c) DIPFLRINTIAL DIAGNOSIS OF THE PARALYTIC STAGL

Psendopy caused by 1nfl of the related bony or
soft tissucs which 1nhibits movement of the kmb may well simulate
poliomyeltis  Acute osteomyelitis, septec artbritis, acute rhesrratises,
snfized glonds and seurry have all presented diagnostc problems.
Carcful local exammaton, however, will usually reveal the local
cause of the patent’s reluctance to use the Lmb or hmbs, and
Lab ¥ ination the logy. ‘The sedi rate
13 2 useful gwide; 1t 1s normal in acute poliomyelitis and raised in
the acute sepuc conditions and acute theumatism.

Hysterica paralysis 1s not icularly 1a i

P 3 ¥
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outbrezks. Routine neurological examination and the preservation
of the tendon reflexes 1n 2 so-called paralysed hmb, will usually
help to convince both the patient and his doctor of the absence of
true weakness. However, one must not forget that clinical examins-
tion in an unco-operative patient is a very poor measure of muscle
power; oceasionally the patient who fails to justify his symptoms
by gross weakness is told to “‘snap out of it” only to present &
recurrence of symptoms and undoubted paralysis after his
normal activities. It is therefore probably wiscr, particularly if the
patient is slightly “‘off colour™, has had mild fever, ot is 2 contact,
i.e. where there is reasonable doubt, to give him the benefit of it
and let him idle for a couple of weeks until he is out of the danger
pediod, making sure that he is suitably reassured in the meantime.

Upper motor nearone paralyses,  Increased reflexes, a positive
“Babinski” sign, and increased tone indicate that the weakness 1s
of upper and not of lower motor neuron osigin. The preseace of
protective “‘spasm™ in poliomyelitis (see p. 24) may occasionally
suggest the spasticity of 2n upper motor neuron lesion, but caz
analysss of the muscles involved, the demonstration that on!y
certain movements elicit spasm, the contrasting loss of tone in
neighbouning muscles, the asymmetry of the reflexes, the fbscucc
of an extensor plantar response, and the patient’s complaint that
the resisted movements cause pain along what is obvxous.IY the
courseof the nerve trunk, all help to distinguish spasm of meningitic
origin from the spasm and increased tone of an upper motor neuzon
lesion.

Paralyses in the “‘acnte polynenritis” group. This term covers a
number of quite different pathological processes, ranging from the
Guillin-Barré syndrome, (with sensory abnormalities, pa.rﬂysls
maximal distally and the charactersstic cell-dissociation in the
cerebro-spinal fluid) via the paralyses caused by rate .W“S“;

b

specific toxms (e.g. i , shellfish pois

Tooct 2l di ¢ s (eg. p i Jefici paralysis) and

pethaps ndividual allergic conditions, If the p:d?nt is first st;]ﬂ

with respiratory embar or in coma d; may bearx
bl ‘The foll g are useful distinguishing features, one or

more of which may suggest that the diagrosis is 70/ acute polio-

myelitis:

(a) the history may show 2 gradual onset,
nary sensory symptoms, e.g. glove and stocl
anaesthesia;

possibly with px.:Limi-
king paraesthesiac 0T
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(b) there may not be the chanactenstic fever; .

{c) there may be d ble sensory 1mf — again,
more commonly of glove and stocking distubution;

(d) the paralysis may be strikingly symmetrical and maximal
distally, mnstead of, as in poliomyelstis, asymmetrical and maximal
proximally;

(¢) the wasting may be less than one would expect or may not
appear cven after several months, Thus suggests that the charact-
enstic catly degencrative pathology of acute poliomyeltis is
mussing.  Tests of the electnieal reactions of the muscle, nerve

1 and el graphy can bute to both diags

and prog The particulacly of the d
paralyses of respiration and deglutition, is of course, simular.

Acute radsenlstts of the shoulder 1s occassionallyassociated with muld
fever and often a good deal of pain. It may present as a case of
poliomy but careful will show sensory loss over
the outer surface of the arm and the different course of the disease
usually soon differentiates the two conditions.

DISPOSAL

A pracucal problem for both the general practitioner and
the nfectious disease doctor 1s whether the evidence 1s sufficient
to justify or demand admission of the case to hospital (and warning
to the household contacts of their possible mfecuvaty to others)
If the case 15 one of acute poliomyelius 1t should undoubtedly be
admutted to hospital — since 1t 1s impossible 1n the early stages to
forecast which case will develop the respiratory and swallowing
complications whose prompt and effictent detection and treatment
can make the difference between bfe and death, But does this par-
ticular ease warrant the prov 1d facute poliomyel

The sign whose presence or absence 1s probably most useful
in making a deasion 15 the meningism. A muld degree of stff
neck alone, particulacly in a child, 1s not by 115elf sufficient evidence
of & disorder of the central nervous system; but a suff neck and
back, or a suff back and posiuve straght leg raising test, whether
alonc or combined with any of the other early signs of central
fervous system nvolvement quoted above and not explained by
local signs suggesung other conditions, are sound reasons for
transfernng 2 patient to & suttable fever hospital, whether the final
duagnosis be acute poliomyehus, some other conditon, ot no
pathology proved.
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In fact, approximately one-third of cases admitted to hospital
with the di is of acute poli litis are found to be suffeting
from another condition, or are discharged with no diagnosis
proven. This is, however, less of an error than mighe at first
appear. Many of the alternative diagnoses require hospitalisation
either for their tr or for isolation from the j
Further, some of the cases discharged unproven probably have
been cases of acute poliomyelitis, (particularly if they are known
contacts), and the fact that they were fortupate enough not to
develop paralysis does not detract from the wisdom of ad-
mitting them to hospital where complications could have been
dealt with had they arisen.

Finally, against the inconvenience of admitting a case to hospital

ly must be balanced the greatly i s
to 2 genuine case of delaying his admission until
begin to develop, at which time transfer itself cardes its own
hazards, and every minute’s delay in instituting correct treatment
inereases the seventy of the complications.

Admission to hospital must not, of cousse, itself casry risk either
to the patient humself or to the other patients. This is particuladly
important where a “‘polio centre” rather than a fever hospiﬂl}s
concerned. It is obvious that full fever precantions are esscn
to protect (a) the staff (b) the patient himself against exposure to 2
infection which he may, in fact, got already have acquired, and
(c) to protect the other patients against whatever undiagnosed
infection he may brng with him, Unless such precautions are
observed not only will general practitioners be reluctant to admit
cases in the early stages, (particularly reluctant if there aze knowa
10 be cases of acute poliomyelttis already admitted) for fear of

posing them to pol litts virus ly, but also cross-
infection will sooner or later occur. If a case admitted to hospm'l
with unconvinang signs of poliomyelitis does not develop patalysis
until two or three weeks later the possibility of eross-infection by
negligence of precantions should always be considered, and the
possible mode of spread carefully ivestigated.  Similatly the
development of fresh cases in the contacts of 2 hospual dealing
with the sente stage of the disease or in the contacts of its
should stimulate a careful mvestigation into the security of B
precautions obsesved there, smce spread to the populauon 18
the area found a hospital treang acute cases without strict
precautions has been known to occur.
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SPECIFIC TREATMENT AND PREVENTION

Specific treaimient

At the time of writing there 13 no drug ot known anubiotic
which will affect the poliomyelitis viruses once they have garned
access to their human host. The only agents so far knowa to be
effecuve agaast the visuses in the body are the entibodies whose
fi they th ] late. “The use of these 2ntibodies
1 confined to prevention, and, in fact, prevention of the disease by
active and passive tmmunssation and the control of spread of the
virus are the only measures avatlable for reducing the inerdence
of paralysis caused by the poliomyehus viruses,

1. THE USE OF POLIOMYELITIS ANTIEODIS IN TIfE PREVINTION
OF ACUTE POLIOMTELINIS

Lcine mmaitaiian.
T afe e

N D A TR

(non~p:uhog¢m'c) steains (W wew ss. 96,

Both methods are stsll under trisl. Both must fulfill two essenttal
ntersa~

(a) therr admustration must @rey ae ask of ether an attack
of acute pot hiis or of other undesirabl ol

{b) theut anugenicity must be suficent to stimulate antibody
producuon agaiast all theee types to 2 degree indstingrushable
fram that following useful natueal sympramiless wleauaa.

No sttempt sl be eade to choose hete between the two me-
thods, nesther of which 15 ot perfected.  Pracucal d

uill presumably finally select one or other for use in particular

An essenital prek y to large-scale pol 1
Jmmuasaton i any Communtty should be the provision of
wformation on the antbody state of different ages and groops of
43 population and also of the inadence of the most severe forma
of the disease 30 that the vacanes, whose producton 13 the product
39
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of 5o much careful work, shall not be wasted in their administration
but given to those most in need of protection, At the time of
‘writing, pregnant wornen, and individuals of all ages going abroad
from this country to arcas with high incidences of severe forms of
the disease would appear to be 2mong the most urgent canddates,
sintoe 1t is they who at present provide such a high proportton of the
most severcly paralysed — as well as of fatal — cases. In the
U.8.A. the 5-9 year age group have been selected as the sectton of
the population in greatest need of protection: in other areas where
the incidence ts highest under the age of five years active smmu-
nisation tnay be required before the end of the first year if it is to
produce a significant reduction in the incidence of the disease,

J Passivei isation, Until active ) isation is well
passive i isation by the admuni: ion of antibody can stll
play a useful part in protecting exposed individuals. It should now
be possible for preparations of known antibody potency to be
avatiable for use in protection of those known to be pagticularly
at risk. Passive immunity 15, of course, only of temporary value
(five to six weeks). .

‘Three types of preparations of antibody can give passive
immunuty:

() Individual sera from adults or known convalescents. These,
though they may contatn high concentrations of any one type of
poliomyelitis antbody, cannot be relied upon to contain use
concentrations of antibodies agatnst all three types of the virus.
Consequently thetr use involves both titration of each serum u'scd
and typing of the strain agamnst which it is to be used — an im-
practicable proposition because of the delay it causes.

() Preparations of posied sera: these ate more likely to be “poly
valent” than individual sera but have the disadvantage that the
risk of contamination of the pool with infecttve hepatitis vires
increases with the addition of each sample of serum; yet 2 large
pool is desirable in order to merease the chances of representation
of anubodies of the three types. ¢

(i) Gammas globuln made by concsutratfng thc_ poolcfi sera ;
(u) appears to remove the danget of hepatius while retaining t;
representation of the three antbodies. The mlm!:l?d}; :::f;’s" :nn :h:

mma globulin appears to be approximately the
gu:'u'al se§um pool ggm which it was prepared(*)). The lazges d’:
pool of serum from which the gamma globulinis prepared the mox
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Iikely it is to contain useful levels of antibody against 2il three fypes
of virus, provided strams of 3l three types are known to be pre-
valent in the community. It js obvious that gamma globulin
prepared even from a farge pool of serum collected from a popula-
tion whose adults are susceptible to the prevalent visus mighe well
be found ot to contain sufficient anubodies against just that type
of virus aganst which protection was most needed.  The natjonal
use of gamma globultn preparations demands their titration to
ensure that they do tn fact contan uscful amounts of anubody of 2l
theee types.  The tevels of anubody obtained in the recipient’s
serum with practicable dosage of gamma globulia, which is 2
viscous matenal, are low compared with the levels which can be
obtained by acuve immunisation, but they appear to be sufficent
to neutralise virus 1 blood on the way to the central nervous
system (though not suffictent to cross the blnod-brain batrier and
50 to poutralise the virus already in the contral nervous system ().
Tt 1s therefore reasonable 10 expect gamma globula to have 2
prophylactic effect; and this effect has been confirmed by chinteal
tralin the Unsted States of Ameriea whete in 1951 aad 1952 gamma,
globulin was given prophylactically to approxmately half of 55,000
childeen w eprdermie atcas (). The eselts suggested thae the
injecions {a) reduced the seventy of cases occurring within
the first week follow ing the snjection and (b) seduced both severity
and the numbet of cases 1n the following four to five wecks, being
the perd for shich the anubedy was expected to Temain in
the bloodstream  These findings indicate that gamma globulia has
2 usefol epplication in the protection of indtviduals partrcularly at
nsk. Tt should perhaps be emphasised that though, an paper,
“reduction of seventy of paralisis” may not appear to be a very
irihing: achievement, i peactice 1t may make 2l the difference to
at patent between 7 depend: and an ndepend
wough perhaps restoicted, bfe for the rest of bus days; and ta fact
acasures which feduce severe to moderate, of moderate to muld
aralysis, are as importaat a3 measures W hich provent muld paca-
psis
One objccton ratsed agamst the use of gamma globulin to

Ve temporary passive protection has been that aes tecipient might
108 RCQUIEE 2ettn s foremanert o safamrad DanmrsqoeT aqrmn du 1 .
. o

- o P owy e . T
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of so much careful work, shall not be wasted in their admunistzatio
but given to those most in need of protection. At the time ¢
‘writing, pregnant women, 2nd individuals of all ages going abrou
from this country to areas with high incidences of severe forms o
the disease would appear to be among the most uzgent candidates
since 1t is they who at present provide such a high proportioa of th
most severely paralysed — as well as of fatal — cases. In th
US.A. the 5-9 year age group have been selected as the section of
the population in greatest need of protection: in other areas where
the incidence is highest under the age of five years active immu
nisation may be required before the end of the first year if it Is to
produce a significant reduction in the incidence of the disease.

J Passive inmupisation. Until active immunisation is well establshed
passive i isation by the ad fon of antibody can stll
play 2 useful part in protecting exposed individuals. It should now
be possible for preparations of known antibody potency to be
available for use in protection of those known to be particulatly
at risk, Passive immunity 1s, of course, only of temporary value
(five to six weeks) .

Three types of preparations of antibody can give passive
mmunty:

() Indivsdual sera from adults or known convalescents. ‘These,
though they may contam high concentrations of any one type 0
poliomyelitss anttbody, cannot be relied upon to contaia usc
concentrations of anttbodtes against all three types of the virus,
Consequently thetr use iavolves both titration of each serum L\_SCd
and typing of the strain agatnst which it 15 to be used — an im-
practicable proposition because of the delay it causes.

(1) Preparations of pooled sera: these are more likely to be “‘poly-
valent” than mdividual sera but have the disadvantage that the
sk of contamination of the pool with infective hepatitis virus
incteases with the addition of each sample of seram; yet & lasge
pool 1s desirable 1n order to increase the chances of representation
of antibodies of the three types. £

(W) Gamma globslin made by concentrating the pooled sera 0

i) appears to zemove the danger of hepatins while reraining the
pades of the three od 'I:}l’lc body content in the

g;;nmz globultn appears to be approximately the same as in the

nitial serum pool from which it was prepared(®)). The lzxilgﬂ d;:
pool of serum from which the gamma globulin is prepared the mo
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likely it is to contain useful levels of anubody against all three types
of virus, provided strains of all three types are known to be pre-
valent in the tommunity, It 15 obvious that gamma globulin
B A T L arh e .

. . . .
ensure that they do 1n fact contain uscful amounts of 2ntbody of all
three types.  The Jevels of annbody obtaned 1 the recprent’s
serum with practicable dosage of gamma globulin, which is a
viscous maternal, are low compared with the levels which can be
obrtained by acuve tmmunisation, but they appear to be sufficient
to neutralise vrrus 1n blood on the way to the central nervous
system (though not sufficient to cross the blood-bramn barrier and
30 to ntutralise the virus already inthe central nervous system (®).
It 15 therefore reasonable to cxpeet gamma globulin to have 2
prophylactic cffcet; and this effect has been confirmed by clnical
wnalin the United States of America where 1n 1951 and 1952 gamma
globulin was given propylacsscally to approstmately half of 55,000
children 1n epidemic areas (%), The rosults suggested that the
injections () reduced the seventy of cases occurning within
the first weck follow ing the tnjection and (b) redueed both seventy
and the number of eases 1n the followng four to five weeks, being
the period for which the antbody was expected to remain 1n
the bloodstream  These findings indicate that gamma globulin has
2 uscful application 1n the protection of individuals particularly at
nsk  Ie should perhaps be emphasised that though, on paper,
“seduction of seventy of paralysis” may not appear 1o be a very
striking achievement, 1n practice 1t may make all the difference to
the patent between complete dependence and an independent,
though perhaps restncted, life for the rest of tus days, and in fact
measures which reduce severe to moderate, or modenate to mild
{unlpu, arc as important as measures which prevent mild para-
ysts.

One objection rassed aganst the use of gamma globulin to
g€ temporaty passive protection has been that 1ts recipient might
not xequire active tmmunuty A infected  Reeent studies made duning
the chmeal thal in the Unied States of Amentea, however, showed
that the gamma globulin did not appear significantly to hamper the
development of sctive tmmunuty (),
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Inevitably a substance which is useful prophylactieally is also tried
therapentically, In 1945 Bahlke and Perkins made such a tral of
gamma globulin on a controlled series of poltomyelitis cases (7).
5 - T aoa

L [P NUREY )

barrier. Quantitative studies of the therapeutic application of
gamma globulin to poliomyelttis are in fact overdue; theoretically
the difficulties might be overcome by (a) obtaining levels of serum
antibody sufficient to allow a spill-over mto the central nervous
system (*%), or (b) lowering the blood-brain bartier (2} or (c) ad-
ministeting the anttbody on 't}"m brain side of the barsier, e.g. into
the cerebro-spinal fluid (%),

2. PUBLIC HEALTH MEASURLS IN PREVENTION OF SPREADOF ACUTE
POLIOMYELITIS — THE PROTECTION OF THE INDIVIDUAL FROM
EXPOSURE

As already described 1t has been known for many years that not
only the case of poliomyelitis but also his contacts ate infected with
e e mcntm AT ncalesTe e L shaa siena tha maen e Ataonased(M).

rare complication of 2 common infection, thts fact of the infecusty
of a case and his contacts did not appear to demand vigorous
action, though in this and some other countries full fever precav-
tions had been used 1n nursing the case for the first three weeks of
his sllness. It was generally felt that any attempt to prevent the
spread of virus would be not only ineffectual in the presence of so
many silent infecti but even — ing it wete possible -—f-
undesirable, since it would presumably deprive the population of
harmless and p lly useful i ity.

Now, however, that the ratto of frank discase to symptomk;s
infection has so strikingly increased — tn other words that the
disease has developed epidemic characters, it has become necessary
to reverse this view, for the proportion of infected cases acqulﬂnj
paralysis as well as immunity has become so great that the cost 2
death and diszblement of allowing the virus frec passage !hm“g
the ity must be regarded as excessive. A scn::logxml study
of the chuldren of 2 town 1n the United States of. Arx{cna'Mqu?fm
this pornt very clearly, Even after two severe epidemics io Oh-
Fears (one with an madence of 62 frank cases per 100,000 pop™
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tion) over half the child population studsed were found to be still
suscepuible to one or more types of the virus, though all three
types had been represented in the epidemics (7).

The cost in paralysis and death of “natural immunisation™ is in
fact now so high that until it can be replaced by a safe anificial
immunsation some form of quaranuine restniction, applied not
only to the case but also to the case’s contacts, is necessaty to
obstruct the free passage of the more virulent forms of virus to
other publ bers of the ity, ‘The higher the
visulence of the nfecting virs (xe. the hugher the incidence of
frank disease per infection) the more obviously effecure will the
quanntne regulations be, since many of those quaraatined wll
develop frank disease dunng the period of quarantine (). At
lower Jevels of virulence the number of quaranuned persons who
actually develop frank disease will be less impressive but their
quaranune will stll have controlled the concealed spread of the
varus 2nd the same general reduction 1n notfications will have been
achteved, particularly if the restrictions are enforeed eatly in the
poliomychius scason: the more virulent stratns of virus will have
been “blind alleyed” and the chances of the population acquiring
smmunity without paralysis by infection with the less virulent
strains of the same type will be correspondingly increased — in
othet words, natunl faf tnmunisation without paralysis will have
been favoured ().

Meanres recommended,

1 Of prime 1mportance 1s the observance of strict feer precas-
ion (mmed against both pharyngeal and faceal excreuon) in hand-
Iinp the nattane i sl Cot slas, eomr L.

‘e o .. . .
wunul UL thuse coming tn contact with both patients and ther
contacts,

2. Quannune of contacts appears 1o be both an effecuve and
practicable measure. The type of control of contacts which 1s used

T n some ies for control, viz. ob-
servation and 1solation when symp develop, 15 ty
not suitable to the control of the contacts of a ase of acute polio-
myelitis since sn wndividual may be infectious for as long 25 4 days

fore he develops frank symptoms or he may be symptorless
throughout,  Therefore quarzntine 1s recommended for 3 weeks
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Inevitably a substance which is useful prophylsctically is also tried
therapeutically. In 1945 Bahlke and Perkins made such a trial of
gamma globulin on 2 controlled series of poliomyebitis cases (7).
L T R R O e A AR T v

barrier.  Quantitative studies of the therapeutic appleation of
gamma globulin to poliomyelitis are in fact overdue; theoretically
the difficulties might be overcome by (2) obtaining levels of seum
antibody sufficient to allow 2 spill-over into the central pervous
system (%), or (b) lowering the blood-brain barrier () or (<) 2d-
ministeting the antibody on the brain side of the bartier, e.g. into
the cerebro-spinal fluid (%3).

2. PUBLIC HEALTH MEASURES [N PREVENTION OF SPREAD OF ACUTE
POLIOMYELITIS — THE PROTECTION OF THE INDIVIDUAL FROM
EXPOSURE
As already described it has been known for many years that oot
only the case of poliomyeltis but also his contacts are infected with
m A e aet e T eVt e L a s a sha cnca e Augranced 1)
-t
. . - 2
rare complication of a common safection, this fact of the infectrty
of 2 case and his contacts did not appear to demand vigorous
action, though in this and some other countries full fever pm“;
tions had been used 1n nursing the cas for the first three weeks ©
his illness. It was generally felt that any attempt to pfevent the
spread of virus would be not only ineffectua! in the presence of so
many silent infections, but even — assuming it were possible —
undesirable, since it would presumably deprive the population ©
and p ially useful i jity.
Now, however, that the mtio of frank discase to symptomless
infection has so stokingly mncreased — in other words that the
disease has developed epidemic characters, it has become necessasy
to reverse this view, for the proportion of infected cascs 20quiz?8
paralysts as well as mmunity has become so great that the cost :g
death and disablement of allowing the virus fr;c passage '1:13‘;3‘
the must ded i 8! 5
of the children of a town tn the United States of . Axx:[:ﬂ'm.ﬂl'{m?ﬁ
this point very clearly. Even afier two severe epidemics 1o :h :
years (one with an madence of 62 frank cases per 100,000 pop!
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tion) aves half the child population studied were found to be still
susceptible to one or mote types of the virus, though all theee
types had been represcated in the epidemics ().

‘The cost 1 paralysss and death of “natural immuaadsatton” is in
fact sow so high thas untsl 1t can be seplaced by a safe artificsal
i ion some form of g , appled not
only to the case but also to the case’s contacts, is necessary to
obstruct the free passage of the more virulent forms of virus to
other ptibl bers of the The higher the
virulence of the mfecting virus (1e the higher the incidence of
frank dsease per infectton) the more obviously effective will the
quarantine regulations be, stnce many of those quarastined will
develop frank disease during the pertod of quarantine (¥). At
Tower levels of visulence the number of quarantined persans who
actually develop frank disease wall be less impressive but their
quarantine will sull have controlled the concealed spread of the
virus and the same general reduction 1 notifications will have been
achieved, particularly of the restnetions are enforced eatly in the
poliomyelins season: the more virulent steains of virus will have
been “blind alleyed” and the chances of the population acquiring
unmumty without paralysts by mnfection with the less virulent
strms of the same type will be correspondingly increased — in
other words, natural saf tmmunssation without paralysis will have
been favoured (%),

Measures recommended

1 Of prume mportance 1s the observance of strict fever precaw-
#roms (asmed aganst both pharyngeal and faccal excretion) n hand-
ling the patient in the first three weeks of the disease. These must

AP . P

$16 1 time ross piase o8 alom nmmnee s

contacts.

2. Quaranonic of contacts appears to be both an effective and
practicable measare The type of control of contacts which is used
effectively in some commumes for smallpox control, viz. ob-
servation and 1solation when symp develop, 1s unf !
not sustable to the control of the contacts of 1 case of acute polto-
myelts 9nce a0 ndividual may be infections for as Jong as 4 days
before he develops frank p or he may be symptoml

hroogh Therefore is ded for 3 weeks
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Inevitably a substance which is useful prophylactically is also tried
therapentically. In 1945 Bahlke and Perkins made such a trial of
gamma globulin on a controlled series of poliomyelitts cases (%),
They showed no advantage fromits use. Unfortunately, the gamma
globulin was given int larly and the dosage used must have
been inadequate to enable the antibodies to cross the blood-brain
bargier. Quantitative studies of the therapeutic application of
gamma globulin to poliomyelitis are in fact overdue; theoretically
the difficulties might be overcome by (a) obtaining levels of serum
antibody sufficient to allow a spill-over into the central pervous
system (*%), or (b) lowering the blood-brain barrier () or (c).ﬂd-
ministering the antibody on 91: brain side of the barricr, ¢ g. into
the cerebro-spinal fluid ().

2. PUBLIC HEALTH MEASURES IN PREVENTION OF SPREADOF ACUIE
POLIOMYELITIS ~— THE PROTECTION OF THE INDIVIDUAL FROX
EXPOSURE

As already described it has been known for many years that not
only the case of poltomyelitis but also his contacts are inf:ctcr-l/, W;:)h

7 .

and 2D ¥ virus by the tim: g
So Iong as infection with the poliomyeliis viruses was in the vast
majority of indieiduals symptomless, and frank disesse only #
rare complicatton of 2 infection, this fact of the infectvity
of a case and hus contacts did not appear to demand vigorow
action, though 1n this and some other countties full fever precav-
tions had been used 1 nursing the case for the first three weeks 0
bis 1llness. It was generally felt that any attempt to prevert the
spread of virus would be not only ineffectual in the prescoce of so
many silent infecttons, but even — assuming it were possible 7
undestrable, since 1t would presumably deprive the population O
harmless and potenttally useful immunity.

Now, however, that the ratio of frank disease to S)’rx'lem‘élss
infection has so stukingly increased — in other words that th¢
disease has developed epidemic characters, it has become neccf{”?
to reverse this view, for the proportion of infected cases ﬂcqmﬂnﬁ
paralysis as well as immunsty bas become so great that the cost h
death and disablement of allowing the virus free passage (hmﬂg
the community must be regarded as excessive. A scm‘lc'g_lml 3“: 7
of the children of a town 1n the Unured States of Amcna_xﬂus!f; o
this pomt very clearly. Even after two severe epidemics 12 ;Iz-
yeats (one with an mncidence of 62 frank cases per 100,000 pop
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tion) over half the child population studied were found to be stll
susceptible to one or more types of the virus, though all three
types had been represented in the epidenucs (7).

‘The cost in paralysis and death of “natural immunisation™ is in
fact now so high that until it can be replaced by a safe arifictal
immunisation some form of quarantine restriction, applied not
only to the case but also to the casc’s contacts, is necessary to
obstruct the free passage of the more wirulent forms of virus to
other -ptibl bers of the ity, ‘The hugher the
vinrlence of the infecting varus (e, the higher the incidence of
frank disease per infection) the more obviously effective will the
quarantine regulations be, since many of those quarantined will
develop frank disease dunng the period of quarantne(®). At
lower levels of virulence the sumber of quarantined persons who
actually develop frank disease will be less impressive but their
quarantine will still have controlled the concealed spread of the
virus and the same general reduction 1n notsfications will have been
achieved, particularly if the restrctions are enforced carly in the
poliomyelius season: the more virulent strans of virus will have
been “blind alleyed™ and the chances of the population acquiting
immunity without paralysis by infection with the less virulent
stramns of the same type will be correspondingly increased — in
other words, natural safs immunisation without paralysis will have
been favoured ().

Measures tecommended.

1 Of prime 1mportance is the observance of strict ferer precay-
f1ons (umed aganst both pharyngeal and faccal excrenon) in hand-
ling the paticat 1 the first three weeks of the disease ‘These must
be a e gue non of the management of poliomyelitss, the infectivity
of the pharynx as well as of the facces should be uppermost 1n the
minds of those comung i contact with both panents and thewr
contacts.

2 Quarantine of contacts appears to be both an cffective and
practicable measute  The type of control of contacts which 18 used

fic y 1n some for {lpox control, viz. ob-
servation and tsolation when p develop, 15 ty
0ot suitahle to the control of the contacts of a case of acute polio-
myelitis since an tndividual may be infecttous for as long as 4 days
before he develops frank symp ot he may be ptoml
hroughout. Therefore g is ded for 3 weeks
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from the time of contact for houschold ot other known direct
coptacts, by the Expert Committee of the World Health Or
gamsation and the Ministey of Health for England and Wales ().
On occasions 1t may be necessary to control second-class contacts
(contacts of contacts) such as the famuly or household of a contact,
particularly if these have special opportunities for transmitting the
vuus to large numbers of others, e.g. school teachers and school
children. The 3-weeks period, though it is of coutse shorter than
the period of faccal mnfection, appears to cover the period of
infecttvity. The combinatton of fever precautions in nursing a case,
quaraatine restrictions of hus contacts, and the adminustration of
gamma globulin to contacts ikely to be particularly suscepuible
(the pregnant, the lactating and those within one month of an
itnitating njection) offers a practical method of controlling the
disease, until active immuntsation becomes an effective solution to
the problem,
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MANAGEMENT OF THE ACUTE STAGE

Stnce there is no speaific therapeutic agent yet avallable for the
control of the infection once chnical disease has developed,
treatment is largely palliative and directed to the prevenuon and
control of complications. 1t is useful 1o bear in mind the following
charactenstics of 2 patient with acute poliomyelitis:

(1) He it acutely infections to all those who come in contact with hum
or his excreta, and for the sake of his attendants 2nd of all those
who come in contact with them full fever precautions must be taken as
if he were a case of both diphtheria (infection 1n the pharynx) and
typhoid (infection 1n the stools). Masks and gowns must be worn,
and all excreta and linen disposed of so that transmussion of the
viruy cznnot take place.

FE N SRR

N N P P TR R

trachion on the cord and nerve roots He may tend to adopt, so
far as hus muscle power allows, a version of the charactenstic
“meningiuc” posture and to maintan it by “spasm”  All this
motor actvity, whether reflex or voluntary, is however, belicved to
contribute to the vulnerability of the nerve cells to the virus; 1t 1s
therefore as important as 1t 15 humane to reduce 1t by dulling hus
consctousness and encouraging sleep. A strihang feature of the
disease 15 that patn and surrounding events may be appreciated very
inteasely, even though the interpretation of them may be somewhat
confysed

(3) Hessan part or wholly at the miercy of his emironment as a result
of the paralysss of the muscles of head, neck, trunk and hmbs 1t
15 often hard to appreciate what this means to the patient in the
acute stage when his Iimbs look quite normal,

) Resprration and swall +tion and defaccaton may be
Paralysed as a gesult of damage to the mnervation of their muscles
o ta the vl centres. Paralysis of respiration and swallowing may
develop extremely rapidly and are an acute medical emergency 1n
which the prognosis detenorates with every munute’s delay 1
treatment. It s therefore essential that a close watch be kept for the
D 1451
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from the time of contact for houschold or other known direct
contacts, by the Expert Committee of the World Health Or-
ganisation and the Ministry of Health for England and Wales ().
On occasions it may be necessary to control second-class contacts
(contacts of contacts) such as the family or household of a contact,
pasticularly if these have spectal opportuntties for transmitting the
virus to large numbers of others, ¢ g. school teachers and school
children. ‘The 3-weeks period, though it is of course shorter than
the period of faecal infection, appears to cover the period of
infectivity. The combnation of fever pr ions in nursiag a case,
quarantine restrictions of his contacts, and the administration of
gamma globulin to contacts Likely to be particularly susceptible
(the pregnant, the lactating and those within one month of an
1rritatng injection) offers a practical method of controlling the
disease, until active immunisation becomes an effective solutton to
the problem.
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indication that the attack of poliomyeltis is particularly severe or
his Life in danger. He should also be reassured that its use will
be not a further inflicuon in his phight, but a pleasant relief which
in particular will allow him to get much-necded sleep.

2. RELtEF Or PAIN

Pain should always be rehieved as far as possible in order to
teduce motor acuvity, testlessness and spasm:

(a) Aspirin telieves the headache, reduces the fever and conse-
quently the discomfort, and also has 2 useful analgesic action.

(b) Phenobarbatone is almost spectfic in telieving the often acute
awareness, discomfort, and anxiety. Doses of gr. 1 t.d.s. for adults
are recommended and 2 proportionate dose for children. A patent
in bosprtal and therefore within reach of all accessory Life-saving
P I S N T

recovering their normal general health, cannot resume thetr normal
activities. Its depressant effect on morale should not, however, be
forgotten.

Opnates are, generally speaking, contramndicated beeause they
depress the respiration and the cough reflex and because they may
cause g, which 15 1 d le since the vorut
may be aspieated.  Small doscs of nepenthe may, however, be
useful occasionally, when possible comphcations are all under
control (1 ¢. the patient 15 alteady adequately ventilated 1n a lung
and all equipment for suction 13 available), 1f there 1s particular need
of 1t for some unpleasant or tiresome manoeuvre. Thus for prone
turning 1n a respirator the minimum of nepenthe coupled with 2
short acting barbiturate 1s permissible and helpful; but after 1ts use
a very careful watch must be kept for signs of underventilation or
obstruction of the arway

(c) Finally, 1t should be stressed that judicious measures to relive
spasm, the correct posturing of the lmbs, and munor shufts of
weight to relieve pressure as requested by the patient are essential
parts of the selief of pan; and that good nursing 15 more effective
than the entire hospital pharmacy in felieving the patient’s dis
comfort, patn and anxiety, and mn preventing severe complications
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earliest signs of their development throughout the first two weeks of
the disease.

Inevitably, the nursing of acute poliomyelitis is a compromise.
We should like to abolish all motor activity by heavy sedation but
we must keep the patient sufficiently awake for him to assist volun-
rarily in the correction of paralyses of respiration and swallowing

to sleep with an effective drug before we have taken over from him
these two important tasks he will either drift via the unconscious-
ness of sleep through anoxna into coma and death, or simply drown
without 2 struggle in his own saliva.

Sinulatly, we should like to disturb him as little as possible, in
order to reduce the reflex motor activity caused by handling hum.
But if we carry out this principle without modification, he will, f
he 1s paralysed, develop deformities and pressure sores; if gle has
respiratory weakness he may develop hypostatic pneumonia and

1 and 1f his b is prol d, he will run the

sk of urinary complications,

1. REASSURANCE

An atmosphere of optimsm should prevail. It is impossible,
evea for the most experienced clinician, to forecast m the early
days what will be the final disability, and nuzses as well as patients
should be assured that even severe inittal paralyses may show vety
reasonable recovery. Bulbar cases, 1n particular, often have an
excellent progaosis if they can be helped to survive the com-
plications of the acute stage.

The patient should be told that his most important
15 to relax, that he will be helped to do so by drugs, and X
protection and care of his ltmbs will be taken over from him This
promitse must, of course, be fulfilled. He must be instructed to
refrain from “trying muscles to see 1f they work” and from t£7i28
to ““work the numbness out of them.” If assisted respiration 1
likely to be necessary he should be told defarchand that the flﬂ’“
lung” will be used as a temporary assistance — to take over rom
muscles before they become exhausted — and that 1ts use 13 not 22

contsibution
and that the
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indication that the attack of poltomyelitis is particularly severe og
hus Life in danger. He should also be reassured that its use will
be not 2 further infliction in his plight, but a pleasant relief which
in particular will allow him to get much-needed sleep.

2, RELIEF OF PAIN

Pasn should always be relieved as far as possible in order to
reduce motor activity, restlessness and spasm:

(a) Aspirin selicves the headache, reduces the fever and conse-
quently the discomfort, and also has a useful analgesic action.

n D, M Tt e L

i bospital and therefore within reach of all accessory h[c-‘savmg
L e VR

PUSEI

convalescent stage, to relieve the frustration of patients who, while
recovenng their normal general health, cannot resume their normal
actuvities Its depressant effect on morale should not, however, be
forgotten.

Opuates are, generally speaking, contraindicated because they
depress the respiration and the cough teflex and because they may
cause vomutng, Which 1s parucularly undesirable since the vomit
may be aspirated.  Small doses of nepenthe may, however, be
useful ocasionally, when possible complications are all under
contsol (¢ e. the pattent 15 already adequately ventilated 1n 2 lung

and all equip for suction 15 ble), if thete 1s p lar need
of it for some unpleasant or tiresome manoeuvse. Thus for prone
turniIng 1n a resp the 3 he coupled with a

©of acp

shost acting barbiturate 1s pernussible 2nd helpful; but after ats use
a very careful watch must be kept for sigas of underventilation or
obstruction of the airway

(¢} Finally, 1t should be stressed that judictous measures to relieve
spasm, the correct postuting of the imbs, and minor shufts of
weight to relieve pressue as requested by the patient are essentral
patts of the relief of pain, and that good nursing 1s more effecttve
than the entire hospital pharmacy tn relieving the patteat’s dis-
comfort, pain and anxiety, and 1n preventng severe complications.
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3. Correcr MANAGEMENT OF PARALYSED PARTS

(@) Marntenance of normal or optimmnt posture. The patient Lies flat
on his back, (fig. 8) the head is supported on a flat pdiow, and the
normal lordosts is mamntained supported by a very small pillow
under the lumbar spine.

The ideal position of the paralysed arm is abduction at the shoul
der, moderate flexion of the elbow and the position of function of
the hand (dorsi-flexton of the wast, opposition of the thumb and
slight fledion of the fingers) (fig. 9). The purposc of the abductton
at the shoulder is to maintain the length of the antenor and
posterior axillary walls and not, as is often believed, to “rest” the
deltoid.

Fig 8 Position for nursing casc of poliomgelius

without respitatory complications. Nese the

to take the weight of blankefs off trunk and lowe

limbs, pads (2) to preserve Jumbar fordosss, (:)m

prevent hyperextension of kace and (c) to relieve
excess pressure on heels; and footboard

In most current types of resperators it 1s niot possible to obtain
satisfactory abduction at the shoulder, and it is necessaty to have
the atms either strarght at the side ot supported in as much abd:s:
tion as possible with the forearm flexed on 2 small pillow, ;D "
justed that 1t does not interfere with the chest 'moYe'rnC{if- I;'hlc
new wides resp some abduction at the is POS!; .
and should always be taken advantage of; since adduction con) P
ture of the shoulder 15, because of the difficulty of fixing the SC:!P‘:_h;
a difficult complication to correct later, It may take many mof!
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to overcome such a contracture which is too often fully developed
after four weeks of respirator treatment.
For the lower imbs shight flexion of hup and knee are the position
- R N N |

which even a normal leg becomes uncomfortable most quickly.)
Latetal support at knce and foot 15 usually also required to prevent
the limbs rolling into external rotation,

‘The foot 1s maintarned 1n the neutral positton — no dorsi-flexton,
00 adduction, no mvetsion or eversion — by any method which 15
successful. It 15 important to prevent shortening of the calf
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muscles. A simple foot-board is often sufficient in 2 completely
paralysed patient, but if the patient can move erther his trunk
or the imb, foot and foothoard will soon part company, The
hasty readjustment by nurse or physiotherapist every time the
bedclothes are tuzned back (often with eatnest protestations that
the position was excellent half an hour ago) is an indication that the
device in use 15 inadequate for this particular case. A useful device
is the half-box (fig. 8) with a heel ring to distribute the weight of
the heel and keep the foot from slipping away from the end; its
sides control the tendency of the foot to rotate outwards; in the
presence ofa flail hip, however, this control must be supplemented
1 . Tt oo e DI R S LTy

plaster or alurmuntum back splint: it must of course extend above
the knee, since the ealf muscle covers both knee and ankle jou}ts;
1f only a below-knee splint is used the calf will shorten by flexion
of the knee, and when the splint is removed full extension of the
knee is obtained only at the expense of dotsi-flexion of the foot, and
vice versa.

In the prone or, better, the sems-prone posstion the head is turned t0 the
side; the chest and pelvis are supported on pillows to allow move-
ment of the diaphragm and abdominal muscles and the legs must
be supported at the ankle to allow the feet to drop into the neutsal
position. Abduction of the arms to 90° with flexed elbows has the
advantage of correcting the tendency to adduction contracture but
1t is often too pamful to be tolerable in this position.

(b) Carsful bandling of the limbs. As indicated above, the uzmo;!
care 1 necessary 10 handling the imbs in a case of acute poliomyell
tis, Nusses should be taught to .

(1) avoid stretching the nerve roots, which precipitates or 10-
creases spasm; )

(1) avord compressing the muscles. The {imbs should zlwzy:
be picked up at at least two bony places, and pever over a mu;} f
belly, which is always sensitive — particularly sensitive 13 the 1;
which is also p latly esposed to handl Thc lower h;zn“
should be picked up by one hand under the os ‘calcis and the ot]

under the knee, and not by the foot alone since this allows the
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weight of the leg to hyperextend the knee, and at the same time
inadvertently performs a straight leg raising test, which we know
to be pawnful.

(w) avoid & of the ung d jownts. Subl ?f
the hip and shoulder has been known to occut particularly in
small children unable to express or resist the pan caused by
distorting movements. This danges should always bein the mind of
a phystotherapist bent on mail full range of

() The prevention of postural oederra. Gross ocdema of the fect
and legs is occasionally seen when there 1s complete paralysis of
the lower Limbs. The immobility of the legs in a dependent
position, and P of veins and lympt in the popliteal
repion and upper calf are the causes; passive movements, massage
and cotrect posture, combined where necessary with a slight head-
down tilt of the bed or respirator at night prevent it

(d) Protection against pressure sores, ‘The mattress should be flat;
1f necessaty, fracture boatds should be applied under the mattress
which should be at least 5 tniches thick (for an adult). Eitherinterior
springing or a foam rubber mattress 1s the most suitable foundation
for a paralysed pauent.

The weight of bedclothes must be reduced to a muimum stnce
by increasing the pressure of the patient on the bed, they increase
the tendency for sores todevelop. In addition, they cause deformuty

— particularly of the feet — and can seriously interfere with tespira-
t1o~ Tha geataly of sha hadt I P o

. -
Bla terg g (e e --‘«-': . .
massage with spratmust be a routine, and pressute fings (pneumatic
or the usnal bound bandage ring) by dispersing the weight contri-
bute to the prevention of sores over pressute ponts. Attention
must also be paid to any site which may be compressed by appara-
tus, eg. the exposed position of the external popliteal netve to
pressure by 2 plaster back-slab, and the shoulders of 2 patieat who
13 upped head d ds 1n 2 eabinet

(¢} Maintenance of passive joms range and the relief of spasm. The
maintenance of a useful range of joint movements 1s 1mportant
the eatly stage of the disease, for, as already ndicated, 1t 15 at this
stage, when denervation changes are taking place mn the muscles
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that the tendency to develop cither shortening or excess length of
the affected muscles is greatest, The need to nuiatain 4 usefil

range of movement, howevet, in no way contradicts what has
DA S e ra.

already .
limbs. . .
moveme

P , 110t only is ingly panful for the patient, but also
defeats its own object, since it only increases the spasm to be con-
tended with at the next session; in children it can lead to dislocation,
particularly at shoulder or hip.

Maintenance of a fw/l range of movement is, in fact, in many cases
not possible; rather a “useful” range of movement should be
armed at. Thus, if passive abduction of the arm to 90° cn be
maintained in the acute stage, there will be little difficulty in restor
ing full range in the transitional stage. (In certain jounts, in fict,
Jfwl! range of movement 1s not even desirable — e.g. full palmat-
flexion of the wrist with weak dorsiflexors or full dorsiflesion of
the foot with a paralysed calf can be a severe ‘disabiliy) .

Passive movements are performed so 2s to give as httle pain 2nd
fatigue to the patient as possible, If movement at a jont 1s parnless
and no resistance 1s felt it need not be put through its range t?f
movement more than once — to confirm that the movement 1s 12
fact free. If thete is resistance ~ or pain — this is best overcome
by taking the joint gently to the humt of the patient’s comfort (o0t
of what can be obtataed by force) reversiag and then approachisg
the limit again — at each return a small increase in range will be
obtatned without any increase in patn. *“Spasm" of the antagonsts
is abolished not by foce but (a) by asking the patient 1o assist the
movement genly, since in attempting to do so he will inbibit }he
unconscious resistance of the antagorusts and (b) by the application
of hot moist packs to the muscles and their antagonists before pet:
forming the movements.

KENNY TREATMENT

reatment
m. %
1088

Treatment by hot packs was introduced into the t
of acute poliomyelits by Sister Kenny of Austealia ™
conststs 1 the application of heat in the form of hot fomentat
over muscles whose shortenung, whether of denervation ufr;;
spasm, s panful and restricts the range of joint movement. "
choice of mvist heat 1s necessary because other forms of extern
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Tmrs o mamdae Jomabaatte o V4, 1 .

considerable help in the control of painful spism and maintenance
of passive movement 1n the acute and transitional stages. If there is
s . .

P R e

pain, and the help they give in putting jomnts through their necessary
range of movement. The hot packs ate apphed in the form of
picces of blanketing wrung dry through boiling water and applied
durect to the skin The mossture 15 retained with jaconet or other
impermeable matenial and the heat by further warm wrapping
outside the jaconet.  Swster Kenny was insistent that the pack
should not cover the jount itself but be applied to the different
uatts of the body leaving the jomt free, and thus 1s of course the
most practcable way to apply them, A speaal machine which
spin-drses has been designed for the preparation of hot packs but
a simple washing machune, with attached wringer, through which
the packs are wrung twice, 15 perfectly surtable for the occastonal
patent In hot weather the use of packs may have to be restricted
because of the danger and unpleasantness of overheating the
patient, parucularly of he 35 febule. Since hot packs owe therr -
action to their heat, which causes a reflex relaxation of muscle, their
effect 15 reversed when they become cold; 1t is therefore obvious
that they should never be Left on for longer than wseful beat 15 resarmed.
A useful routine for the application of packs 1n the acute stage
1s 2 two-hourly admunistration, the packs being applied five times
a day, at two-hour intervals  If the interval 1s to be longer, as
at the end of the day, they are removed at the end of two hours.
‘They must not of course be left on over-night, nor should thesr
application be continued through the might since due respect must
be pad to the patient’s need for sleep, In practice, packs appled
through the day will usually actueve sufficient comfort for the
patient to pass the night without fusther attention. In ths context,
1t should be mentioned that there 1s always a danger of excessive
h leading to of acute poliomyel
Poliomyelitss patients, parucularly chuldren, whose need fot sleep
13 always high, must not be handled and manspulated conunually
but allowed to rest, and treatment and tnterference should always
be cut down to the mummum compatible with the needs of the
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respiratory system,
pasen- =

ho - ' = 1 ’
again, their effert ic nenhahly he calianinn caflas tanem Danaccad
short applicatic

three minutes, N . , -,
considerable help when respiration is imparred and may in the
borderline case obviate the nced for artificial respiration. A patient
who can breathe in the supine position but becomes breathless @
the prone position can imes be iderably relieved in the
prone position by such intensive packing to the back.

A further use of hot packs may be mentioned here. It arises after
the acute stage when the patient is scen with already established
contractures, e.g. a pattent coming out of a cabinet respirator with
adduction contractures of the shoulders. In these cases hot packs
can help to relax and stretch the alteady established contractures
At this stage it is often found best to concentrate the packing in
only one or two single sessions a day, during which the packs ar¢
changed every 10 minutes with the aim of maintaining 2 high
temperature for about one hout, at the end of which time gentle,
but firm, manipulations of the affected muscles and joints may be
attempted with good chance of suceess. If the limb is now lefriz
the position of maximum stretch of the contracture the next tieat-
ment starts at this point, and a few further degrees of stretching arc
obtained daily with minimal pain.

and of the paralysed limbs, and adapted to the
e .- B

4. MANAGEMENT OF URINARY DIFFICULTIES

Paralysis of the bladder with retention of urine is 2 selatively
common complication and should be watched for and t'x&.!Cd s
soon as 1t develops. Normal functton usually returns within N";
weeks. Treatment may be exther by the administration of mrblc?
o simular drugs, or by catheterisation twice a day with all stenlle
T never by a self- catheter, which increases lh;
risk of unnary infe — a complication jt is impostan (onvold
in any paralytic conditton. The period of catheterisation shoul
be covered by antibiotics. Normal bladder function usually fﬂ“fms
within two weeks. Prolonged retention, or its recurrence al tc;
the acute stage 1s usually associated with neglected constipation an
responds to effective clearance of rectum and colon.
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5. MANAGEMENT OF CONSTIPATION

Constipation is a very common complication. While it lasts,
it can, if neglected, cause a iderable degree of d. fort, is
often responsible for p plained mild pyrexsz in both
children and adults, in respiratory cases can sertously restrict the
- Ve R .
o -

t ' .

of passage of small stools — or even of unexplained faecal in-
continence and the “diarchoea” of paralytic constipation, In such
cases effective evacuation of the bowel with glycerine enematz, or,
1f necessary, manually, will produce the most astonishingly bulky
results. This will be followed by marked smprovement of the
general condition of the patient and, if the respiratory muscles are
afiected, also of the respiration. Constipation 15, of course, most
often seen in the severely paralysed who are inactive, and par-
ncolarly 1n those with weakness o complete paralysis of the
abdomunal wall. So long as it persists 1t must be controlled. The
following routine regime 13 recommended:

A glycenne enema 15 given every third day (2 oz. cqual parts
glscentne and water, for children, and 4 oz. equal parts glycetine
and water for adults). Once the bowel has been cffectvely evacu-
ated the consupation can usually be controlled by small amounts of
liquid paraffin gtven by mouth or by any aperient found to suit the
patient, and only occasional encmata will be necessary. The
tendency to consupation decreases with increased actvity,

6. Diex

In the eatly stages diet should be nounshing but kght  Digesu-
bility and rapid passage through the stomach 15 an important
f?ctox, since vomuting 15 common, particularly in those with -
ciptent bulbar paralysis. In the acute stage all feeding should, of

possible, be done by the nurse 1n order both to rest the patient and
to kean hie cnmllammnnsndan alas, R -

cuitheulty 1n swallowing ean often control “Jelly” better than flusds
{mulk or water jelly) and finds particular difficulty with foods of
more than one consistency, e.g. fruit salad, cornflakes with mulk,
etc. or very hard foods
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After the acute stage the diet must be adjusted to the needs of
the patient, Nearly all patients lose a good deal of weight during
the acute stage and they should at first have a high protein diet and
be allowed and encouraged to eat as much s they ltke. After the
first three or four months, however, 2 watch should be kept on
their weight so that they do not overburden weakened muscles with
an unnecessary load of fat. Cases who have had respiratory compli-
cations are usually slow to put on weight and will be unaffected by
every fattening ruse. There seem to be two reasons for this — firstly
2 pattent with signif piratory deficiency takes what scems to
his attendants an incredibly long time to eat even a small med,
and his intake is consequently reduced; secondly, 2 full stomach
increases the patient’s difficulty in breathing and he therefore
avoids it.
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RESPIRATORY COMPLICATIONS

In the term *‘respiratory complications” we include all the
complications arising from paralysss of the muscles whose normal
function 1s to keep 1 clear airway and maintain adequate ventilation
of the lungs: viz. the muscles of the tongue, jaw, palate, pharynx
and larynx on the one hand, and the true “respiratory muscles”

diap} s and abd 1 muscles) and accessory
muscles of respiration (sternomastoid) on the other. Paralyses of
these muscles constitute an acute medical emergency; they are
responsible for the majority of deaths occurning 1n the acute and
later stages of the disease. Correct early management of the
pl 1s 1mp 1n the red of the lity rate

of the disease.

Chnscally the i pl of acute poli liti
falk into three categones*

1. “Bulbar” cases — 1n whach the complications are caused
primanly by paralysis of the muscles of the tongue, jaw,
palate, pharynx and larynx — with a tesulting 1nability to keep
the arway patent and free from vomut, saliva, food, etc.

2. “Spinal” cases ~ inwhich the complications are caused priman-
Iy by paralysis of the muscles of respiration — with a resulting
nabslity to mantain sufficient movement of the lungs.

3 “Bulbo-spinal” cases — 1n whuch the two first categonies are
combined

AUTOPSY FINDINGS IN DEATH FROM RESPIRATORY COMPLICATION

The autopsy findings are sinulac for all three types, In cases
which die eatly m the acute stage, or suddenly from an acute
'c'plsodc, the main finding ts widespread pulmonary oedema. The

A r SR A W o . -

In cases which due later, ot more slowly, atelectaus 15 the more
common finding Often thete 15 free bronchial secretion, and, if

(57)
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infection is present, varying degrees of broaclutis, with lobar o
scattered pulmonary collapse or early pneumonitis. Sometimes,
however, the lungs are sumply dry and ailess.

The flurd which appears in the lungs may have either ot both of
two main sources:

(1) Tt may have been suddenly aspirated from the pharynx 1n
the form of saliva, drink or vomit, or have slowly trickled down
over the course of many hours.

(1) It may have develaped as a pulmonary transudate second-
ary to the defective venttlation. Transudation from the capillanies
can occur both from the direct effect of anoxia on their per-
meability and indirectly as a result of the raised capillaty pressuse
caused by the rise in the systemic and pulmonary blood pressures
associated with both anoxia and hypercapnia, Transudation is
also mote likely if excessive amounts of intravenous flud are
given or 1 Yhe serum dibumen falis,

The presence of fluid in the airway still further decreases the
respiratory eschange with the result that the patient enm;s 2
descending spiral of defective oxygenatton, pul ,
and stll futther interference with the respiratory exchangt, which,
if not detected and treated, will lead to death. .

The broct ! changes panyng impaiced
depend on the rate with which the deficiency develops. If the

accumulation of carbon dioxide is rapid the tesulting espizaioty
ERRN 1D N aha LTan3 LI £t 16 ehe arcumula-

which 1n this mstance is best regarded as the amount of bicarbonit
required to buffer the carbon dioxide, rises.

THE PREVENTIGN AND CONTROL OF RESPIRATORY CDMT’UC"“;”":
The prevention and contol of respiratory complications 650 i
into two essentrals+
(1) the arway must be kept clear from
(2) the Jungs must be moved sufficient]
respiratory exchange.
1. Tue MaNTENANCE OF 4 CLEAR AIRWAY. .
It 1s obytous that obstruction of the aitway "‘“se: poo
ventilation, however large the force apphed to the Jungs,

mouth to alyeolt and
Iy to ensute adequate
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The patient with poliomyelitis gets an obstructed airway eitfer
because he cannot shut off his larynx and swallow to cleac his
pharyox or because he cannot cough up the material entering or
betag secreted in his Jungs. His difficulties are mereased by the
adverse slope of the respiratory tract in the supine positon:

The 15° slope of the respiratory tract (sce fig. 10).

In the supine position (the usual position for 2 patient) there is 2
15° downhull slope from the mouth to the hilum, This means that
there 15 2 constant gravitational tendency for anything in the mouth,
be 1t saltva, vonut, food or drink, to run down the trachea into the
lungs and for pulmonary secretions to stay in the most dependent
partof the luags.

-

HOMZONTAL BLANE.

Fig 10 The 15° slope of the respiratory tract

The normal 1ndividual withour paralysts does not suffer from
this anatomucal arrangement because (2) hus muscles of deglutitron
remove foreign material and saliva from the pharynx and shut off
the larynx, so preventing flud from running down or betng
asprated into it, (b) any large amounts of matertal which should
enter the tract from sbove or be secreted 1nto 1t below can be forced
towards the pharynx by covghing. Smaller amounts of pulmonary
transudate and secrerions are stmply passed up the bronchral tree
by the crliary action of the epithelium and swallowed H)

Obstruction of the airway ta poliomyelts occurs.

(a) 1 the pharynxc- when swallowing 1s impaired saliva, vomut,
food, drink “and pulmonary seerettons pool at the back of the
phatynx, 10 be mhaled sooner or later unless removed (134 Litses
of saliva may be seereted by an adult 1n 24 hours) (Fig. 11).
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(b) in the Jarynx: loss of control of the muscles of the pharynx
and latynx and loss of coughing power allow the larynx to be
blocked by material entering from the pharynx above, or by
copious or thick secretions coming up from the respiratory tract
below., Rarely, obstruction occurs from imbalance of the intrinsic
muscles caustng narrowing of the lumen. Spasm of the adductors
or panalysis of the abductors of the larynx preventing temporaty
passing of an intratracheal tube is the only — and rare — indiation
for an gency y in poliomyeliti
(c) in the #rackea and bronehi: loss of conghing power and hypo-
stasts from mpaired respitatory movement allow material coming
down from above or pulmonaty secretions coming up from below
to block trachea and bronchi. Areas of atelectasis develop vatying
from small patches to one or more lobes, according to the size of
bronchus which is blocked.

It 15 obvious that when flurd collects in the airway (a) the adverse
slope of the trachea must be overcome and (b) suctton must be
used to remove the flnid. It is vatal that all should know that whea
a cholung fit occurs or secretions develop the patient should not b
saf zp but should at once be tipped steeply head down. A child f
necessary may be held up by the heels,

Reversal of the 15° slgpe into the lungs

In the siecp head-down supine position, secretions flow down the
trachea away from the lungs but tend to form a pool in the back
of the pharynx where an efficient water seal can develop whea the
epiglottis 1s reached, Constant vigilance and frequent use Qf the
sucker 1s necessary, therefore, 1n the suptne position, if the airway
is to be kept clear. (If this positton 1s maintained for long periods
the upper lobes may sometimes fill with flnid.)

In the bead-down prone position secretions and saliva flow not only
into the pharynx but on into — and out of — the 'moutlh Since
the tracheal slope is reversed, only 5-10 degrees of tilt are necessd-
1y, but obstruction can sull anse, if the neck is extended lmvmj
little room for a clear airway, and from pooling in the Jarynges
promunence The openung of the larynx it must be tzz}xscd ]ﬁ
now snderneath the opentng of the oesophagus and so particularly
exposed to blocking by vomit.

These dangers can be partly removed by turning the h:?d hf?“uy
jtion. Tn this positot

or better by using the bead-down sem-prone posi
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Fig 11 Radiograph with outline drasing of poaling 1n she back of the phacynx 10 # child
widh sy of he mucles of deglaguon. The smportncs of adequace sucton of
the p Cuses before Surmung e pahent on 6 s (e 15 obviows:
(By hand permission oot Drc F 11 Kempand G M Ardran of the Nuffeld Insnrute, Oxford.)
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with the head tumed laterally, no pools form in either larynx or
pharynx and the flud collects in the cheek, whence 1t esther runs
out of the corner of the mouth or is easily removed by suction.
The semi-pronc position is more comfortable since the weight is
not on the sternum and there is mote room for movement of one
side of the chest and the diaphragm. In additzon the patient can be
changed from one side to the other, Unfortunately, 1n the face
down position, respiratory movement 1s restricted by the weight of
the trunk and mechanical respiratory aid will be required for 2
lesser degree of associated respiratory paralysis. In cases with slight
tespiratory paralysis as well as paralysis of swallowing one may
have to choose between nursng in the steep head-down supine
posllldnu without tespiratory aid, of the less steep prone posttton
with ad.

2 VENTILATION OF THE LUNGS

Inspiration is normally performed by the intercostals (T 1-12)
which expand the chest wall upwards, forwards and outwards,
a0d by the diaphragm (C2-4) which expands 1t downwards and
forwards. The sternomastords (Cranial 11) may act as accessory
muscles of inspiration when ventlation 1s impatred; they are often

e only apparently active inspiratory muscles 1n spinal polio-
myelitis, since the other accessory muscles are so often pasalysed
with the rest of the shoulder gisdle. Unlike the true respiratory
muscles the accessory muscles do not appear to act 1 deep sleep.

Expiration 1s notmally performed by the elastic recoil of the
lungs and chest-wall and by the effect of gravity on the dtaphragm
n the horizontal supine position 1t can be assisted by the action of
the internal 1ntercostals (T 1-12), the abdommunals (T 8-12) which,
by increasing the abdomunal pressure, push up the diaphragm,
20d the Laussimi dorss (o)

Coughing. Both 1nspiratory and expiratory muscles are required
for 20 effective cough (effective nsprratton 1n order to obtan
sufficient volume of aur; effective expiration to force out the in-
Sired arr at sufficent pressure to clear an obstruction or move
sectetions towards the outlet). Additional requirements are: an
acuve cough centre to mntnate the mechansm and active muscles
of the larynx 1o allow pressuze to be built up 1n the lungs and
Suddcnly released.,

Control of volume, rhythm and rate of respiration. The respiratory

centre 1n the medullary bulb controls the fespiration 1n response to
b4
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the catbon dioxide oxygen and H-ion contents of the blood.

In poliomyelits certain unusual repiratory movements are
occasionally seen and deserve mention:”

(2) The sternomastoids are working alone; in this case inspins-
tion is achieved entirely by lfting the chest wall forwards and
upwards; ventilation is maximal in the upper lobes and the stemo-
costal angle may diminish and the diaphragm be pulled up m
inspiration. Expiration 1s by elastic recoll. The action of th
sternomastords is grossly interfered with if the neck is flexed or the
head left unsupported. Such patients cannot tolerate the prone

P without hani P y help
(b) The diaphragm is wosking alone; on inspiration the ab-
dominal are thrust d ds and forwards (the forward

thrust 1s explained by the more caudal attachment of the posteniot
part); the upper ribs tend to be sucked in (paradoxical rcspiﬂti?n)
and the larynx to be pulled downwards (tracheal tug). Expiration
s by active contraction of the abdominal muscles, if they 3¢
wortking, and — in the flat or head-down supine position — by the
weight of the abdominal contents tending to push up the diaphragm-
Ventilation may be impatred when the patient is turned on his
face — in which position the diaphragm needs to act against th:
weight of the trnk; and when he is sat up to more thaa 3040°,
in which posttion the weight of the abdominal contents no longer
pushes the diaphragm back. If the abdominal muscles are psfa-
Iysed the diaphragm comes to rest in the expiratory posion.

EQUIPMENT FOR POSTURAL DRAINAGE AND SUCTION
WITHOUT ARTIFICIAL VENTILATION

(1) T#ebed. A head-down ult to an angle of at Jeast 25° is rcqmtfg-
If nesther a special bed nor an elevator is available the fect (a0t to
s rv T U 1ol e and caem b ad ara salead oo chairs — O

a 25° slopes
. - so obtained
is not lost by supportmg the head and shoulders on pillows.

i be necessary §0
pelv:c. sling atm-chcii to th.c foot cx:g of :‘hc lzc-d_ ini;:; C e i
i
. -d
of the bed. A cardiac bed wath the patient’s head at the fﬁlc‘f
and his pelvis rassed op the “kaee” angle can also be us
though 1nelegant.



B 13 Posnl bed for () dansgernent of patent wath panlys of swollonms. ()
Drasnage of chest in patents wath 1nadequate

Note e removal of e of th bed 10 grvc ready Sc0es o the pament s face- oxygen ¢y inder
with suction astachme

The bed cam ah be e laterallyInthe absence of specal equipment acher 7 omple ling
of the bed on chairs ot on an elevator or the knee bend of 2 Fowler bed can



Fig 122 Postural dramage 1n a suspended bed, note sideways flting as well
(Reproduced by courtesy of the Insutute of Orthopaedics.)
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0

Special beds for postural dminage iderably reduce
G A A O e -

Pt

2nd the column of venous pressuse from fect to head is reduced,
{b) capsble of simultaneous lateral tilung (fig. 12). Another device
is the bed board sumulasly articulated at the level of the patient’s
hups, and then stung by six pulley systems from a double Balkan

an arrangement which enables a wide range of tipptag
anglestobeot d with hittle disturt to the patient(fig. 12a). It
18 amportant, in all these systems, that the sccurity of patieat,
mattress and bed be each and all ensured; a completely paralysed
patient will slide whete an unparalysed subject will remain stable
without conscious effort.

(i) Swtson apparatus. ‘There ate thtee main types of suction
appatatus: viz the tlectric pump, (seen n fig. 17), the gas venturi pump
{scenin fig, 12) and #be ater pump Al ate sureable. 1fa water pump
is used it is imp to prevent i of the drain by
introduction of 2n effictent teap for infected material 1n the system.
'The catheters used should be reasonably soft but at the same time
sufficiently rigid for the end to be controlled from a distance and
to prevent their collapse the moment any resistance 1s encountered.
They should have 6o side holes (which educe the effective suction)
and should be cut off square at the end with one or two nicks 1
the rim, 50 that they will not suck onto the mucosa. For bronchial
toilet through a tracheostome a catheter with 2 curved up (e.g.
Tenmang’s) which ensbles the vser to direet the end mto either
7ight or left bronchus may be prefesred. A glass connection should
always be inserted 1nto the suction system near the patient so that
the operator can casuly sce the material aspirated. The use of the
sucker should be as gentle and atraumatic as possible,

(u1) The throat mmscrophone (). This consists of (a) a mucrophone,
Which can be laid on the larynx of the patient, (b} an amplifier and
() a loud-speaker (). Tt 15 a useful but not an esscatial part of
quipment, It assists eatly detection of high airway obstructton.

the aieway 15 unobstructed quiet breathing 1s heard as fluid
2ccumalates 1n the pharynx or larynx loud chicking sounds oceur,
2ad the nearer the site of the accumulation lies towards the latynx
4nd the trachea, the more snorng and rhonchus-like become the
sounds, “The phone can be left on 1y, if the atrway
15 clear 1t will not annoy the ward, 1f secretions are accumulating 1t
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gives earlier warning than unaided clinical observation, It also
enables a nearly voiceless patieat, who cannot use 2 bell, to call2
nurse.
EQUIPMENT FOR ARTIFICIAL VENTILATION OF THE LUNGS
hanical aids to respiration in poliomyelitis act by pro-
ducing regular changes in the pressute inside or outside the luags
so that air — or other gases — move from the area of high pressure
to the area of lower pressure. The reverse movement is usually
obtained as a result of elastic recoil of the tissues when the force
causing the change in pressure is removed.

The various devices for artificial respiration in common uscate:

Type A. Devices in which negative pressure is applied round the
trunk, to cause inspiration and expiration is by elastic recodl orby 2
smaller degree of posittve pressure (tank and cuirass respirators).

Type B. Devices in which positive pressure is applied round the
trunk to cause expiration and inspiration is by clastic recoil (the
Bragg-Paul respirator).

TypeC. Dersces in which positive pressure ts applied to the auwwsy
via a face mask, hpiece ot tract tube, and expiration
15 by elastic recodl or by negative pressure (rcsuscjmom and
termittent positive pressure respirators for use with intratracheal
intubation).

Type D. Devices which use gravity to move the diaphragm (the
rocking bed).

Type E.  Devsees which stimulate the muscles themselves 10
perform the respiration (electronic muscles stimulators).

Tyee A. Devices,
(a) The cabinet type (sce figs. 13 and 14). This is the only s

£
factory respiator 1 the acute stage. In the modetn cabLﬂ:W
d of carlicr models have 20

p most of the di bine
largely been overcome, so that it 1s now pcs'sxblc to com :;:
dequ ventilation with adeq postural di even 1
presence of total paralysis. In a good cabinet respirator: .

s O

(i) Ventlation is adequate 1n the presence of total paralyst
respiration. .

(u) Placing the pattent 1n the resptrator is si
of no readjustment of the seal around the neck
each opening

mple, 2nd Lt
is necessary 4t
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(iz} The patient ean be easily tipped head-down to as muchas
25° for dranage of the air passages and for the prevention of
aspiation of material from the mouth and pharynx.

(1v) The head prece is adjustable so that broachoscopy can be
performed without moving the patient from the respirator.

(v) The patient can be turned on his face.

(vi) A (high) tracheotomy can be used if necessary. (A bent stup
of metal can be used to keep the collar away from the tube)

It should perhaps be mentioned that even the older respirators
which do not fulfill all these requirements have saved, 2nd continue
fo save, many lives and should not be regarded as useless in the
absence of the more modern features, although these have added
considersbly to the ease and comfore of management of thesc cases.
T remains true that an experenced and 1ngenious team using an
old-type respirator and supported by a skdled bronchoscopist to
assist 1n zemoval of major obstructions 1n the bronchial tree, c2n
often achieve as much as (o mote than) the more modern devices
in less experienced hands. If the angle of tilt provided 15 snsuffi-
cteat and prone tutning impossible effective drainage can be ob-
tauned by tilting the whole respirator on blocks, alternately Laterally
and head-down, using a pelvic sling to help steady the patient.

®) Cudrass respirators (see fig. 16). These give less efficient
ventlation than the tank sespiratos and are inadequate 1 the
presence of complete paralysss. This 1s largely because the forces
2 exerted o a much smaller area of trunk, and movement at the
bases tends to be restricted by the pressure of the scal on the chest
Sl Cutrass tespitators are useful (z) for transport (of the -
ompletely paratpsed patient) and (b) after the 2cute stage, when
dccess o the trunk is no longer essential for diagaosis and treat-
ment, when the pattent’s tenderness has substded, when steep
S:’““{ﬂ drainage or prone tumtng 15 no longer required, and when
€Ie s some spontaneous YCSPKEUO"
¢ best cuirass respirators are of the “chest-abdomen™ type.
These, ke the tank respirators, act on the diphragm as well as
% the 1ibs, and 5o are not only mote comfortable than the ex-
Slusiyely sichegy cutrass, but also, 1n terms of tidal volume, more
:Zﬂcmnz for any given negative pressute, the lung bases are bettet
w}:ﬂh!ed and less ikely to develop atelectasts (Cutrass respirators
N <hact maaly on the chest alone achueve theis ventilation mostly
¥ sucking the sternum forward; they move the diaphragm very
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little and in some cases the diaphragm has even been seen to move
paradoxically).

Tyee B. Devices

Pressure belts (the Bragg-Paul is the best known) (see fig, 17

These consist of an inflatable bag connected with an elestnc
motot pump. The bag is wrapped once round the patient and in-
flated so that it just does not hamper his spontaneous spiration.
The pump now increases the pressure in the bag for a few seconds
from 16 to 24 times a minute, 50 squeezing the chest wall. Io-
spiration is performed by the patent, assisted by the elastic 1¢-
expansion of the chest wall. The tidal volume produced is much
Iess than with the negative pressure type of appaatus and pressure
belts are inadequate for patients with severe respiratory pasalysis.
They are, however, of considerable use later when some spoa-
taneous respiration has returned, particularly in cases whose
disability consists — as is often the case — in a rigid chest wall with
good stemomastoids. They have the advantage that they do pot
interfere with the action of the muscles of inspiration aad the
patient has more control of his depth of respration thas when
breathing in a cuirsss. Further, they ate considersbly less bulky
than a cutrassy they can be left on when not in use and wora whie
the patient suts 1n a chair. An exact aletight fit 1s not {6‘]"“‘"'
adjustment is simple, and the belt is relatively inconspicnous.

Tyre C. Devices
Positiue pressure apparasus for inereasing pressure from within
respiratory fract. ¥
(a) Resuscitators fos use over short petiods —e.g. when the m;l
is opened for nursing or examination. These may be (2) of ¢ ‘
type famehar 1n operating theatres and clsewhere, for the ﬂdm{f‘_"‘
PR A R A

e

. <o , .
(b) Prolonged intermittent poutive or negative-positire pressure £6F
parators for snsapfl throngh an i beal jube.
There are two designs: i fow
() ‘The clased circust design 1o which the 1nspired gases
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Fig. 15. Intermuttent positive pressure respiration being grven by stratracheal nube 13
tracheostome.
Note- 1. East pum;
Thermasxzumﬂy controlled humidifier (w hich must be below. leve] of pavent)

¥ Hsnomeucr

4 Oxygen cy inder for emergency

5. Flecic sucnion apparatus. Bed 15 shightly lted to assst removal of secrenons

and prevent atelectases-
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from a cylinder into a reservoir bag attached to a sodalime canuster
for absorption of catbon dioxide; the intermuttent pressute s
applied to the bag, either manually or by some form of motor.
In this type the danger of progtessive accumulatton of nitrogen in
the system and the need to change the soda-lime canuster frequeatly
must not be forgotten

{u) The open type(see fig. 19) in which room ait 15 pumped toa
patient by bellows :and the expired i passes out through an
expiratory valve, or in which compressed gas is fed to the patient
and operates 2 valve changing over the circmt whenever the
zequired insg ¥ or exp ¥ P are reached.

‘These devices require the inclusion in the circwt of a bumidifer
() to replace the warming and humidification of spired ate
which normally takes place 1n the nose, pharynx, and upper trachea,
It is not sufficient simply to pass gases over or through water at
o0m temperature; for the gases to be humtdified the water must be
warmed to a temp at which adeq p takes
place the humidifier must thezefore be fitted with a thermostatic
device and the tube between humudifier and patient lagged to
teduce d Some i will, however, take
place 1 the tubing and it 15 1mportant that the humidifier stands
well below the patient’s level so that this condensation runs back
into the humudifier, and not on mto the pattent’s lungs. The
tubing leading to the manometer must have its own trap for water
condensation, This simularly must be below the patient’s head.

A gasoreter with which to obtamn regular readings of the munute
volume 15 also necessary when positive pressure respization 1s used
for long periods.

Tree D, Devices

The rocking bed. 'Thus 1s 2 motorised verston of Eve’s rocking
stretcher method of artificial res 1n which the diaphragm 15
moved by changing the direction of pull of the weight of the
abdomunal contents It consists of 2 bed which can be rocked
through an arc ranging from 5° to about 30-40°, while the patient
sistin the Fowler position It should preferably be capable of being
started with a rock of less than 5 degrees, which can be gradually
increased to the angle required, so as not to frighten the novice,
The ventlation obtatned 15 not very high, but has been found to be
useful 1n the convalescent stage for helping the patieat to syn-
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4 1

chrfmise diap and i ot d action. Some
patients prefer it to the cuirass respirator and can stay on it contt-
nuously.

Tyre E. Devices

Eleetronic stimulators for artificial ventilation should be mentioned
for the sake of completeness. Their application is, however, very
Dimted. Direct stumulation of the paralysed respiratory muscles by
faradism is unsatisfactory because 1n the early stages the stmulus of
faradism is intolerable and in the later stages the dencrvated muscles
no longer respond to faradism. For the same feason indirect
stimulation of the diaphragm via the phrenic nerve, though it can
produce adequate ventilation in the acute stage, ceases to.bc
effective when the necve fibres degencrate, There are also technial
difficulties in its use; particularly it 1s not easy to keep the electtode
10 position. There is one theoretrcal use for this type of stinulaton,
namely, to supptess the disordered thythm initiated by a defective
respiratory centse.



CHAPTER 9

THE DETECTION AND TREATMENT OF
RESPIRATORY COMPLICATIONS

As already ioned, an early ion that respil Y
deficiency, whether it be paralysis of the tespiratory muscles or
obstruction of the airway, 1s present, 1s of prime tmportance tn the
treatment of the resp y pl of poliomyel,
Haldane’s dictum “Anoxta not only stops the machine but wrecks
the machinery” should be foremost 1 the clinscian’s muind 2nd the
sequence of the Jungs gradually becoming more and more choked
with flnd, and so preventing the gaseous exchange which wounld
stop it, must not be allowed to develop, By the time dyspnoes,
cyanosss, and the use of the accessory muscles of resprration 1s
obvious, flwd has usually already begun to accumulate in the chest,
making treatment so much more difficult. It 1s 2s important to
detect that tespiratory deficiency exsts as to discover the cause of
the deficiency.

STAGE 1. DETECTION OF RESPIRATORY DEFICIENCY

Eatly general signs are an unsleeping apprehension, a clammy
skin and dulated pupils. A rise 1n the respiration rate or i the pulse
and blood pressure are strongly suggestive, and rates and pressure
should be checked hourly if there 15 the slightest suspicion of
xesPLn:'mry deﬁc‘\ency ‘Rcluctzr)c‘c to talk, staccato ‘spccc‘h, 1rsegular

retentton without gross anoxaemia and may be nustaken for a sign

of good oxygenation. Gross anoxaemua 1s, of course, associated
with cyanosis,

STAGE 2 DETECTION OF CAUSE OF RESPIRATORY DLFICIENCY

The signs mentioned so far are simply signs of respiratory
dcﬁmncy, they do not mndicate 1ts cause ‘The paternt’s failue to
take adequate breaths may be caused by paralysss of his respiratory
muscles, by the danger of aspiration of the unswallowed saliva
pooling 10 hus pharynx, or by obstruction of his atrway

[69]
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Is thers paralysis of the respiratory muscles?
The signs of respiratory pasalysis include

(2) Irregular or asymmetrical movement of the chest,
without gross undetlying physical signs.

(b) Use of the accessory tespiratory muscles, particularly the
sternomastoids.

(c) Absence of the pressure normally felt under the costal
edge as the dtaphragm descends.

(d) Paradoxical sespiration: i.e. the upper chest is drawn
inwards on inspiration when the intercostals are pasalysed and
the diaphragm 35 strong; similarly the lower chest is dﬂ"m
inwards and the sterno-costal angle narrowed on inspiration
if the diaphragm and lower i Is ate paralysed and the
upper intetcostals or sternomastoids ace strong. .

(&) A strong downward tug js felt at the larynx dutiog
inspiration showing that upward movement of the stemum 1§
not occurring and that the diaphragm is pullog the
mediastznum downwards unopposed.

Breathing tests are useful, The simplest test 15 to ask the pateat
to count as far as he can in one breath: repetition of this test cv<Tf
hour gives a useful early indication of falling vit:'nl capactty.
Inability to count beyond 12 mndicates severe impairment 2
requites urgent rreatment. Sumple vital capacity estimations Wllh?
gasometer or spirometer give mote exact readings. The o
vital capacity vaties of course between individuals; in most men *®
is over 4 litres, 10 most women over 3 hitres. Readings b:hj;
2 litres cause anxtety, particularly if they are falling steadily:
1000 ccs help 1s usually overdue. The findings must, of co\zfs:l-
be assessed together with other clinical data, but it s much ¥ i
to beheve a low vital capacity reading than to attnibute it 10 Pug
co-operation. The vital capacity can usefully be takes and chart
as a routne with the four houtly temperature.

Is swallowing smpaired?

Completz paralysis of swallowing is
Even a pattent with a mouthful of thicl
all night protecting his airway from aspiration,
manage to swallow small quantities of fluid, such as 2
teaspoonful of stenile water, without choking, although,

often only a late dcvclopmtﬂz
k saliva, who has been 2%

can sometim®
test half-
in fath
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secretions have been slowly tricking down the larynx fot some
time. €~ R Cetes “e [ SN

“yomn B . .
the shallow short breaths of a pauent who dare not take 2 deep
breath for fear of aspiration from Iis pharynx,

‘The defect 15 detected by means of a stethoscope placed over the
lagynx. The patient is asked to swallow half a teaspoonful of sterile
distilled water and the effictency of deglutition 1s checked by the
sound produced: pattents with normal pharyngeal muscles can
swallow this amount with one movement (one sound): patients
with 2 swallowing defect, though they may effectively swallow the
water, may require, say, three movements, {thrce sounds) or they
ner e P S T A S A

Tt should be noted that a case with an eatly or mild swallowing
defect may show no signs of interference with hus ventilation;
yet, unless postural drainage 15 instituted, he may in fact be 1n a
prectrious position, since only a slight increase in paralysts, ex-
haustion, or the admtnistration of a hypnotic may be suffictent

to reduce his voluntary control and lead to sudden aspiration of
fuid,

Is the asrway obstructed?

Obstruction of the airway is obvious only when there ts adequate
powet in the respiratory muscles; breathing 1s laboured and lond
thoncht or moist sounds can be heard — often they are more
readuly localised with the flat of the hand than with the stethoscope.
If the power of the resp y muscles 1s d hed, ot
will not be obvious and only careful clinteal exanunation of the
chest will elicat and localise the signs. Dimunished respiratory

n and d hed air entey by th Ives may well be
puzely paralytic 1n origin; but associated with impaired percusston
pote, meduastinal shuft or rassed diaphragm dullness, they suggest
atelectasss,

A radiograph (ob d witha portable machine) 1s valuable at
thus stage, both for diagnosss of the present condition and as a base
Lne for the future, and every effort should be made to have an carly
X-1ay picture as a coatrol,
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In assessing the vatious factors involved in any one case, their
inter-relationship must not be forgotten. Until the airway has been
cleared, it may be difficult to distinguish deficiency due to respira-
toty paralysis from deficiency due to “bulbar” panalysis. Ody
when the airway has been cleared and treatment by postural deai-
nage or artificial ventilation instituted is it possible to assess the
relative severities of the two paralyses; either or both may be
found to be considerably less severe than at first appeated. Add-
tional points to bear in mund are that (a) coma may cause a patient
with only moderate paralysis to breathe more meffectively than his
muscle paralysis alone warrants, and (b) just as a wet sponge is less
resilient than a dry one, sodden or atelectatic Jung is much more
diffienlt to move than a healthy lung. When the coma is light-
ened or the condition of the lungs improved, the power of the
respiratory muscles may be found to be much more nearly adequate;
and when votmting and excessive secretion are under control the
weakness of the pharyngeal muscles may be found to be less
dangerous than it appeared to be.

STAGE 3. THE TREATMENT OF RESPIRATORY DEFICIENCY .

Briefly, “bulbar” cases with pharyngeal and laryngeal gmlfﬂ,s,
are treated by postural dramage and suction (ﬂg: 12), SP"}‘I
cases with resp y paralysis by artificial respirat "m:mbm:;
resprrator (fig. 12 and 13), and both “bulbo-spinal” cases “g

P y cases with superrmposed pul y complications b
both methods combined, i.e. by a sharply tilted cabinet respiratof
and suction (fg. 13). The mdications for tracheotomy w1th84°f
without positive pressure resptraton are discussed below (p. 8%

TREATMENT OF A “BULBAR” CASE WITH OR WITHOUT PULMONART
PATHOLOGY. POSTURAL DRAINAGE AND SUCTION

Posture. The patient 1s placed 1n the semi-prone or pront b{aa’-doﬂ;
positton wrth bis head turned 2o one side. The change in pgstuxc o
the supine p should be preceded by very th F “’;"th:
of any matertal which may be lying pooled in the back omu’
pharynx (fig. 10). In this posstion, saliva or the more dange
acid vomtt, cannot be aspirated far into the sespiratory tract, an i
aspirated a short way will run out again; at the same ume Pu,_
monary sectetions, resulting either from the hypercapfic F
monary congestion ot from previ spiration of foreign mateis
will also run out into the mouth.
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Swuenon must be applied effectively (see p. 63) repeatedly and
conscientously to remove flud from the pharynx and cheek,
where it will still tend to pool

The pattent 1s kept under constant observation and testlessness

et -

n dmmioallad L eand —an o i an I L s en et T
crettons, and the motphine group and pethidine because of the
of and coughing and because of the nisk of

P P

vomutag,

Fluid Replacement and Feeding. An smportant problem at this
stage 15 the loss of flurd. Nothing can be given by mouth and
the loss by drainage or suction of 1-2 Litres of fluid every 24 hours
will eause severe disturbance of fluid and salt balance. An accurate
fluid chart of both 1ntake and output must be kept from the
start 50 that flurd admunystration can be modsfied to the patient’s
needs. Feeding by stomach tube is not recommended 1n the early
stages, since too often the mube preapitates vomiting, but rectal
feeding 15 favoured by the prone head-down posture and a rectal
drp can often be used for 34 days. Two bottles of 5 % glucose
to one bottle half strength saline 1s a suttable replacement regime,
the rate beng modified 1 accordance with the flud chare. Trutial
re-hydration should not be too rapid, since 1t can cause excesstve
outpouning of secretions, often sticky at first, which 1t 15 difficult
to deal with by sucker alone, generally speaking the bras must be
towards under- rather than ovethydration of the patent, and
oedema of the lungs must be avorded at all costs.

In the majonty of patients some recovery of the pharyngeal
muscles will have begun to occur by the end of 34 days. If the
danger of aspizatton 1s thought to be sufficiently reduced, feeding
by stomach tube can be cautiously introduced, provided all pre-
cauttons are taken and the patient’s rezction is closely observed.
The stomach 1s aspirated before each feed, the restduum is measared
and the volume of the next feed correspondingly reduced A high
Pprotein diet 15 gradually introduced. Ir1s le in many cases
how suddenly such patients recover. Postural treatment is not
completely abandoned, however, until it is felt to be absolutely
safetodo so At first the patient1s satup only £ periods, 4i
never alone, and only with cvery faclity  ° !
tipping, should a choking fit start, It is oaly to tide  °

-
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In assessing the various factors involved in any one case, theic
inter-telationship must not be forgotten. Until the airway has been
eleared, it may be difficult to distinguish deficiency due to respira-
tory paralysis from deficiency due to “bulbar” paralysis. Ouly
when the airway has been cleared and treatment by postural drat-
nage or artificial ventilation instituted is it posstble to assess the
relative severittes of the two paralyses; either or both may be
found to be considerably less severe than at first appeared. Addi-
tional points to bear in mind are that (a) coma may cause a patient
with only moderate paralysis to breathe more ineffectively than hus
muscle paralysis alone warrants, and (b) just as 2 wet sponge is less
resilient than a dry one, sodden or atelectatic lung is much mote
difficult to move than a healthy lung. When the coma is light-
ened or the condition of the lungs 1mproved, the power of the
tespiratory muscles may be found to be much more nearly adequate;
and when vomiting and excesstve secretion are under control the
weakness of the pharyngeal muscles may be found to be less
dangerous than it appeared to be.

STAGE 3. THE TREATMENT OF RESPIRATORY DEFICIENCY
Briefly, “bulbar” cases with pharyngeal 2nd latyngeal garglysl:
are treated by postural drainage and suction (fig. 12), SP“?‘I
cases with respiratory paralysis by artificial respiration ina mbmt;
srespteator (fig. 12 and 13), and both “bulbo—spmzl’v cases an
respuratory cases with superimposed pul y comp ns by
both methods combined, 1.e. by a sharply tilted cabinet respirator
and suction (fig. 13). The indications for‘ tracheotomy with 8:1
without positve p i are di d below (p. 84)

TREATMENT OF A “BULBAR’ CASE WITH OR WITHOUT PULMONARY
PATHOLOGY. POSTURAL DRAINAGE AND SUCTION

Posture. ‘The pattent is placed tn the sers-prone or pront bmi}inﬂ;
positton zith bis head turned to one side. ‘The change in posture ;‘70 .
the supine positton should be preceded by very t‘horough ﬂiP“? e
of any material which may be Iying pooled in the bacl omns
pharynx (fig. 10). In this posttion, saltva or the more dmg:ndzf
acid vont, cannot be asprrated far 1ato t.hc respiratory u‘a'ﬂ,c ol
aspirated a short way will run out again; at the same tm P“l_
monaty sectetions, resultng either from the hYPC{“Pmicf
monary congestion or from previ p of foreign maf
will also run out into the mouth.
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Swuctron must be applied effectuvely (sce p. 63) repeatedly and
conscienttously to remove fluid from the pharynx and cheek,
where 1t will still tend to pool.

The pattent 1s kept under constant obsetvation and restlessness
is controlled by medication to avoid his reversing his “therapeutic”
posttion, Phenobarbitone is one of the best sedatives at thus stage,
since 1t does not depress the cough reflex or the respiratory centre.
Bromudes are to be avoided because of their sumulation of se-
cretions, and the morphine group and pethidine because of the

4 1

of resp an g and because of the rsk of

vomuting

Flad Replacement and Feeding.  An important problem at thus
stage 15 the loss of fluid, Nothing can be givea by mouth and
the loss by dramage or suction of 1-2 Ltres of fluid every 24 hours
will cause severe disturbance of flutd and salt balance. An accurate
flud chart of both intake and output must be kept from the
start so that flud admunstration can be modified to the patient’s
needs. Feeding by stomach tube 1s not recommended in the early
stages, since too often the tabe preupitates vomitng, but rectal
feeding is favoured by the prone head-down posture and a rectal
dtip can often be used for 34 days. Two bottles of 5 %, glucose
1o one bottle half strength saline 1s a surtable replacement regime,
the rate bemng modified tn accordance with the flud chart. Inttial
te-hydration should not be too rapid, since 1t can cause excessive
outpouring of secretions, often sticky at first, which 1t 15 difficult
to deal with by sucker alone; generally speaking the bras must be
towards under- rather than overhydration of the patient, and
oedema of the lungs must be avorded at all costs

In the majonty of patients some recovery of the pharyngeal
muscles will have begun to occur by the end of 3-4 days If the
danger of aspiration 15 thought to be suffictently reduced, feeding
by stomach tube can be cauttously introduced, provided all pre-
cautions are taken and the patient’s reaction 1s closely observed.
‘The stomach 1s aspirated before each feed, the restduum 1s measured
and the volume of the next feed correspondingly reduced A high
protein diet 1s gradually introduced. It 15 remarkable 10 many cases
how suddenly such pattents recover. Postural treatment 1s not
completely abandoned, however, until st 1s felt to be absolutely
safe to do so. At first the patient 1s sat up only for shost peniods,
never alone, and only with every factlity ready for immediate
tipping, should a choking fit start. It 1s only too easy to t:de a
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patient over the most difficult stage of his disease and then lose him
later through overhasty abandonment of precautions. When
feeding is begun it must be remembered that the optimum position
is not the prone position whete the laryngeal opening lies below the
oesophageal, but sitting at about 70° so that gravity helps the bolus
to pass posteriotly and downwards,

Patients in whom the rectal drip has to be abandoned before oral
or tube feeding can be instituted must be *“fed” intravenously.
The same fluids are used as ded for rectal admini
and, in addition, plasma should be given to compensate for the
considerable fall in serum albumen which occurs in severe coses.
A ‘“gastric replacement” diet with full biochemical control is
needed 1f the conditton persists

Intubation of the trachea. When aspiration of saliva or vomit has
already occutred more active initial treatment may be required to
deal with the tesulting pulmonary pathology. Passage of an oral
endotracheal tube may be necessary to allow effective suction to be
applied lower down in the respiratory tract; it can be very usefulin
tremoving obsteuction pot dislodged by simple postural drainage;
it may need to be repeated. Sometimes one such brondn:ml toilet
will succesfully and finally improve the patient’s oxygenation. Kit
is necessaty to transport the patient at this stage a tube with 28
inflatable cuff to block the larynx and prevent any matenial passing
down the trachea can be used, since it 1s duting transport that
aspiration is partscularly likely to occur. It is not usually s&-
commended to leave such a tube i sttu for more than 24 hours fof
fear of ulceration though longer periods may occasionally E‘
permitted, provided, of course, that the cuff is deflated at zegul :
intervals, It 15 important to realise that so long as the mpc.mmmd
in situ, the nosmal exodus for secretions from the lung is impedet
by 1ts presence (it lacks etla, 15 of narrower bore than the t;a:h:ﬁ;
and 1s more eastly blocked), and suction is an essential supplemen
to 1ts use, .

Bronckial Torlet wader Direct Vision, Finally, in hospital, aspiratiof
under direct vision with a broachoscope may be necessaty S0t aa

irutial cleating of majos obstructions, eg. plugging of ’h”:"d"
L hus with if ! of one or more lobes. It oh S
h . be emph { that bronchoscopy in 2cute poliomye g:

maust, unless the pattent 1s already unconscious with m&xt:;;l“-e i
cartied out under s short but effictent general anaesthe s
intravenous barbitusate, The mucous membrane 1n these
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grossly oedematous and local anaesthesia is quite ineffective, with
the result that the pastly paralysed patient’s struggles may make
effective L hial toilet quite impossible, while the letely
panalysed patient, who is unable to restst, suffers such pain and
terror that adults have been known to exact from those in charge a
ptonuse that the performance shall never be repeated. Readers
should perhaps again be renunded of the curare-like effect of acute
poltomyelints 1n which the patent can feel everything but resist
nothing, and somettmes cannot even speak,

TREATMENT OF A PATIENT WITH PARALYSIS OF THE RESPIRATORY
MUSCLES,

As already d, assisted resp should be i d

before respiratory defect 1s obvious and anoxemra and hypercapnia
have brought about therr own pulmonary changes.

Control of Artifiral Respiration

The amm of artifictal resparation 10 poliomyelitss 1s to give the
patient ~— often over long periods — a ventilaton steular to that
which he would give himself in order to mantain full oxygenatton,
adequate carbon dioxide climunation and 2 normal blood pH.

In the presence of complete or severe respiratory paralysss this
am can only be actueved erther by negative pressuse respiration
with 2 cabtnet respirator or by posttive pressure (e g by a hand
bellows or by pp to mouth or heal
tube, Since posttive pressure by mouth or oral wntubation cannot
be d ind and & track 18 to be avouded if
possible {see p. 82), a negauve pressure cabinet tespirator, and

d ding of its use, Is 10 thy of resp
poliomyelitss 1n the acute stage when resptratory paralysts 1, ot
may become, severe.

a cabinet dequate ventil 15 usually d
for a normal adult — at rest, afebrile, with 2 normal metabokic rate,
normal lungs and no obstruction to his airway — by a pressure
change of — 15 em H,0O at a 1ate of 15 fesprrations per minute,
Approxxmatcly the same pressure change, 15 switable for patients
of all sizes (excluding the newborn) because the actual force
exerted depends on the pressute and the area over which 1t 15
applied  Pressure changes of less than 10 cm. have lirtle effect,
While the nced for higher changes is strongly suggestive cither of
obstruction to the arway (pathalogical, or legiumate, as when
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there is an endotracheal tube*) or of pulmonary pathology
(atelectasis, pneumonia or oedems),

A pressure change of 15 cos, H,O will give a ttdal air of about
500-600 ccs. in a man, and 400-500 ccs. in a woman, and the
corresponding minute volumes (tidal air x rate of respirations per
minute} will be, at 15 respirations per minute, 6-8 and 5-7 htres
tespectively. A child of five years receiving the same pressure at
the more natural rate for his age of 20 respirations per minute will
have a tidal air of about 200 ccs., or 4 hitres per minute. If there 1s
severe respiratory and locomotor paralysts with marked wastng,
the requirements may later fall far below these figures, and even
adults may eventually be adequately ventilated for considerable
periods with, for ezample, tidal airs of only 200-300 ¢cs,, 2 fact
which obviously plays some part 1n the subsequent weaning of
cases to less cumb piratory apg and to independ:
tespiration. 3

The main pressute change given in a cabinet respirator is 2
negative one. Many of the older type respirators can, 1n fact, give
only a negative pressure change, but more recently posiive
pressure control valves have also been fitted, and a smaller positte
component can be introduced if required, e.g. to counteract the
tendency of the chest to be drawn into increasing expansion aqd to
assist the dnift of the secretions towards the pharynx, Any’ POSSQ‘V’
pressure must, of cousse, be Ip d by a cor
reduction of the negative pressure to give the same to'tzl
change, e.g. 0to —15 or +5 to —10. Posttive pressuzeis, }:o
not always well tok d; it tends to be resented, p
meal, when the bladder 1s full, and when the patient js head-down.

Whule the required pressure change tends to be farly consﬂn?
the rate should be adjusted with some regard to the expected rate ;:
spoataneous resptration. (The patient’s rate before tmnsfcf ot :
respirator is of course no guide). Spontaneous resptration 13 fastet
in young children than in adults, 1 fever (since the rcspm:i’g

hange 1s d) and 1n pul ¥ i (=
reduce the area of lung p h jlable for respi

hange). In these conditions, therefore, the rate of the respirator
will often need to be increased, (to be slowed again 2s thfic:}:;
plications subside). It should however, be rememberc

. wsed with 2 right-angled connection &A1
e s R preni g 5 e B0 . of ot s e s ¢
cabmet will have to be adjusted accordingly

p
prcssurc
wever,

after2
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doubling the rate will not, double the respiratory exchange; each
breath contains a proportion of dead space air and an ncrease in the
pumber of respirations per minute increases the amount of dead
space air in 2 given minute volume; 1 additton, at the faster rates
the pressures act for a shorter period, with the result that the tudal

agawnst the use of heroic pressutes or rates since these are un-
physiological and may rupture alveolar walls,

Tests for adeguate ventilation

The of artificial would be greatly sim:

plfied were there rapid and fool-proof tests for the oxyg: of
the patient and for the cartbon diox:de reserve. Unfortunately such
tests are not readily available and 1n practice clinical judgment
tematns our maw guide, with biochemical estimations as a sub-
sidary aid,

Underventilation causes hypoxia, carbon dioxide fetentton, tes-
piratory acidosss, a mise n systemic and pulmonary arterial pres-
sures, pulmonary transudation and atelectases. Clinically it appears
as 2 nsing pulse rate, a raised blood pressure, anxtety and sweattng;
the patrens feels he 1s “not getring enough?” secretions icrease and
the respiratory excursion decreases 1n relation to the underlying
pulmonary pathology, which may be either cause ot effect of the
under-ventilation. Supplementary oxygen gives temporary relief
but 1t does not corzect the carbon droxide retention. And the need
for supplementary oxygen 15 itself an tndication of underventilation.

Over-ventifation leads to excess loss of catbon dioxide and respie-
atoty alkalosis, and tetany may occur. Clinseally 1t 15 not always
casy to dugnose and it may even be difficult to distinguish
moderate degrees of overvenul from under partic-
::szly as the overventlated patient may still complamn thathe 1s

Tot getting enough”. Useful indications are- an adequate tidal
air, absence of pulmonary pathology anda low serum bicarbonate.
e most useful subsidiary tests for ventilation are

1 Esumatton of the catbon dioxide combining power of the
blood, “Thss 15 the most generally useful test, since 1t can be done on
the venous blood and can be repeated after 2 few hours to show the
effect of any changes.

F




78 HANDBOOK ON POLIOMYELITIS

2. Esumation of the pH of the blood (arterial or capillary)
requires special procedure for collection of the specimen and is of
limited clinical application. Repeated arterial puncture is usually
undesitable.

3. Photoelectric estimation of the oxygen content of the blood
ia the ear by an oximeter. In experienced hands this method is
useful but for the d it can be musleadi

4. Estimation of the pH of the urine — this is only useful as a
very rough guide to over- or underventilation over long pertods;
the urine will of course probably have been secreted over 3-4 houts
and duting that time considerable variation may have taken place in
the biachemistty of the blood. The decomposition of usea to
ammosua must also be remembered.

oeectee aabilicad 4o

i
the source of the trouble so that prompt action can be taken to
clear the chest by physiotherapy and posture, and if mecessary
bronchoscopy, using positive pressure respiration by face mask
and if necessaty supplementary oxygen to tide over the crsis.

The mayority of patients dependent upon respiratoty aid oves
long penods will be found to be technieally ovcrvt{nulated as
judged by their serum bicatbonate which often varies aroun
17-18 meq. (44-45 vols. %). Attempts to naise this level by de-
creasing the pressure ot rate usually leaves the pauent subject to
bouts of defi ventik related p bly to p
increased oxygen requirement which cannot be foreseen. As the
pattent’s sp respiration  graduall retums the serum
bicarbonate level gradually mises, but it may remain for moy
months at the lower end of the normal scale.

transfersed to the sespirito?

Transfer to ¢ Resprrator. (Fig, 19) Before the panent is e ll b s i aad

every preparation 13 made in advance to ensure that his trans! Fyi
efficient a3 possible  The aursing team should alzeady hive been prained o dumy.

The motor of the machimne 13 stirted and the ratc 15 adjusted 1 Id"_‘ﬂ: ‘l‘:n'fp‘
expected requisements of the patient The valves should be fully opened: The ey
are turned on to ensure the cabinet 20d mattress beug warm, and the roo; b:x e
other sdaptable sccessories are adjusted to the size of the panient. A seck s
enough 1o go over the prece of lint which 15 wrapped smoothly roun the p;muy’
neck 1n advance (gamgee tissue usually breaks up into lumps) 15 chosc: i
suffiient belp 15 collected for moving # eompletely belpless pavieat to ! ;mw
disturbance 18 acutely painful, st least four people are required to move & PR T
sdnlt 1€ the cabinet has any form of split front the patient is transferred srasg
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ta the correct position with his neck sesting on the lowes half of the front If the front
1s not sple he must be moved in two stages — first he 18 transferred to the cabiner's
stretchee aad then the nurse looking afief hus head moves found to pass ber hands
through the hole to take the head again and deliver 1t through the hole, as the patieat
18 bfted up the stretcher

Every care 13 tahen to adyust the neck seal to exclude draughes and avoud friction
round che neck, since this 13 the place whete pressure leaks ase most Likely to occur
and the patient ts bikely to suffer most discomfort At the same ime others adjust
the Limbs to the optimum posture for the avosdnce of deformuty and pressurcsotes,
and blagkets are tuked 1n securely The oldee types of machine have no batfles over
the control valves and the bedclothes should be adusted with this 1 mind

Fig 19 Pattent teady to be transferred to respirator  Fonr people ure needed ta bft
40 sdult patient i the acure stge  The sensor looks afiee the head and directs

Dunng transfer to the lung, and subsequently for nursing, it |
may be necessary to give the pattent assisted respiration by mask
from a resuscitator. In some machues this can be done from a
special attachment worked by the same motor —1f not 1t is advisable
to leave the motor ruaning so that the same rate 1s used (Theretsa
naturg] tendency to increase the fate of artifical tespiration given
manually)

Once the patient 15 1n the respiraror and the rate and pressute of
ventlation have been satisfactortly adjusted to the patient’s needs,
the problem 15 largely one of nutsing, and the same as has been
described in Chap. 7, except that particular attention must be
pad 10 p g hyp and 1 of i
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in the lungs. The atm ports which seal round the nurse’s am
ase useful for minor nursing adjustments, for taking the pulse, ete;
ala Laan hnlae alace sl cdnaans B P [ (TR

in the cabinet is near zero; the nurse should therefore tusn the
face of the pressure gauge to face her, whichever side of the eabinet
she is working. For procedures which cannot be carried out with
the respirator closed, positive pressure by face mask or mouthpiece,
with or without supplementary oxygen, 1s used if the patient canno
tolerate even short periods without assistance; or the patient may
prefer manual compression of the chest. (Fig. 15). The temptation
to “scamp” treatment of skin, mouth, and limbs, must be resisted
since it can only lead to greater difficulties later, but the best use
should be made of each disturbance of the patient 5o that he has
intervals for sleep and rest, This is particularly important in child-
ren, who are usually acutely apprehensive of disturbance and also
suffer severely from loss of sleep. Adults, on the other hand, often
hate to be left alone and benefit from constant mtnor adjustments.
Throughout, particular attention must be paid to preventng hypo-
stasis of the lungs. Regular changes of posture, € g. alternatiog
semi-lateral posttion and changes of the tilt of the respirator, coupled
with ntelligent use of a stethoscope to detect early smalf areas of
atelectasts and so direct the appropriate postural drainage, will
ususlly suffice to mamtam 2 healthy condition of the lungs

For the first two or three days in a respirator p:ticnt: often gfrd
LSRRI 2 e L 13 pmnnh tn nnders

position 15 not easy at the best of times, and the remorseless sayLul

of the respurator often makes patients choke. (Choking in thest
o it amid, Tosis of swallowiag:)

+ narmport

. . . - to dnnk.
Usually after this tune the technique of swallowing has bccl:
acquired but the greatest caze on thts matter is csse’r{uzl to pr:;&;t
aspiration of food, drink, and vomit. Ifa “choke” is :uspcc;l -
any time the cabinet should be tited straightaway into the ";‘h:
down position and an armport opened m‘omenmﬂl.}', sm'ccnon
patient cannot clear his own airway by coughing, or fesist asplea
further mto the respiratory tract by the respisator.
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Early signs of swallowing defect must of course be watched for
throughout the period of spread of the paralyss, since such a defect
will convert the simple respiratory (or sprnaal) case 1nto 2 “bulbo-
spinal” case,

3. TREATMENT OF A PATIENT WITH COMBINED RESPIRATORY AND
PHARYNGEAL PARALYSIS — A “BULBO-SPINAL” CASE.

These are usually patients with considerable locomotor paralysis
as well. They are treated by a combination of the two methods
described above, namely assisted veattlation and postural drainage,
Constant watch must be kept on the condition of the lungs. The
prone or semi-prone head-down position 1s the most effictent
posture for dratnage.

This position may howevet be impossible 1n a cabinet respirator
because of soreness of 1ibs, sternum or shoulders, venous con-
gestion or stmply too short 2 neck, or because of the design of the
fespirator, and 1t 1s usually necessary to use the steep head-down
supine posttion somettmes with the whole respreator ulted on
blocks to ncrease the slope The weight of the patient on Ius
neck and shoulders presents a considerable nursing problem which
can be partly solved by taking some of the weight off the shoulders
by a band round the pelvis.

These cases present a defimte nursing challenge, which 1f
successfully met will allow the patient to be tided over the relatively
short peniod of severe swallowing defect and enter the chromc
stage without the serious handicap of a tracheotomy or the develop-
ment of changes 1 the lungs, Annbotics should be given, pre-
ferably prophylactically, or at the very first suggestion of pul-
monary infectron  Small areas of atelectasts are treated by postural
drainage, compression and percussion of the chest and assisted
coughing  Bronchial dilators of the not-adrenaline group (e.g.

line) ot antsk (e g. pt ) which have also a
bronchodilator action can be useful, but care should be taken that
postural drainage 13 correct and suction effective before they are
admuaistered, since they may have 2 surprisingly rapid cleanng
effect. A four-houtly admunustration of trypsia by acrosol can also
be useful given half an hour before physiotherapy. Lasrger areas
of atel may ! by & hy even
tepeated two to three times.

P

Ocasionally, however, cases occur in which secretions are so
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excessive that they cannot be controlled by posture and perosal
suction, In these tracheotomy will have to be performed as 2
Isfe-saving measure to enzble adequate bronchial toilet to be effected
a'x;d to shut the airway to vomit and saliva coming down from
above.

Tracheotomy

The advantages of a tracheotomy are:

1. Repeated toilet of the bronchial tree is possible by suction
through the tracheostome,

2. The cuff of the tube prevents aspiration of saliva and vomit
in cases with paralysis of swallowing: it therefore obviates the
need for steep postural drinage in a tank respirator.

The ditadvantages are:

1. The patient is deprived of his voice: this can be a cruel
imposition on 2 pauent already rendered helpless by the discase
and entirely dependent on talking for active contact with his
environment, ,

2. The cxacung demands of the patient for skilled medical 20d
nutsing attention ate, 1f anything, increased rather than decreased
by the preseace of a tracheostome. It will be noted that the normazl
drift of the patient’s secretions towards the throat is {qtemptcd 1{}'
the presence of the tube and the eatire tesponsibility for theis
removal now rests an the patient’s attendants. Consequently the
problem of seeretions and danger of the development of pl;]nrzoua{y
infection and particularly of atel is prolonged
—~— in practice until some tume after the tube js removed.

3 Contrary to expectation, respiratory crises continue to occur
and afrer trach 1s pexformed repeated b Py ‘“;';Y
still be necessary, particularly if those in charge have not akln iy
constderable expertence of the method. Some pulmonary pathology

is almost ble with 2 t -

4 The by-passing of the mucous membrane of the upper rcSI’“’d
tofy tract allows the air to reach the trachea dangerously dry 3
cold, and some method of humudification is necessary. .

5. P of severe tespiratory paralysis can make doli\“
of the tracheostome difficult or even impossible and so prolosg
~— sometumes for Lfe — the paticat’s period of dependencs

upon skilled artention.
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tracheostome artificial respiration can be given in a cabinet tes-
pirator with the neck seal pressed mnwatds by a flat piece of metal,
or by an intermittent posttive or negative-positive pressure pump,

The principles of positive p sprration itself differ lutle
from those of negative pressure respiration, i.e. the rate and range
of pressures aimed at are similaz, though the pressure change is now
manly positive and slightly less, e.g. + 12'0r 13 mm. H,0. The
ventilation can be estimated by temporary inclusion of  spiro-
meter in the circuit. The apparatus should allow the tidal ais to
be varied as well as the rate and pressute. A sudden drop in the mi-
nute volume (in other words, the need for an increase in pressure
to maintatn it) suggests the development of secretions of atelectasts
(if defect of the apparatus is excluded) When these have beea
overcome the ventilation should be teassessed. Too raptd 2 loss of
CO, by hyperventilation can convert hypertension to hypotension
and a dangerous state of shock may ensue very rapidly.

The need for removal of secretions by suction, postural drainage
and constant shifting of the patent is, with intermittent positive
pressute respiration almost continous. Routine changes of posture
combined with phystotherapy to the chest wall (squeeang the
chest, assisted coughing, vibration and tipping) to dislodge
. PARRI T e - :

o sLa morrta ctrom o and

minmum which will mamntain a healthy state of the lungs. But
always a close watch must be kept on the chest, and small aress
of atclectasis (often detected earher with the stethoscope than with
the radiograph) cleared as soon as they develop.

For weaning from respiratory aid sce Chapter 14.
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PREGNANCY IN POLIOMYELITIS
They 1 ptibility of the p and lactaung woman
to the poliomyelitts virus means that pregnancy and lactation are
rather frequent complications (5t #19),

In the acute stage the nisk to the foetus appears to be stmular to
that 1n other acute fevers: abortion and premature labour may
occur and there is danger of foetal abnormality if infection occurs
before the placental barrier 1s established, If the foctus survives the
acute stage and there 1s no mnvolvement of the respiratory muscles
the pregnancy can usually be allowed to take its normal course.
If there 15 respiratory involvement the decssion to allow the
Pregnancy to continue s influenced by the severity of the res-

PrERCARURRRI

nimmene [N

o . 1 - R .

wesion. A muider aegree or respiratory paralyses later i preg-
nancy tndicates a considerable chance of obtaning a normal Lve
baby and the ventil: q and } 1
nterference with the movement of the diaphragm will usually be
matched, though not necessanly outpaced, by the improvement tn
the respiratory muscles. If, however, the patient begins to show
severe respiratory distress labour should be induced before her
condition detertorates further

The utertne muscle 15 not usually affected, provided oxygenation
15 adequate, and vaginal delivery 1s usually possible 1 both the
acute and later stages, if there ate no other contra-tndications.
Prolonged labour 15 of course undesizable, and a small baby 1s an
advantage, There 15 usually marked imptovement 10 fespieatory
function after delivery.

Protection of the pregnant and lactating woman against in-
fection with the pol vitus, and p of the baby
both deserve careful consideration, A pregnant and lactating
woman who 1s a known contact should be given passive 1m-
monisation with gamma globulmn, while pregnant women 1n
general should be regarded as 2 prionty group for active tm-
funisation wherever vacane 1s available.,

Slmllady, the need for protection of the baby must be constdered.

851
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If it is delivered too early to acquite antibody from its mother it

q I fon against virus itted from the mother — 1n
utero or dunng delivery — and from the mother’s contacts, who
may be expected to be infected. Cases of both imtra-utetine and
neonatal infection have been reported and passive protection with
gamrna globulin should be given whete the time relation suggests
tisk to the baby.

There have been several tragic outbreaks of acute poliomyeluis
in maternity homes, and obstetticians and midwives should be
aware of the imp of taking p fons when in contact
with poliomyelitis cases — and their contacts — in order to avoid
transmitting the vitus to the own particulatly susceptible clientele.




cHAPTER 11

THE TRANSITIONAL STAGE

The acute stage is constdered to last from two to three weeks
Dunng it we have had to deal with a more or less all patient suffering.
from a febrile virus infection which attacks particularly the central
netvous system and ts assoctated not only with locomotor paralysts
but also with paralysss of certamn important functions, swallowing,
fespiration, muctuntion, and bowel function, with the resulung

- tomnas

[N DD CIE JUUE R T A OU S DU

restared o normal health, There 1s still nflammatton of the central

fiervous system — d elimeally by p g i

lethargy and/or srritability, and “uredness™ and pathologically by

P of hised 1nfl changes 1n the cents
— r.L

Merrane greta— 2= peamne b Lo

- cacalon

develop and change will all be 1n the direction of r‘:cov:ry
Thus transitronal stage varies from one to eight weeks following
the three weeks of the acute stage Its actual duration 1n any one
case appears to depend less on the seventy of the paralysss than on
o T e

the Severity Af sha anmanhaliie and mmaminn ~ ntrant
@ sludi group ot muscles, will usually have a short transitional
Ppettod and may tecover hus feeling of well-being within three to
four weeks of the onset, regardless of the recovery or persistence
of the paralysss In contrast, the pattent who has had 2 severe
eningism and evidence of widespread distribution of the vitus
shows 2 more prolonged transitional pertod, whether or not there
15 much residual paralysis; the subsides only graduall
lznd the patient by no means feels it for hus normal actvities — still
=55 for strugpling with newly acquired disabslies — for esght to
;\\':Iv: weeks. Cases with reduced venulation are of course still
908¢r 10 recovening their sense of well-being.

8711
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It is important to recognise the existence of this transitional
period because of its beating on management, There has been a
teadency 1 recent years to try to husry the patient over this period;
10 start vigorous exercises eatly, to urge him to sit and stand up,
and even to send him home at a stage when all his own instincts
are to rest, It is therefore necessary to stress that the diseaseis one
of the whole central nervous system and not stmply 2 lower motor
neuron paralysis. Even the patient who has suffered only the noa-
paralytic form of the disease requires, like other patients recovering
from other forms of encephalitis or meningius, a period of con-
valescence before returning to full activity. Still more respect
should be paid to the need for rest in the patient with associated
lower motor neuron involvement, since for him even apparently
mtnor activities can demand quite exhausting effort and concen-
tration.

It s, in fact, not only pointless but on oceasions cmel and danger~
ous, to expect and urge a patient to petform exercises and even
(as is too frequently the case) to start walking so I?Hg as meningism
persists — pointless, because normal posture is impossible 1 the
presence of menngitic spasm, whether there is ‘accompm'ymu%
paralysis or niot; cruel, not only because it is exhausting and painft
at this stage, but also because the patient gets the impression that
he 1s more severely disabled than he 1s; if the same atrermpt i
made a few wecks Jater the disability of the menmgism will hzvdﬂ
vanished, normal postural reflexes will no longer be inhibited an
time will have been allowed for a good deal of true recovery @
take place (see p. 90). If onc’s quadriceps 15 gomg 10 1eCovEr
within a few weeks there 1s aftet all httle purpose 1 trying to lea
to walk without it. ks

The most important reason against strenuous treatment at c,;u:
stage, however, is that it is dangetous to the af.f:cteé nerve ;
There is considerable clinical evidence that *“fatigue” in the “”Z
stages, while the nerve cells are still disordered following “‘V‘S“:’sa
by the virus, not only delays their recovery but may also '3:‘_ .

g power to disappear ~ a pt once seea 0
fosgotten] {* 83),
The

ded for the 1 stage is there;

foretwofold: (a)improvement of the patient’s gcn'crﬂ f(:;ﬁ:":’; i:z

(O] careful of all hus paraly
lines described for the acute stage, but 20w allqwmgka {Wz’;
inercase 1o actvaty, the main burden of effort stili being taxen. Y
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only two or three mote concentrated periods of treatment 10 which
cmeed Red srimg ghn fram o

the masemns’s ofyets ave prpad sl o

"t - .
depressing — disabilities.
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guide on prognosis can be obtained by considering the severity of
the paralysis of other muscles of similar cord innervation: sever
pasalysis of other muscles of related innervation suggests that
much of the damage done by the virus will be permanent. The
sate of recovery of muscle power is most rapid during the first six
months and falls off gradually over the following six months so
that under favourable conditions most recovery of muscle powsr, 38
tested by muscle charting, will near completton by the end of the
first year (). Conditions are, however, by no means alwijs
favourable and examples of exceptions to this rule are pumesous.
Unfavourable conditions which may postpone recovery tnclude:

(i) widespread scvere paralysis which postpones the time when
the 1ndividual muscle under consideration can work under optims!
conditions and receive the attention it requires; .

(ii) stiffness, pasticularly contractute of the antagoaists, which
increases the load and often the mechanical disadvantage of the
muscle; .

(iti) respiratory paralysis, which may sevetely Lt the 2531‘“3
of both patient and physiotherapist to concentrate on an indiv
paralysed muscle.

(b) Recorery of muscle function. This recovery 1s not reflected l?:
the muscle chart. It embraces not only recovesy of musdc(‘w:;:
but also recovery of endurance (which is strikingly 'hcmgllman 1
carly fecovery stage of poliomyelitis) co-ordination, skl -
confidenze. 1t conpnmes for a good deal longer than sunple I“D‘:iz
of power; from the point of view of a patient with sc'vcr; exé;"t gt
paralysts 1t may be greater in the second year thag in t :Iczn; o
even 11 the third year than in the second. ‘Thus he may et
breathe 1ndependently in a chair dusing thc'secondbiﬂ" g
manoenvre from bed to chair and from chair t¢ toilet o:i e
only in the thid year. Ina case suchas this only by ‘h;;: osefl
third year will he have gained independence, and fu o t o
wnprovernent of function can continue cven aftes these
objectives have been achieved. ion

}Juldrcn also farl to conform to hard and fast rules about fmit:
of functional recovery. As they grow they nﬂY'Sh?“’ ;“ ;P;Y
improvement which, though probabiy small jn itse ? e
sufficient to enable them to abandon apparatus previously

; ible.
or to take part in actvites which were previously meoss;mg
ar

The question which is perhaps most commonly asked
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the physiotk Py a.nd‘ hab " o of poli ""is: for how

long asitis helping the patient usefully to improve hts locomotor or
respiratory function, It should sof be continued indefinitely after 1t
ceases to do so. Generally speaking, the pertod over which treat-
ment will be uscful is shorrer, the more mild and the more locahsed
the paralysts, and longer, the more severe and the more wxdcspzezd
it is, Some patteats benefit from occasional petiods of intensive

[OOSR -C IR S 1 SO MY VDI AN SSSAC R Xoa

. . M
atself — when combtned with other i Chuldren Jar)
may benefit from infermittent out-patient treatment confined to
the holidays, rather than from treatment continued through the
school teem when it may setiously intetfere with thetr education,
of which the tmportance 1 the seriously disabled must never be
underestimated.



CHAPTER 13

MANAGEMENT OF THE RECOVERY PERIOD

The picture presented by the paralytic paticnt has now changed
from that described at the begnning of Chapters 7 and 10. Unless
there is still severe rest y impai or 2 superimposed
urinary or tespiratory infection he is rapidly recoveriag hus sease
of well-being. Pain and tenderness are feduced to discomfort
at the outer ranges of joint movement and mild tenderness in the
muscles, and the case of acute vieus infection is now a case of fower
motor neuron paralysts whose dtsability depends on the severity
and distubution of the damage to the motor neurons in the cotd,
and on any residual deformity which may have developed duting
the acute stage. During the transitional period he will have beea
transferred from the isolation of the infectious diseases hospital of
ward to the greater freedom of the orthopaedic hospital.  Here
both the emph on rehabilitation and the subsidary socidl
activities will help to encourage him that he has really begua to
move towards home. If he 1s a child he wall have begun to take
patt in the ward’s school activities — at first passively and then,
if fus disability allows, more actively. If he is an adult he will have
benefitted from renewed contact with the outside world and will
have taken not¢ of the achievements of those whom he sees to b
either as or even more severely disabled than humself, In dhis
atmosphere he 15 prepared to devote all his energes to developtng
to the maximum the power which remains to him.

The management of the recovery period begins with aarefil
exarnation and recordmg of the condition of the Jocomator iwem. 1he
zecord so obtatned provides both 4 base line agamst which recovety
(or detertoration) can be assessed and a ready reference for the
planning and subsequ ds 100 of Bn:f'refcmx‘lﬂcg
to the record will provide the detailed information which eo
only otherwise be ok 1 by repeated and dring
of the patieat. .

Thrs li.xamjn:mon of the locomotor system falls mto two m:fcl
parts: (a) testing of the muscle power and (b) testing of d}: P“;‘{cb
range of movement at the joints and detection of muscles W
stll shew resistance to stretch,

941
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Chart for recording paralysic of eranial meryes and respiratory defecte

ity Examiner
Date
]
:  Diplopa m, 1v, v
;: Nystagrmug m, v, vi
= Rabte v
‘ Masseter v
© Demuonof iy v
3 Facal v
Swallowing x
Eleriton of Laggnz ¢ 4 23
YVoice x
Stemmomastords Xr
Duaphagm Ciss
Lavssum, dors Cs7g

Upper antercostyts T1—g
Lower ntercostaly T7~12
Al T8—~12
Findings o Xy Seteeng of chegt
@) S(cmomaskmd movemene
®) Separation of upper by
(0 Separation of lower g
@ Diapheagyr,
Cougyy

Vi ey 1y e
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Chart for recording paralysis of neck and upper fimb (a Jess detailed chart
is of course sufficient in the acute stage of poliomyeliss)

Examuner
Date

Sternomastord Xland C2 3
Aaterior ccrvical C1—6
Postesior cervical C1—6
Trapezins XIand C3 4
Pectoralis major C5—T1
Pectoralis minor C7.8 T1
Latisstmus dorst C67.8
Serratus anterior Cs56.7
Deltoid — saterior ]

b
S

medal
posterior
Coracobrachialis
Supraspinatus
Infraspinatus
Subscapularis
Teres major
Teres munor
Rbombowds
Levator scapulac

L T Y
e Do o
-

annon 000N NNOn A
®

o

Supinator
Pronator
Flexor carpy radiais

Flexor carpi alnans

Palmans longus

Extensor catpt fadialis longus
Extensor carpt radalis brevis
Extensor carpt ulnans

Flexor digitorum sublimis
Flexor digitorum profundus
Flexar policss longus
Extensor digitorum eommuris
Abductor pollicis longus
Extensor pollicis brevis
Extensor pollicis longus

Interosser dowsales 1.2 3 4
Iaterosset palmares 12 3 ”
Lumbrcales 1234 "
Adductor polliais ”
Flexor polliais brevis "
Opponeas pollicts "
Abductor polticis brevis "
Hypothenar muscles "

@ oot
| wuo wo
B

HH |
Jogiong

NUNNO® N Moo

O 0AO00Aa aantonnn
woon]| | @ waq

!
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Testing of mascle power. Specimens of suitzble muscle charts ase
shown on pp. 96-97. The muscles are grouped according to the joint
onwhich they work. For a number of reasons, itfs necessary to test
muscles rather than movements: one muscle may have more
than one function; one function may be served by two ot more
muscles whose imbalance, if not corrected, can be as great 2
disability — parucnlarly in children — as complete paralysis;
weakness in performing 2 joint movement may be caused not
by weakaess of the muscles but by increased resistance to the move-
ment, e.g. by spasm or the contracture of the antagonists: finally,
the use of tendon transplaatation 1n subseq !
mzakes it important to have a record of the development of the
strength of the individual muscles during treatment. It is therefore
important to examine the sttength of the muscles themselves, fot
only by feeling the strength of the movement they perform, but,
wherever possible, also by fecling the hardness of the muscle’s
contraction or the tightness of its tendon, .

In Great Britain and 2 number of other countries a modification
of Lovett’s system of manual grading of muscle power is in use.
In the modtfication recommended by the M.R.C. six gradings tzf
muscle power are used, the grades being determined by the muscle’s
ability to perform its normal function of moving os fizing the patt
on which 1t acts, Grade 0 represents no power, Grade 5 full power,
and thete are four intermediate grades:

0 = no contraction, .

1 == a flicker of contraction — insufficient to move the joint:

2 = contraction suffictent to move the joint with gravify

ebmunated. X

3 = contraction suffictent to move the joint against gravity.

4 == contraction sufficient to move the joint against gravity X

some resistance.

5 = full power.

This method of grading has the advaatage that it 15 applicable
to most muscles regardless of their size or of the age, siz¢ ‘]’: ‘:;
of the patient; 1t zequires no special apparatus; ;ﬂilt;;‘;is;.sm
on function 1t requires netther gterpft.auon:n?f the mem oo fot

el

be explamed to the pattent who may otherwise be depresseu vy v
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falure of even considerable clinical improvement to be reflected in
the muscle chart,

This type of “manual” grading 15 unsuitable to clinical research,
Studies on the effect of different activittes or training routines
fequite mote sensitive methods of measurement of power and
various methods are available. One can record the weight which
can be hfted 2 certain number of tmes through a certamn distance;
or one can measure the force which ¢an be exerted on a dynamo-
meter, The sensitivity of a dynamometer used for this purpose
should be variable throngh a relatively wide range and it should
zecord the strength of both static and dynamuc contractions, A
strain guage d 18P larly useful for the
ment of muscles which are too weak for weight lifting (%),

The more accurate methods usually have the disadvantage that
they are applicable to a relatvely small number of muscles, and
there is a sk that their sensitivity may be greater than the errors of
positioning, etc. inherent 1n the method warrant. Within these
Limtts, however, they tnake 1t possible to obtan recordings of
power comparable from session to sesston and from patient to
patient,

2. Examnation of passe yornt movement ‘The lmitation of
Ppassive joint movement at this stage of poliomyelitts 1§ caused by
Tesistance to stretch by the muscles which cross 1t and not by true
Jomt stiffness (which i pol hins 15 a late d:
development). The should t nclude not
only estimation of the range of movement, but also detection
of the muscles responsible for the lLmutaon so that further
efforts can be made to relax them and so restore the full range
of movement This fact — that the suffness 1s produced by
muscle resistance — can be readily demonstrated when the muscle
2t fault 15 one which crosses two jounts; thus a tight calf muscle
which prevents dorsiflexton of the ankle when the kaee 1s seeasght
an be relaxed by flexion of the knee and full dotsiflexion of the
askle easily obtained. This phenomenon can be used to matntain
2notmal range of joint movement duting the period over whuch the
Tesistance of the muscle 15 being overcome,

Museles 1n which such tendency to shortening should be es-
pecully sought because of the severe disability which may resule
from the contracture which will develop 1if 1t 1s not controlled are
the following
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(2) The adductors of the arm. Contracture in these muscles
renders any residual power of abduction of the atm useless; of the
pectoralis major is one of the muscles affected the movement of the
ibs of that side will be restricted.

(b) The spinal muscles. Severe scoliosis can develop as a direct
result of contractures in either the long or the short muscles of the
spine; it can also develop darily as 2 result of imbalance and
deformity of the lower limbs.

(c) The muscles acting on the hip joint. Any of these can dcvc{op
contracture if paralysed, e.g. the ilio-psoas, with the resulting
flexion, external rotation and abduction deformity of the hip and
assocated apparent shortening of the limb, which alters the
whole mechanics of locomotion; similarly, shortening of the 1_1.\0-
tibial band is a common source of deformity at the hip, particu-
larly where the quadriceps is also paralysed. .

(d) The calf muscles. The equinus deformity of the foot with
its assoclated apparent lengthening of the limb, which results
from contracture or overactivity of the calf muscle, 1s P:xths the
most familiar sequela of poliomyelitis. Cotrect splinting and hot
packs in the early stages, and constant supervision and correction
through the period of growth are necessary if this very obsiinate
20d disabli 3 ted.

g 15 to be cc lted,
(e) The dorstflexors of the ankle. - Relative overactivity of the
d in the p of 2 lysed of very weak calf cae

L .
produce the reverse deformuty of 2 calezneus foot. In adults x:hxs
wise to imut the range of movement to a few degrees short of the
neutral posttton (with the knee straght). In children, howeves,
one 1s teluetant to encourage any contracture ‘50 Iong as gro
with 1ts tendency to tncrease a deformity, pessists. A fuller range
of elasticity of the calf 15 therefore desirable in children.

These contractures have been selected for special notice because
therr development so frequently, and sometimes so grossly, in-
creases the disability of the paralysis. To call attention to (hcndl 2y
therefore reduce the number of cases in which the nitial tendency
of the muscle to resist stretch develops into 2 tme cq;g::“
ture — esther smmediately following the acute stage or, 1o chi hxin'
at any ume during growth, Both contracture an.d :xcessw:Cd ;Z
can of course develop in any muscle which is denervat

artially denervated. L
P \Vithythc exarnation of the locomotor system complete; It
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now possible to outline with the physiotherapist a rational plan of
treatroent:

MANAGEMENT OF THE FIRST STAGE OF THE RECOVERY PERIOD.

Treatment 1s concentrated at first on two features:

{a) tbe ressoration of not ony full but free range of active and passive
moement, by the methods already indicated (gentle stretch, hot
packs, etc.) by slings, and by pool treatment if available

(b) the encouragement of the weaker muscles, In the first stage of
fecovery 1t is much more important to elicit even a weak contrac-
ton m muscles charted 0 or 1 than to raise — as is very much
easter to do — muscles from grade 3 to grade 4. If the patient’s
attention ts not concentrated on the weaker muscles thetr action
tends to be overborne by thetr stronger nesghbours, whether
synergists or antagorusts, and their residual, potentially useful,
innervation may be wasted. The explanation Lies probably in (1) the
natutal tendency of the patient’s interest to focus on muscles which
by their contraction release mote propriocepuve impulses than
theie weaker nesghbours, and sn (1) the sncreasing mechanscal
dissdvantage under which the returning power of the stronger
muscles forces the weaker to work. It 1s therefore important that

m the early part of the recovery period, block or mass contraction
Of mnerlae wrhenh Tacen 3 Tasa—s mtommmebc oo me o2 _ind

sumulated and exercrsed.

The soutine of the phystotherapist at cach session at thus stage 15
the following:

(&) 1o ensure that the ltmb 1s warm. Neither joint movement nor
suscle cantraction 1s optimal if the imb 15 cold, very weak muscles
will, 1n fact often fai) to show any contraction unless the part s
thotonghly heated beforehand, M g the mb may give
sufficent warmth, or hot packs may sull be necessary  Better
stll, for ane session daily the heat may be obtatned by exerctsing
the patient in the heated pool or (tf 2 child) tn the ward bath,
. (®) the jomnts of the mb to be exercised are put through an

Creasing range of movement to obtan as free movement as
possible, and to obtamn yust a Lttle more stretch of any resistant
muscle than was obtatned on the previous day.

(€) the individual muscles are d lly. Weaker
muscles are exercised 1n the position most favourable for their
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contraction — usually a position in which there is only moderate
stretch and in which there is no resistance to the movement
the musdle normally performs. Oaly one or two contractions
per session may be obtained at first, after which the patient will
say the muscle has tired. As the days pass more and brisker con-
tractions develop until the contraction is well defined and does not
disappear on repetition. Even quite young children will take an
intense interest 1 developing, e.g. 2 “wrinkle” by contraction of
the quadticeps at the knee, or in making the tendon of the tibualis
antetior jump up on sequest. ‘The stronger muscles ate exercised to
develop brisk, co-ordinated, free and repeated conteaction, acting
through the whole range of movement. Exercises to develop
power ate postponed until this has been achieved. In the abseace
of pool treatment, or in the intervals between sessions, slings are
provided to reduce the effort tequired from the patient or from the
muscle. Fatigue is not allowed and a falling off in performance is
regarded as a definite indication for stopping an exercise.

(d) At the end of treatment the paralysed parts are left supported
either in the position most favourable ta maintenance of the newly-
won limit of joint movement, or in the posture chcmmcnéCd f?r
the acute stage, ot in a position f; ble to exercise. b
thought should he given to this selection of posture at the ead of
treatment.

If 2 limb is severely paralysed it is nsually more proﬁmbl.e 10
divide the physiotherapist’s treatment into 3 or 4 shoster sessions
rather than into one or two longer ones in the day, particulardy
if the paralysis is severe enough to make the limb totally uscless
in between treatments. When 1t becomes possible, as a result of
increasing power of the muscles themselves or by the .help gtves
by shngs and counterbalancing weights, {c{ exercises 1o be
performed without the p of physiotherapist or occup:
therapust, the frequency of the seessions can be reduced.

THE HEATED POOL
“Pool treatment” has a special place in the treatment of cases of
poliomyelitis, and particularly 1n the treagment of the more SEvert
cases, and no discusston of physiotherapy in this condition wou
be complete without an account of jts use. The heat of the w:tr;x
favours both the selaxation of muscles resistant to steetch 2nd :be
voluntary contraction of all muscles. Its buoyancy zssxgt; . 0;
postutisation of the patient and, by taking part of the weigl
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ssistacce given by the buoraacy of the warer mukes ety
s titing, 30 that 2 great deal more can be dune in the time ay alhible
#2d it is uspally possible to work through a set FOUHNE W €W
of all parts of the body without exhausting the pauent, ‘The ol
{0 provide the patient with a fixed point to obtIn Lue W I it
{ereased in water; thus the pelvts must be held for exeniues wtihe
muscles of the hups, the thigh for exercises of the hnee, ol (ha
Scapula for exercases of the arm, If true moy ement ix not indated on,
0d the patient 15 allowed to obtain hus mavement by w tpghup,
s performance on land will fall disappolntiogly betind By
Ommance in water,
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Qittinm and conmdinn fn sbamant L0,

morale. If t has been prolonged dizziness (app
of vascular origin) and true vertigo (associated with nystagmus) arc
to be expected. The vertigo is best corrected first by accustorn-
mg the patient gradually to sitting and lateral turning 1n bed
— this may take several weeks. The dizziness is often assoctated
with poor abdominal musculature and is reduced by preliminaty
application of an abdominal binder. In fact, it is a wise precaution
to prescribe an abdominal binder for use on sitting and standing
1o all cases with weakness of the abdominal muscles. The support
given increases the patient’s tolerance of these positions 2ad pre-
vents hing of the abdominal muscles. If the abdominal weak-
ness persists a more permanent support in the form of either 2
strong corset or 2 Salz belt is requited (see p. 124).

Walking in the pool is usually started at the decpest level surtable
for the patient’s height — ideally the water should come about
half-way up the patient’s chest. If the water is higher the buoyancy
hinders walking since the patient’s lower limbs tend to float up,
particularly if the gluteal and trunk muscles are weak; if it is lowet
less supportis given to the trunk; if the water reaches only to bel&w
the hups it is usually more hindrance than help in walking, since the
assistance obtamned from its support of the weight of the trunk is
gone and is replaced by the resistance to the thighs at the Surgﬂula-
The imporrance of securing a correct standing posture (i adults
with the aid of 2 murror) before starting walking is as great of
greater than in walking on dry land. .

The amount of exercise to be petformed whether on land or in
the water 1s determined by the patient’s performance. A5d5°°“
as the performance deteriorates the exercise is mtermpl; (see
p. 88). On the other hand, if the excreise can }75 pesto ol
pexfectly and without deterioration the need for it is pass}llng the
the patient should progress to the next stage. Thus, W °“‘ "
patient can walk up aad down the pool length as many 3 ;cgin
times without d jon in his perf c_hC should w%s!
to graduate to a shallower depth of — if already in the shallo +

i i & final use ©

depth switable to his hetght —to walking on land. Th -
the pool in the severely paralysed s to teach control 1n stepp
from one level to another.
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MANAGEMENT OF THE SECOND STAGE OF THE RECOVERY PERIOD.

“The first stage of treatment, in which conceatration 15 mainly on
the weak muscles and on obtaining brisk free active and passive
movement, rather than on power, metges into the second stage
1 which more vigorons treatment is adopted. No specific time
for the beginmng oz end of these stages 35 suggested because, as
mentioned elsewhere, the actual number of weeks that each stage
Rasts varies widely from patsent to patient — and also from limb to
lmb in 2ny one patient. Suffice it to say that the second stage is
reached when passive movement s free, the contraction of the
muscles 1s “brisk” — irrespectrve of theit power — and it is felt
that the residual innervated motor uaits of even the weakest
mascles have been gtven ample apportuaity to show thetr coatrace-
thity One’s judgement 1n this matter 15, of course, 1nfluenced by
the distnbution and seventy of the paralysis; doctor, physio-
theraprst and patient are all more ready to devote time to a very
weak muscle 1f 1t is one of very few muscles with residual nner-
Vation, or has particular functional importance

By now the muscles will fall naturally into two categortes:

{1) those which are nearly ot quite adequate to their task, but
fequire training to bring them to their full power,

{2} those which are too weak to fulfill the function required of
them,

The former must be developed by exerctses to develop bath
Maximum power and maxtmum skill fn thew use. The letter must
e replaced by substitution, viz. by other muscles (the acquisition
of skl and develog of trck by i
o give aither stability or spring movement, or by surgical xe-
onstruction,

It 1s a familar obsecvation, in

b b Shen peman ol

Tramng of muscle for strength.
sthlerioe and on f.'.h 8

e Aernmnan

W3y (prog 1stance 15 d with an mn-
Stease 1n the size of the 1adondual fibres of the muscles taking part
inthe exererses. Otherchanges which 1t ble tobel gh

{lso occur are. an tacreased vasculanty of the muscle, as mcresse
2 the vascularity of the selsted part of the spinal card — ot even
of the cerebral costex — and changes in the nerve cells and 2xons
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concerned. At present, however, work on this subject is incomplete
and 1t is better to confine the discussion simply to the practees of
training of muscles to increase their strength,

The essential feature of all effective training routtnes apphed to
normal or partially dencrvated muscles appeats to be the adjust-
ment of the task set to the muscle so that, although within #ts
capacity, it is always just ahead of its easy performance. De
Lortme’s progressive resistance exetcises embody this principle (%);
their effect is prabably to induce a maximal contraction of the
muscle, with the result that the Joad cannot be distributed by alter-
nation of activity amongst the available motor units and no motot
unit remains unstimulated. The relative failure of submazimal
contractions to late the develop of hypertrophy and
increased power may result from the fact that some motor
sermain always as a reserve which is not used. Exercise to fatigue 1s
a poor stimulant, presumably because as soon as fatigue begios
cither only submaximal contractions atc obtained, ot the action of
the muscle for which the exercise was designed is replaced by the
action of other muscles.

An iateresting feature of most training routines apphed box}x o
normal muscle (as in professional weight-lifting) and to partially
dencrvated muscle — is the small number of maximal contractions
which are required to stimulate the development of muscle power
Ten to thirty maximal contractions 2 day, three times 2 wcgk.
appear to be as effective as — or on oceasions mote cﬂ'ccﬂ";
thaa —~ a greater numbet of contractions or a greater auwmber o

essions, In our expesi thirty 1 contractions

for not more than 3-5 seconds, at an interval of half to one mnuts,
are an effective stimulant to the development of powerina s;lcci{d
muscle, ‘The relauvely long interval between comtractions dls
required to prevent falling off in performance (and consequently
submaximal contractton) at the end of the session.

; tion of muscles to be traied 15
In p(:llomyclms ‘can.:ful 'sclcz‘: ioa o :;uaﬁ o iual innervated

an unfavousable muscle
contraction the

umts

since p
muscle can be harmful by exaggerating
smbalance or by overloading muscles on whose ot
muscle under traming depends for its stabiliey. Thus, ﬂd“'f;‘fm
lifting exercise for the biceps or triceps can on occasmln owhasc
by causing excessive pull on the stabilisers of chc‘shou 5‘& e
grading 15 lower than that of the lazges muscles; with ea mﬁﬁ rd
tion the scapula ults or slides out to the axilla and the st
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ates, other muscles take over the exercise, which continues, not
as fatigue of the weaker muscles, but as exercise and fatigue of
other muscles not usually taking part in the movement. Both
types of fatigue are undesirable, the former because by replacing
maximal with submaximal contraction it renders the exercise less
effective: the latter because only too often it results in the develop-
ment of faulty postures and gait.

It is unwise to exhort patents to perform compheated move-
ments, such as walking, sitting or standing, to the Limit of fatigue,
A common example is that of the patient with weak abductors of
the thigh who can walk a few paces with perfect posture and perfect
gait, but as he tires develops an abnormal gait, even to the extent
of 2 positive Trendelenberg sign. In such a case the actual exercise
of walking must be discontinued the moment deterioratton o the
slightest sign of fatigue is detected Over the same pcﬂod. specific
exercises are given to develop the power of the muscles which have
been found 1o be inadequate to their task. If this 1s done corsect
posture and gait are mamntained and over the chk:s 1t will be foufld
that the number of steps which can be taken will be steady io-
cteased. The physiotherapist’s job 1s, therefore, not to urge on ber
patient greater distances ot longer times spent sitting or walking
Instead she should prevent the patient from exercising beyond s
limut and at the same time detect which muscle of muscles 21
creating the hmut and devise for them exercises which will cﬂecuvtl;
ly develop their potential power, so that they become adequate f
their task,

ELECTROTHERAPY "
One is occastonally asked whether there is F Jplacc for elcct:'l“
tumulation in the of muscle paraly 'y po:
Theotetically, there scems little purpose in stmulating the mr:ll
vated muscle fibres, stnce as good or better contraction can us;zd{
be obtained by voluntary sumulatton. There seems equally don
purpose in stimularing the denervated fibres, since thexrclicncn;; "
15 presumably permanent, and they will agt be taking Pd st
voluntary contractions. On the other hand, it can be zrgucl o
the contractions 10 the denervated muscle increase 1ts supple
and reduce the mechanical reststance offered to the voluatary
contraction of the xcsu:‘lual inpervated fibres. seem 10
In practce, el timul: oes A
improse the ;rolunury contraction of a muscle, but st is usually
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dfficule to say whether the improvement is obtamned simply by
1nerezstag the patient’s awareness of the muscle, or by a more direct
effect on the muscle 1self. The benefit is wsually obtasned 1 a few
sessions and prolonged courses of ¢l herapy ate rarely tndiea-
ted, less perhaps because the treatment is entirely valueless than
because 1t appears to have less value than other forms of treatment
with which the patient’s day is already fully occupred.




CHAPTER 14

RECOVERY FROM RESPIRATORY COMPLICATIONS —
WEANING FROM RESPIRATORY AID

PARALYSIS OF SWALLOWING

Paralysis of swallowiag, like paralysis of mictusition, is rarely,
ever, a permanent complication of poliomyelitis, and the measures
required to compensate for it can usually be discontinued sometume
within the first three weeks—provided precautions ate still taken to
deal with any secondary pathological process which has developed
in the lungs. Minor weaknesses may, however, persist longer, and
pethaps indefinttely. 'The opttmum position for swallowing 1
such cases depends on the site of the weakness, Usually a sitting
position of 70° 1n which gravity asssts the bolus to fall posteriorly
is the most comfortable. Only one lateral food channel may be
used, and this may mean that the swallowing is easier when the
head is turned away from that side. These minor weaknesses ar¢
usually little or no disability so long as the patient is healthy; but
there may be nisk of pooling in the pharyax and aspiration when
the normal coatrol is weakened, e.g. by debilitating disease of
anaesthesta, and 1t 15 sometimes wise to tnform the patient or bis
telatives or doctor of the significance of the finding.

PARALYSIS OF RESPIRATION

Patalysts of respiration on the other hand, is often associated
with considerable permanent damage to the respiratory moto:
neurons  Its tecovery, therefore, follows the same pattern 2
recovery from other spinal paralyses, and consists of the fout
components already described — viz. true recovety, release from
inhibition, traming of residual motor units and adaptation. Two
additional factots also have considerable cﬂ'e‘_c( 1n the immediate
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level, with consequent increase 1 the oxygen-carrying Capa

the blood. . S
In practice, cases with fespiratory paralysis fall into two groups:
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upon the respiratory muscles during the day seriously interferes
with weaning from such aid, In fact, failure to observe this
cardinal rule of ptionity of respiratory over locomotor development
leads to such 2nomalies as patients walking about, perhaps running
# home or going to work in the daytime, yet dependent upon
respiratory ard when they flop exhausted into bed at night. Insuch
cases successful weaning can only be achieved by temporatily
drastically reducing their daytime activities and only incteastng
them again when the respiratory capacity s again in the lead, Itss
interesung that once respiratory independence is actueved it is
razely — if ever — lost again unless cardiovascular or pulmonary
disturbances supervene. It is therefore well worth the extra time
and trouble spent 1n securing 1t. It 15 highly valued by the patieat.

WEANING METHODS

At first when the cabtnet respirator is opened the patieat may
not tolerate more than half a migute without some substitute aid.
This can be given either by manual compression of the chest
(14-20 per munute) o by positive pressure through face mask of
monthpiece. Gradually the time for which he can be left without

- flta and

need warrants it. Instead, aid should be offered as soon a» Lopa
tory function appears to be snadequate, preferably before the
pattent becomes aware of his fadure. Intermittent assistance witha
few deep breaths will often considerably prolong thcApcnod for
which a pattent can stay out of the lung at any one time and 50
speed his progress and mmprove his morale. .

By the time the patient can tolerate unassisted bmthmg.fotl;s
long as 30 minutes 1t 1s usefu] to have a comfortable w, which si
patent knows 1s for him, 1n sight: 1t 1s left to the patjent to S“EB]J‘X
when he should be transferred to 1t, first for short and gradu: hcy
for longer petiods. But stil] he s returned to the jung befe::ﬂl .
shows acute distress. Eatly signs of distress are reluctatice 0 4
increased activity of the accessoty tespicatary muscles a0d sWemgi'
A tendency to sweat and to fail into 2 decp sleep 45 soon 28 >
resputatory aid 1s testored is definite mndication that thch (F:;;M
weantng 1s too fast and should be slowed: the patient s ot
reassured that even a few whole days’ rest in the respirator
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i
R R w .
to the patient 12 advance and he should, if possible, be the one to
suggest that he 15 ready for it. In this way the patient fecls lumself
tobe the keenest member of the weaning team and hus co-operatton
and confidence are never lost It 15 obvious that measures which
“cheat” the patient — e.g. opening a respreator arm-port ot
teducing the pressure without warning — are never advisable;
sot only do they lose the patsent’s confidence tn his attendants but
also they ask him to breathe 1n adverse circumstances, i e, with his
accessory muscles cramped by the neck collar and even aganst the
motor’s reduced actron,
Oceastonally difficulues anse, as already mentioned, from over-
i by the () The q low catbon
dioude level leaves the pauent without the normal stimalus
(carbon dioxide retention) to breathe. When he 15 taken out of the
tespirator he may becorme very uncomfortable and distinetly cyano-
sed, but show 00 attempt to use the accessory muscles to tncrease
the ventilation, though these may be known to be innervated In
such cases the venous blood will show low carbon dioxide levels
2nd weaning will be favouted by gradually reducing the excessive
arthol ventilation and by tncreasing the frequency of freedom
rom ard
The final stage of the weantng process 1s learning to sleep without
ud  Generally speaking, patients who have had assistance for
sleeping for many months or even yeass are more difficult to wean
Tom respiratory ard than those with only short experience of such
ad, even though their vital capacittes are stmilar This would seem
tobe caused partly by their becoming accustomed to the very decp
sleep usually assocrated with such aids, and partly by the tendency
f most auds to cause overbreathing with resulting adaptation to
low carbon dioxide Jevels. For hus first “nughts out™ the patient
should be warned that his slecp will be Irghter (and 1n that sense
mote notmal) than 1 the respirator and that he may find that he
wakes often 1 order to increase venulation with hts aceessory
muscles. He should also be assured (1) that the loss of sleep, though
A may be boring, will not do him any harm, (2) that there 1s
absoliveater mn 1. @ e te M oe oV eeerl om 2nd Ara wprhant
wakyy . . .
rela .

<,
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the bedside for the first two or three unassisted sleeps. Hypnotics
are of course contra-indicated, when a patient is to try to sleep
without aid.  Occasionally benadryl may help the patient to settle
calmly. The benadeyl seems to be useful less as a sleeping drug
than as a relaxant.  Before spending a night without aid the patient
should have had a restful day and so start the night without
catbon dioxide tetention and with his respiratoty muscles working
under optimal conditions. At first a regime of, for example, one
aight without, three nights with aid, 1s observed, the day before
a night out being particulatly restful. The proportion of nights
out: nights in is gradually seversed within the patient’s toleranee
until he himself feels that he can sleep well enough unaided. The
zespirator should not be finally removed from his sight untif he is
anzious to see it gol

Wherever possible the process of weaning should be direct from
tank respiratton to unarded respiration, and the temptation to 1ing
the changes on a variety of apparatus should be tesisted. Each type
of apparatus requires 2 certain amount of “getting used to” and it
15 only too easy to waste the time and skill which should be speat on
weaning from all apparatus on getting a paticnt used to some sub-
stitute ard. It is doubtful whether any of the apparatus so far desig-
ped really assists in #raining the respiratory muscles; most tead not
only to take over too much of the respiratory function (since they
control both fate and depth of respiration) but also often actually
interfere with the sp pi The exception 15 the
positve pressuze belt, where the aid 15 given only to expiration and
the depth of inspiration beyond that of elastic recoil is Ieft to the
patient’s own respiratosy centre and muscles. This overriding by
apparatus of the normal physiological control of zhyup and dc';sdf
of respiration is a striking feature 1n patients using respiratory aids;
they th Ires wll lunteer that 1t may tzkc'thtm
several hours after Jeaving the respitator to cease to breathe in the
pattern it tmposes on them, Coosequently, it is important not to
let weeks and months go by while the patient merely learns how to
use different kinds of aid. od

If, however, the need for sespiratory aid is likely to be pxo!ong(
1t may well be worth changing fairly early and compklfiy o, ﬁ:
example, a comfortable cutrass which will allow the patient ‘: ot
on an ordinary bed, to become accusfome& to sitting Up, ;" i
have physiotherapy to arms and legs without dxscum.umm;é,"I 1( c ={0;
The change should be gradual over one to two wecks to allow
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adaptatton to the new forces exerted on the trunk and to avoid
pressure sores both directly from the cuirass and its straps and
inditectly from counter-ptessute on the mattress, The line of seal
should be treated as a pressure point in the same way as other
pressure ateas. The patient should have 2 layer of cloth, gamgee
tissue or multopren between him and his cuirass.

Some patients prefer the rocking bed, since on it they are able
to breathe completel, bered. An ! patieat will
be able to sleep on 1t all night

Patients welcome reductions 1n the apparatys attached to them-
selves and are good witnesses as to whether they are getting suffi-
cent ventilatton from new apparatus. If the new apparatus 1s
unsatsfactory it 15 more often the apparatus than the patent that1s
at fault] It is preferable to avoid combining a change of hospital
with a change of apparatus; a change of either alone can wotry
2 patient considerably; 2 change of both together may prove a
harrowing — and even an unsuccessful — experment It can be

. [ . ——te

PR

to 1ts parent hospital later

Weaning from posstive pressure respiration admmistered through a
dracleostome and the final closnre of the stoma presents a few addittonal
problems, Each of the functtons of the appararus and stoma must be
dispensed with 1a succession*

1. The need for the cuff to be mnflated to ensure that foreign
matetial does not enter the respiratory teact from the trachea
1s removed fauly early by the matural recovery of the muscles
of swallowing  Inflation of the cuff 1s now needed only to prevent
leakage of pressure 1nto the pharynx when the pump 1s 1n use, and
whent it 15 not 1n use the cuff can be deflated: this enables the
patent to talk,

2. The need for the posttve pressure pump as 2 means of
2rufical respiration is removed, ether by direet weanung from

¢ pump to spontaneous respiration, or, where recovery of the
espiratory muscles 1s insuffictent, to some other form of assisted
Fespitation which does not require the tracheostome. A cuirass
Tespirator will usually give sufficient help at this stage and o
Patient should become accustomed to 1t withm enc to two  *

3 The need for humidification may persust, aftet the ,
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discontinued, to prevent secretons from becoming “sticky” for
Iack of the humdification and warmth previously supplied with
the positive pressure resprration. It may be necessary, therefore,
to supplement respiration by the cutrass with short spells on the
positive pressure pump for the sake of humidification. Geadually
the need for these spells is reduced with the help of 2 humid
atmosphere jn the room combined with a scatf loosely tied 1a front
of the tube to form a local warm damp pool of ar,

4. When both the posttive pressute pump and humidification
are no longer required the cuffed tube can be replaced by a plain
one, since by now the sole function of the tracheostome s to
allow suction of the secretions in the trachea,

The final stage of closure of the tracheostome is now in sight.
Vartous criteria for w4en it should be safe to close a tracheostome
in these patsents have been suggested, c.g. when both diaphragms
are working, or a cettain minimum vital capacity is reached, In
practtce, however, these requirements would condemn unneces-
satily 2 number of patients to a permnanent stoma; the most useful
criterion 1s simply that secretions are minimal and can largely be
controlled by posture and physiotherapy, and the p:{dcnt’s_ own
coughing and that there 15 an alternative respiratory aid available.
It 15 an advantage also if the patient can breathe spontaneously for
short periods in the prone positton. So lang as the tube remnins in
situ some suction will continue to be required, stnce the tube bo.th
increases secretion and taterferes with the normal route of its
removal. Tt is therefore futile to watt for complete absence of
sectetions.

The obvious preliminary stage of closure of the stoma would
seem to be to dumunish 1ts stze by reducing the size of the tube in
use. In practice, however, the mechanteal trauma of too loose 3
tube m the trachea may increase the secretions (this trauma can be
c derable if the ster ids are overactive) and it may
thetefore prove easter to dispense with these stages and palss
strarght to strapping over the stoma as securely as possible. In
some cases a silver cannula, which 15 less 1rrtant than rubber
tubing, may give a useful intermediate stage.

Du%ng tl{cgprcccss of closure every precantion should be !tzkﬂsl
to ensure that sectettons are not allowed to accumulate tn the lung

ions
and that intercurrent 1nfectton does not occur. ‘These precaution
mnelude.

(1) physiotherapy

to the chest and postural drainage (head-down
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tipping 4ll mght and every 2 howrs in the day is a worth while
precaution 1 cases with smpaired cough),

(2) antibiotics to prevent infection with increase 1n secretions,

[OF: ion from infe and fespiratory disorders (an
nfluenza vaccine 15 a wise precaution if closure 15 to take place
duting the mflueaza season),

(4) all faciliwes available for re-opening of the stoma, suction
a0d bronchoscopy, etc.

Once dosure 15 completed the patient should present no more
problems than other cases of paralysts with respiratory weakness,
and weaning from respuratory aud, if not already complete, should
continue along routine lines — allowing for a temporary setback

JLIY AR R
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solution contaming adrenaline: the skin edges round the stoma
ae freed and closure 15 obtaned 10 two layers f possible  Effective
continuous suction 1 the wound is required throughout the
©operation to ensure that netther blood nor anaesthetic solution
ate aspirated. Twenty-four to 48 hours’ post-operative postural
head-down dratnage (either intermittent of continuous) 1s recom-
mended as 2 routine p for those with t
power,

q ghing

. Finally, 2 word should be said about #be sanagement of respiratory
infectians un patients whom respiratory paralysis has left with vmpasred
coxghng power and fimted chest expansion. A “cold”, or, worse, an
attack of “influenza” can be a serious setback to recovery and can
¢ven be fatal 1f not managed correctly. Prophylaus 15, of course,
of prime importance: wisstors, nurses, phystotheraptsts and doctors
must conscientiously observe the rule of “keep away or wear a
mask™ when they have a cold, It 15 worth while admunistering
taffucnzs vacene tn the autumn and agasn around Christmas time
:_0 Il(lj Gases 1n whom intercurrent resptratory infection 15 to be
feared,

Should the patient suspect “a cold”, antibiotic therapy 1s valuable
€ preventing secondary infection, and routine postural dramage
{rassing the foot of the bed, and prone turning with assisted cough-
ing at regular intervals) 1s 1nstituted at the shightest suggestion of
Inczeased secsevion, Chldren without effective cough should be
tpped 10 bed head-down 1n the prone position for about an hour,
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and then supported for a few minutes over the side of the bed to
cough out secretions (see fig. 21). ‘Their parents should be taught
the principles and practice of this drill before they leave hospttal.
Expectorants ate absolutely contra-indicated and the contents of
“cough mixtures™ must be checked from this point of view before
they are administered. It is surprising how effective expectorants
thought to be “mild” can show themselves to be in a patient who
cannot cough up his secretions. If secrettons do develop, the
administration of an antthistamine which is a strong bronchial
dilator, or trypsin, by aerosol, combined with stecp head-down
postural drainage, and physiotherapy as suggested in the acute
stage help to ward off atclectasis, Finally, should atelectasis
occur aspiration undet direct bronchoscopic vision (with 2 short-
acting anaesthesia such as pentothal) will usually result in considera-
ble improvement. Usually the first “cold” is the worst; as res-
piratory function improves and the patient learns the importance
of eatly treatment the danger steadily decreases. The exceptions
are cases with progressive scoliosis in whom the respiratory um-
pairment will tend, if anything, to increase.



F-L 21 Position for coughing 1n a chald %ath impasred coughng.
hrm support under shoulder and pelin wies a
Parah e chld s et ey ey






CHAPTER 15
THE MANAGEMENT OF PERMANENT DISABILITY

However good the treatment in the acute 2nd the secovery
stages and however coutageous and determuaed the patent and
his relatives, irreversible damage to 2 significant number of motor
zerve cells must cause some degree of permanent disability, the
degree being determined by the distzibution and number of cells
destroyed.  Probably about half of the notified paralytic cases of
poliomyehtss are, if they survive, left with a disability which ranges
from relatively minor dysfunction to complete helplessness. The
fmanagement of these cases and the reductton of the disability to the
absolute mimimum compatble with their testdual mnervation
forms an increasing proportion of the work of the orthopaedist
a8 each year adds 1ts quota of cases to the accumulated total of
Previous years, In the U.S A. 11 has been calculated that (excluding
amputations) poliomyelius cases make up 30 % of all orthopaedic
patents with disablement under the age of twenty-five (%),

To discuss the management of the permanent paralysis in a detail
comparable with that used so far to discuss the management of the
acute and recovery stages would be to write a large part of an

hopacd; book, The d would have to cover such a
wide range of subjects as- the management of abnormalities of the
foot; the problems of deformuty of the spine; the whole field of
teconstructive susgery (inclading the principles and methods of
tendon plantati hrod and the manage-
m;g: of unequal length of the limbs); the makm'g and fittng of
orthe » * i PIT I

il
para . ..

boo!

give .

were ignored altogether, and the reader were sumply referred to the
standard text-books of orth di It has tb seemed

asonable to try to show q\mrc brefly, for the benefit of the 1p-
teasing number of peaple from diverse branches of medicine and
souul welfare who nowadays come into contact with the enlarging
Population of poliomyelitss cases, some of the methods used by the
Ofthopacdic and auxiliary services to prevent poteaual deformity
*nd to help to compensate for the permancnt patalysts.

¢ management of adult and chuld cases 1s skightly different. In

{01151
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adults emphasis can be freely lad on restoration of function, and
reconstructive surgery can be used as soon as it is felt that maximum
recovery has been reached. In children, on the other hand, the
emphasis 1s less on reconstruction than on the Pprotection of the
paralysed parts over the period of growth, so that the disability of
bone and joint deformity is not supertmposed on the paralysis, The
need for constant and expert supervision of children, even with
relattvely mild paralysts, throughout the petiod of growth cannotbe
overstressed. Severe cases, in whom the need for such superviston
is obvious, aze less likely to slip through the administrative net than
those with relatively mild paralysis. These ate often sent home from
a fever hospital with the apparently reasonable expectation that the
already rapid recovery will be complete in the next few weeks, If
,this expectation is not fulfilled, there tends to be delay in sceking
advice and the patient may not be seen before deformity has already
started to develop. Tt is jimportant to realise that it 1s impossible —
however great one’s experience — to forecast whether all muscles
will recoves completely or even equallyand that it is therefore essen-
tial that all cases which have shown paralysts, however mild, in the
acute stage, should be given soutinely an out-patient appointment
at an orthopaedic chinic for 8—12 weeks after onset to determiae
whether or aot further supervision is sequired; in this way any
deforming tendency due to muscle imbalance will receive regular
skilled orthopaedic supervision from its eathest and most control-

lable stage. .
Apart from this important preventize aspect of the management O
permanent paralysi to reduce disabl fall into three

¥S1s, nent
main categories: appatamus, surgesy and rehabilitation.

1. Apparatws. ‘The appatatus required in cases of poliomyelitis
ranges ‘?fom small, oftl:ﬁ “lively” splints, designed to assist o;
zeplace normal movement, to calipers and spioal suppotts dgsxgn:l d
to give stability or to contro] the development of defummy.h t
also includes a wide range of apparatus and gadgets used by, ﬂ;l cs
than fitted to, the patient, ranging again from smail gadgets such an
special handgrips for use 10 a paralysed hand to ovethead suspcnsﬁz:d
apparatus for the arms, walking macl:u.ncs, wheelchatrs, (px}':)p;‘ ]
by the patient or by motor or electricity), and devices fort ::3 o
control of cars. Some of this apparatus is prescribed “:Ii:’ id e
patient over a long recovety period, with a view 10 1ty disca
a Iater date: some will be of permanent use.
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2 Surgery. ‘The surgery of poliomyelms is often classtfied as
correctsve and reconstructive, but in practice one operation often
serves both functions. A few of the commoner operative measures
are, plant of the onga or i of a muscle tn order exther
to correct deformity or to transfer the power of a still innervated
muscle to pull on a mote necessary teadon; osteotomy of 2 bone
to increase mechanical advantage, festore stability or correct
deformity of abnormal bone growth; and fixation of a jomt in
which stability 1s more important than movement, One, or a series,
of such operations may 5o tmprove functton as to enable the patient
to dispense with cumbersome appartatus, or actually to recover

EE hoT

JRNSURE

where sensation is impaired, The time 2t which operation becomes
justified 15 often discussed, rather uasuttably, 1 general terms, 1¢.
“at the end of six months”, or “not untl the end of two years.”
In fact the time vanes according to the state of recovery, not only
of the muscles particularly concerned, but of othet muscles only
tnchrectly concerned, and 1t ts difficult to make generahisations. Two
mportant factors are the extent of the paralysis and the age of the
Patient,

3 Rebabilrtanan. This term must be used tn 1ts widest context, to
Cover inter alia the proviston of suitable home surroundings (with
4 view to reduction not only of the difficulties of the pattent, but
also of the burden on his family), the selection and provision of
educational facslities most switable to 2 particular chuld, and exther
the modification of a patent’s onginal employment to swt his
reduced capacity, or the selection of sustable alternative employ-
ment and the provision of the necessary traming for 1t

APPARATUS AND SURGERY

The application of the fisst two groups of aid, apparatus and
“3_’8")‘. 15 best constdered from the powust of view of the part
affected.

PARALYSIS OF THE MUSCLES OF THE UPPER LIMB

It has already been menuoned that paralysis in the upper Limb
15 usually most severe in the proximal muscles, and that even with
severe involvement thete Is often some spanng of the long muscles
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of wristand hand, In severe cases, therefore, one s often concerned
with overcoming the proximal disability in order to allow mazimum
use of the residual power in the hand,” While the patient is in bed
an ovethead support, on which the arm, forearm and hand can
be slung, allows any residual power to be used unhampered by
gravity, brings the hands within uscful range of eyes and mouth,
and counteracts the tendency to adduction contractute of the
shoulder (see fig, 22). In this position the patient can exercise
continuously — withont help from nurse, physiotherapist or
occupational therapist — and can learn to write, turn pages and
feed himself before any muscles of the upper limb have seached
Grade 3 (anti-gravity). The effect on morale after weeks or perhaps
months of inactivity is obvious.

In the ambulant patient with paralysed shoulder muscles a0
abduction splint should be wotn for as long as the tendency to
adduction contracture of the shoulder persists. It can then be
abandoned ualess the patient feels the weight of the ltmb on the
shoulder girdle uncomfortable, ot unless he finds — as may be the
case if both shoulders are affected — that it is useful to have one
hand in the raised position. Later, if the muscles that insezt on the
scapula are strong, arthrodesis of the shoulder jount in 60° scapulo-
humeral abduction can give a useful active movement, at the
cxpense, however, of substantially losing internal and external
rotation Arthrodesis of one shoulder finds its main indication 1
cases with severe bilateral paralysis.

Weakness of fexion of the efbow in the ambulant patient can at fisst
be cottected by a sling to bring the hand into a useful position. If
the triceps is strong 2 flexion spting can be included to give the
effect of active flexton and extension (see fig. 23).

Permanent impament of active elbow flexion can best be
corrected by transplant of the triceps or pectoralis major into the
biceps but 1f these muscles have been too severely affected, either
a muscle slide of the proximal origtn of the long CX““S"”&
flexors of the wrist and digits, or a bone block to prevent
extension, may have to be considered. N 5

Weakness of the long muscles of forearm and. &qnd requires wzx:tc_ﬂon
according to the particular combination of P““}f“sf,"’“f" D’fg
of splintage which stabilises the wrist in about 10 dorsiflexion ;n .
allows active movement of the digits by catefully bﬂb"fccd ve
splinting is useful 1n cases where weakness Is severe. Loss of .op;kn_o;lc
tion of the thumb, which may occur as an isolated paralysis of t







o 2 Somner sunport for weak biceps muscle



Fig 31 Oveshead suspensiom and slings enabliog 2 panent w ith snade quate shoulder
muscls t0 use the less affcted forearmm and hand muscles. Note 210 the ‘polly perch”
which enables a patient wath good arms 1o move about i bed.

Fig. 34 Glove sphint tor paralysis of the dhenar muscles, enabling the parient o use
residial power in the long fluxor muscles of thumb and Angers.

() "Simun® position at thumb and wasting of thenar eminence

) Fangers-thumb pincer action wath thumb in abducoan-cpposfion.



b

Fig 25 ‘Unicorn’ page turner for a panent with fla arms.
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thenar muscles ot 2s 2 part of ive damage, 1sap \!
ly disabling paralysis and also requires live splnting, for which a
. - " T. Y 1. 1 -

o,

Pl to dustrik the available muscle power to its best
advantage, supplemented, where power ss tnsuffictent to move all
the joints, by arthrodesis of those in which stabulity 15 more useful
than wezk movement, notably the wrst joint. An alternatve
arrangement, for use when very little power remains in the long
muscles of the forearm, 1s to use active dorsiflexion at the wrist to
give passive palmar flexion of the digits and oppositton of the thumb
by the resulting pull on shortened tendons crossing the flexor
sutface. The possibilities of tendon transplant n wast and hand
take it important that every ounce of strength be developed tn the
forearm muscles, even though therr potential use may not be
immediately obvious.

PARALYSIS OF MUSCLES OF THE TRUNK

Weakness of the spinal rruscles. In children with weakness of the
trunk muscles the importance of supervision by those familiar
with the ortt dic probl of spnal d from any
cause should again be steessed, since deformuty once inutated
can develop very rapidly, In adults also considerable attention
rust be paid to even munor weakness of the trunk muscles so that
they are not subjected to undue fatigue which can lead to faulty
posture and chronie backache, Gradual increase in sitting, standing
and walking will avoid deformuty and usually obviates the need
for cumbersome support of the spine 1 most adults A few cases,
however, will eventually have to be fitted with a moulded leather
or plastic spinal support 1if they ate ever to learn to sit and walk
2gain,

Weakness of the abdomnnal muscles should simulatly not be 1gnored.
The large area of pported 1 makes the 2bd 1
muscles lal ptible to k so long as even
moderate weakness perststs, and even when thear weakness 1s onl.y
ould these muscles need to be supported unul sufficient tone is
tecavered. It 1s obviously not enough for the pauent to produce 2
g0od conteaction tn the abdomunal muscles for a few seconds while
being examined, he must be able to mamntarn the contraction with-
out fatigue throughout the peniod of situng and standing and 10
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spite of distraction by the need for attention to other weak muscles.
A many-tatled bandage gives sufficient support when the patient
begins to sit up in bed, and reduces the feeling of faintness and
weartness in the early stages of both sitting and standing, If weak-
ness of the abdominal muscles persists, a Spencer cotset — which
also gives useful lumbar support — should be used, and this
can be left off gradually, i . for increasing lengths of time, as the
muscles recover and are developed by exerctses. An adult patieat
is usually himself the best adviser on his need to wear his corset.
Special attentton should be paid to the fitting of an abdomtnal
suppott when there is respiratory impawment; tespiratory cases
usually benefit from a support which gives some counter-push to
the diaphragm, but too high or too tight a support can seriously
interfere with their respiration,

PARALYSIS OF THE LOWER LIMBS

When paralysis of the muscles of the lower limb 1s severe the
disability 1s primarily one of loss of stabrlity, chiefly at hip and
knees and to 2 lesser extent at the ankle. The apparatus required
to correct tstability at hip and knee is a caliper 1 one or other
of 1ts vatiatons, viz with bucket or ring top, with or wlthou'ta
pelvic band, with or without automatic knee jom!:, and th'h
different variations at the ankle according to the particular distri-
button of the paralysis. Similarly, the apparatus required when
paralysts 1s confined below the knee will vary according to the
distribution of the paralysis; a double or single iron with T-st2p
will help to mamtain normal alignment of the foot, and smxh\c
form of toe-ratsing device or block will control drop-foot or the
reverse calcaneus deformuty. dersble

Surgery for paralysss of the lower lumbs forms 2 const ncs i
part of orthopaedic practice Among the commonct Opfﬂhﬂom "

(2) shifuing of the origin of shortened n.xusdes of ft d: tcisor
correct deformity — e.g lowering the upper insertton o c'zh .
fascia femons and long head of rectus femoris in cases Wi p
flexton deformuty. e 2 “back-

(b) osteotomy at the lower end of the femur to give . cither
knee” stability; this operation, to be successful, “qm;thc
restdual power 1n the gluteal muscles or some tightness ©
muscles.

(c) lengthening of the tendo Achillis.

(d) arthrodesis for correction of foot posture.
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{¢) tendon transfers to control ankle and mudtarsal movement,
cither alone or combined with (d), sometimes used pro-
phy!! lly to prevent defi y n chuldren,

Two further probl may arise in ion with paralysis

of the lower limbs; namely vascular disturbances and inequality of

growth of the lower linbs.

Vasculor disturbances, ‘The cold blue appeatance of the limb in
lowee motor neuron paralysis 1s a common feature of poliomyelitis
and in a few cases the vascular disturbance may prove a setious
problem, causing iderable d and, jonally, as
when chilblams develop and ulcerate, considerable loss of educa-
tion or working time ~ All cases with paralysis of the lower Limbs
should be given instruction on how to control the condition befote
leaving hosputal, viz: two or three layers of warm socks, massage,
contrast bathing and the local application of long-lasung rubefac-
tents will often suffice. O lly, t 5 the d
Proves intractable and sympathectomy is necessary the results are
usually satisfactory.

Unegual growth of the lower Jimbs, Relattve shortening of the more
affected Lmb can be a serious problem in children  The relative
Importance of the different factors which cause dimimshed growth
02 imb with lower motor neuton patalys:s 1s aot exactly uader-
$tood, but one can say that the disparity 10 growth between the
t%0 imbs tends to be most marked when the disease is developed
catly, when there 15 2 marked difference 1 tavolvement of the two

bs, and when the soft tissucs are 10 poor condition (contractures
2d poor erculation)

Stnall dispartties in length can be compensated by raising the
shoe on the shortened side to maintain a level pelvis and so protect
the hups and spine A raising of more than an iach, however, can
be quite 2 disability, and a vaniety of procedures are 1n use for
obtaning equal all are h 1 their effect.
Growth can be accelerated an the shorter sde by a bone block
OPeration to increase the blood supply to the epiphyseal plates;
80Wth can be slowed on the more normal side temporarily by
tapling or y epipt dests ( which are
0t free from senons complications), or the actual length of the
shaft of 2 bone on either the affected or the healthy side can be
e d or sh d by . At one time 1t was hoped

1
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that sympathectomy would favour acceleration of growth on the
affected side, but results have not been very encouraging. The fact
that 2 limb not only has poor circulation but also is failing to grow
at the same rate as the opposite side can, however, be regarded 2s an
indication for petformance of sympathectomy in a botderline case,
No di; ion of 2 of paralysis of the lower limbs
would be complete without refetence to the many devices which
patients use for helping themselves to get about. Crutzhes have many
designs; elbow crutches are usually prefersed, but the old-fashioned
axillary crutch, which fell into disrepute because of the develop-
ment of “crutch palsy” can also be useful on occasions, provided
the patient is warned of ths risk. Quadruped and sexped walking
sticks are light and give useful stability, while a walking mackine
running on wheels with an easy brake is useful to the patient with
weak arms and trunk who cannot completely take his weight off,
cither arm. Whee! chair development has improved considerably
in recent years and considerable care should be taken to select the
destgn most suitable to the patient. Particularly the various designs
of ightweight portable folding chairs should be mentioned; they
can be propelled by the patient’s hands turning an extra nm on the
wheels and have the great advantage that they will pack into the
boot of most cats, or onto the back of an invalid chatr. Thezc ate
also useful motor — or electrically — driven invalid chairs; the man
proviso for their use 1s that the patient must have reasonable powet
in at least two ltmbs, of which one must be an upper Lumb. The
same applies also to the use of the band control adaptations of a motor

car.

REHABILITATION AND RESETTLEMENT

The rehabilitation and resettlement of cases with sevete penmEcnt
paralysis 1s an ttegral part of the management of p:]ho.myco 12105:
and one cannot regard the treatment of 2 case of par: )}ﬂc ;; for
myelitts as complete until a satisfactory niche has been foun e
hum 1n hss famuly and society. The social problem of poliomyel "
has increased considerably in recent years due less to thcluscr;:l :
of the disease than to the shift in age incidence. A dm[b? z: s
1s usually more readily reabsorbed than 2 disabled aduft ::il e
family since he 1s anyway 1 some degree dc'pcndcx;t: au’mﬁaus
has no suitable home there are a vatiety of residentral ias v
and schools for disabled children, By the time he has grown up



MANAGEMENT OF PERMANENT DISABILITY 127

will have learnt to compensate for much of his disabtlity and he
will not acquire responsibilities beyond his capacaty. The severely
disabled adult presents a different problem. At this stage in hus bife
he or she may have either no stable home background, or pressing
family responsibiliies. The need for prolonged hospital treatment
and the subsequent permanent disability, perhaps with some
ressdual physical handicap 1n a wage eamner, or in the mother of
small chuldren, can tragically disrupt not only the patient’s own
Iife but that of his dependents and of the more distant relatives
who may rally to their aid. This should be borne 1n mind when
S Ta PN

it m o meaala

for the disease to be most severely paralytic in them 1s overlooked
The bospital almoner plays an essential part in the solution of
the social problems of the disabled case. She advises on financial
and other difficulties caused by a patient’s prolonged stay in hosp1-
tal, and with her specialised knowledge of the likely outcome, she
helps to plan ahead for the time when the patient comes out of
hospital — still perhaps severely disabled, The pauent’s disabality in
relation to hts home must be dered, and mmor mod:
€ g aramp nstead of steps, the placing of 2 handrayl, the widening
of a door for the passage of a wheelchair, or the provision of suit-
able domesuc help must be arranged 10 good time.  Alternatvely
1t may be necessary to sccure the help of the local authonties 1
obtatning new accommodation fot the famuly These arrangements
all need time to tmplement and should be considered well 1n ad-

ENONE SO VAU i

ce.
Constderable tact 15, of course, necessary 1 dealing with these
g e PR .

definite prog of course di y will y
mimimal, when unnecessary anxiety can be relieved at once. In
severe cases only 2 guarded prognosis 1s justifiable; an over-
optimistic onc will only lead to disappotatment and lack of confi-
dence, while a gloomy one may provoke a deep-rooted disbelief
which can be very difficult to deal with later, Such dramatic
phrases as “he will never walk again” of “he will

In the acute stage there 1s no purpose at all in trying to give a
1 T Iy be
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again without help” are never justifiable in the acute stage; firstly,
.thcy are oftcn wrong, and so cause needless misety; secondly, even
if true, it is far better to allow realisation to come gradually, when
the implications of disability are viewed in the kindet — and
truer — perspective gained by sceing other patieats at different
stages of rchabilitation. At first the nieed for even one caliper may
seem a tragedy; later the statement that two calipers will be
zrequired will be aceepted as wondetful news because the patient
is confirmed in his hopes that he may stand and perhaps even walk
again. Therefore, in discussing the patient’s condttion when per-
manent disabdity is anticipated, one fs wiser to concentrate less on
considering the ultimate degree of recovery than on the fact that
many muscles have been severely affected and that recovery must
obviously be slow. In this way the patient and his selatives can
accept that it is necessary to make arrangements for a faurly long
period of hospttalisation, without taking at once the full shock of
the ultimate prognosis; and modifications to the home or housing
to make them suitable to the patient’s return present themselves
less as an acknowledg of p severe disability than
as z means of hastening rehabuitation. Most patients and their
telattves do, in fact, by observing progress themselves, draw theit
own cortect conclusions on the degree of possible recovesy and
adjust their hopes accordingly. Oceasionally one meets the parent
or marage partner who will not face the obvious facts; but they
arc rare, and this attitude may, in 2 particular case, be for that indi-
vidual the oaly possible reaction to what would otherwise be an

intoletable sttuation.

From the resettlement aspect patients fall into three groups:
1. The cbld of pre-school age; for hum 1t is necessaty, wherever
possible, to work out plans for his care at home. Ample notice
should be gtven of his discharge so that any necessary modtfication
in the family Lfe can be made smoothly. It is important to iduce
in the farmily the right attttude from the start; thus the child nccdds
extra care and attentton, but at the same time he zqustb: encourage:
to gatn as much independence as po‘jsxblc; “h is :)J,SL; cs;l):;:;crt;n::
inst allowing the othe: ot
nCCESsafy to watn the parcnts agz.m bkd Chfd. A dnld‘ who is i

actifice i f a di
be s: d to the interests of a b::_ll e e hape s siblings 1

hospital for long periods should
visif’ors so that they do not regard him as a stranger when ﬁ:a“Y{h:
returns home. The same is, of cours, true for any member of
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family, and children should also be allowed to visit their parents,
however severely disabled, 25 soon as the risk of infection is past
and the patient’s condition is iently good. It is kabl
how easily children will accept their parent’s disability and chatter
quite unconcernedly even to a patient in a tank respirator.

2. Fot children of schoo age the provision of adequate education
is of pume 1mportance stnce the severely disabled child will need
the best education he can get to compensate for his disabulity.
Whenever possible he should attend the school he would normally
attend, and it 1s worth allaying the anxiettes which teachers may
feel regarding the dangers to a disabled child of a rough play-
ground, Preltmunary announcement to the other children that they
are s00n to be joined by a disabled chuld as normal as themselves

UV T A .

T mmins Vg e

Falls should be regarded as normal and be aceepted without
alarm by teachers and children,

For a child who 1s too severely disabled to be independent 1n
feeding, dressing ortotlet, of who lives too far from his local school,
or whose parents cannot afford private fees, the chotce lics between
home education and a residenual school for physically disabled
children, through the Loczl Educauon Authonity, the deaision betng
mnfluenced by both the patticular home conditions and the child’s
abiliuies. As these disabled chuldren reach adolescence thei future
training for employment must be considered well 1n advance so
that tme 15 not wasted waiting for a vacancy ia the selected trainung
centre,

3. Ta the resettlement of adults the first need is to develop the
personal independence; and in this the omwpational

therapist wnll give wvaluable help Eating, dnnking, shaving,
dressing, page-turning, writing and typing may all have to be
felearnt and the occupatonal therapist can contsibute by helping
the patent — decreasingly — and by advising and supplying
the necessary gadgets required by the particular distrbution of
pafalysts It 1s often astonishung how the most unpronusing
fesidual innervations can be made with perseverance to perform 2
few essentual functions, provided the patent can have the necessary
help from an expenienced occupational theraptst dunng freatment.
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again without help” ate never justifiable in the acute stage; firstly,
they are often wrong, and so cause needless misery; secondly, even
if true, it is far better to allow realisation to come gradually, when
the implications of disability are viewed in the kinder — and
truer — perspective gained by seetng other patients at different
stages of rehabilitation. At first the need for even one caliper may
seem a tragedy; later the statement that two calipess will be
required will be accepted as wonderful news because the patieat
is confirmed in his hopes that he may stand and pethaps even walk
again. Therefore, in di: ing the patient’s condition when per-
manent disability 15 anticipated, one is wiser to concentrate less on
considering the ultimate degree of recovery than on the fact that
many muscles have been severely affected and that recovery must
obviously be slow, In this way the pattent and his relattves can
P r
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to make them suitable to the patieny’s return present themselves
less as an ack Ted of f severe disability than
as 2 means of hastening rehabilitation. Most patients and their
relatives do, in fact, by observing progress themselves, draw their
own corect conclustons on the degree of possible recovery 20d
adjust their hopes accordingly. Occasionally one meets the pateat
or marriage partner who will not face the obvious facts; but they
are rare, and this attitude may, in a particular case, be for fhzt indt-
vidual the only possible reaction to what would otherwise be 2a
intoletable situation.

From the tesettlement aspect patients fall into three groups:

1. The cbild of pre-school age; for hum it is necessary, whcrctvcz
possible, to work out plans for his care at home. Ampleﬁnoﬁlcn
should be given of his discharge so that any necessaty modi md uoce
in the family life can be made smoothly. It 1s important "(l,dm e
in the farmily the right attitude from the start; thus the child 2 ]
extra care and attention, but at the same time he must be cncouﬁag -
to gain as much independence as possible; it is also s}?illndexe:to
necessary to warm the parents against allowing the other dc bo b i
be sacrificed to the mterests of a disabled child. A Cgl ';:liﬁgs s
hospital for long periods should be allowed to have hs Slﬁmﬂy be
visitors so that they do not regard him as a stranger wnent e ofa
returns home. The same is, of course, true for any mem



MANAGEMENT OF PERMANENT DISABILITY 129

fanuly, and children should also be allowed to visit their parents,
however severely disabled, as soon as the risk of infection is past
and the patient’s condition 15 sufficiently good. It is remarkable
how eastly children will accept their patent’s disability and chatter
quite unconcernedly even to a patient in a tank respirator.

2. For ehildren of school age the provision of adequate education
is of prime 1mpostance since the severely disabled child will need
the best education he can get to compensate for his disability,
Whenever possible he should attend the school he would normally
attend, and it is worth allaying the anxicties which teachers may
feel regarding the dangers to a disabled child of a rough play-
ground. Preliminary announcement to the other children that they
ate soon to be jorned by a disabled child as notmal as themselyes
except that his legs or arms are weak as 2 result of recent illness can
provide the requistte backgrouad. The child will be absorbed into
the school life with benefit to himself and often to hus schoolmates.
Falls should be regarded as normal and be accepted without
alarm by teachers and children.

For 2 child who 1s too severely disabled to be mdependent 1n
feeding, dressing of totlet, or who hves too fat from his local school,
or whos: parents cannot afford private fees, the chorce lies between

home ed and a di 1 school for physically disabled
duldren, r.hxough the Local Educzuon Au!hnmy, the decssion beng
d by both the f home and the child’s

abnltties, As (hcsc disabled childsen reach adolescence their future
training for employment must be considered well in advance so
that time 1s not wasted watting for 2 vacancy in the selected trainung
centre,

3. In the rcsmlcment of adul/; the first need 1s to develop the
personal and in this the ecxupational

therapst wtll give 1nvatusble help.  Eaung, drinking, shaving,
dressing, page’turming, wnting and typing may all have to be
releamnt and the ocewpational therapist can coneribute by helping
the pattent — decreasingly — and by advising and supplymng
the nccessary padgets requited by the particular distribution of
pasalysis It 15 often astonishing how the most unpromusing
residual innervations can be made with perseveraace to pecform a
few essential functions, provided the patient can have the neeessary
help from an expertenced occupational therapist dunng treatment.
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The occupational therapist ¢ pletes her work by helping with
advice on gadgets and other apparatus for use in the home, e g
overhead runners to support the arms of a housewife in the kitchen,
lazy tongs, f:onversion of the telephone, the correct placing of
electrical switches and taps, the alteration of tap handles, and nu-
merous other minor aids which ean make the difference between
partial and complete independence.

For adult patients beyond this level the question of future em-
ployment is important, Contact with the patieat’s former employer
will sometimes provide an answer, since a different job withtn the
patient’s new limitations may be found in the same firm, This is
usually the most satisfactory solution since the patient fs already
Bl 40 dde ebnbsn €l fontead oo L recovers he may

sloyment with the
snsidered.  Here
. ' . Officer should be
enlisted to discover an employment which is available in the
neighbourhood, is congenial to the patient and 15 within his
physical limitations. Factors to be considered when choosing a
new type of employment are not only the patient’s capacity to
perform the actual work, but also the likelthood of the working
conditions being ble; e.g. ble warmth for a sed
patient, toilet and canteen facilities, absence of steps, and space for
a wheel charr,

A prelminary pertod 1 2 rehabilitation centre oftcn.hclps to
bridge the gap between hospital and training centre o industey;
though too often these centes demand physical agility and indepen-
dence beyond the capacity of patients with poliomyehtis who are
none the less pesfectly able to hold their own 1 actual employ-
ment, and there 15 still room for ymprovement in this Beld,

In England there are a number of training centres run by th:_
Minstry of Labour, as well 2s ptivate ventures for the benefit o
the disabled. One can quote the If}fxd Mayor Txclosa;l :‘::;;1;5
College at Alron, Hampshire, giving three-year course:
of mé:lcs to boys agcdpfourtccn to exghteen; the Queen Ehzz}b.cth
Traming College at Leatherhead, Surrey, and St. Loyes ’{"mmnug‘
College 1n Excter. giving three- to rwelve-month couties or md
and women; and the Portland Traming College at Hatl °,de°° -
Nottingham, Finally, for the patient who is msuﬁiac.n!illyl’ in ;Pfﬂxk
ent to be accepted at thesc centres there is the possib thtxy © :‘:)hc
at home, either independently or as a home-worker througl
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Fig 262 The Watson-Collins hoist sn use. W ith tes lilp a completely
paralysed patient can be hfied off the bed for nursing and transfe
from bed to chair or bath by one person, who attaches the webbing,
winds the winch and manceuvres the patient by his feet

(Reproduced by courtess of Nursing Mirror )
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Remploy Scheme. The Remploy factories themselves also take
workers who cannot compete in open industry, but they are not
tesidential, There ate a few residential homes where the patient can
feeetve some nuesing care and also go out to work, but 1 this field
‘l’bcrc 1s stull room for development, patticularly to provide facilities
o PRI Taen iated Lomden -

bam, Surrey; and Cripplecraft, Hemne, Kent, meet the need of some
patients requiring sesidentral care as well as work 1n sheltered
conditions,

The rehabill and 1 of cases with poliomy
involve much ingenuity and determmation on the part of the patient
ind hus famly and the staff concerned. The work is, however,
rewarding, and well worth while. These patieats tend always to
mprove rather than to detertorate phystcally, pam is not a feature
of their condition; they do not have to fear relapses; and they do
a0t usually have to contend with general ill-health; they may get
chilblains from the poor arculauon, but this complication can be
controlled (see p 125). Even ex-respiratory cases, once they have

med to manage upper fe have fabl

little need to be off work, Difficulties 1n gettng fo and from work

ate rately insuperable, and 1f the paticnt has been persistent enough
to retrain and be resettled he can be expected to hold hus own and to
ncrease rather than decrease tus range of activittes.

Even the most severely affected pauents, who are completely
dependent on others can contribute quite remarkably to their
famulies, and the children of a completely paralysed father or mother
S¢em to thrve n the resulung closely-knit famuly hfe. Wherever
pessible apparatus should be provided to enable these patients to be
tansferred to a chaie in the daytime — wathout physical strain on
these elations (see the hoist 1n Fig 26) since in a wheel chais the pa-
tient’s, and consequently the famuly’s, honzon 1s usefully widened.
la addition restdual powet 1n the upper limbs can be used opumully
in the upnight sitting position which 1s so often impossible 1na bed.

ith steady 1mp i curass develop few, 1f any,
Patents should require to remamn permancatly dependent on
A tank respirator, and the nced for the smaller cuirass of Bragg-Paul

of respirator should not prevent a patient returning to 2
fuitable home,




BIBLIOGRAPHY

1. UnpERWOOD, M ™A Treatisc on the Discases of Children” (Vol. 2). London 1789
2ad Edion

2 A G B hirurgi Ed. 2, 1813

3 Suaw, J. “Distortions of the spinc and bones of the chest” London 1823,

pE B “De JEl " Localisée.” Paris 1855.

5. von Heme, Jacop “Spinile Kinderlamnung ” 2nd Edition Stuttgart, 1860

6 Bery, Charzes “The Nervous System of the Human Body.” Edmburgh ang
London. 1838,

7. Conxer, G “Paralyss in teething children” Am. /. M 3¢ 1843, 5, 248

8 Tavion, C. F. “Infantle Paralysis sad ns Attendent Deformicies ¥ Philadelphis,
1867,

9, World Health Organisation “Eprdemiol, and Vital Statsst. Rep ” 6, 87. Geneva,
1953,

10, Saprv, A B, “Epidemiologic patterns of poliomyelitis 1 different parts of the
world  Papers and d of Ist lomyelts Congress:

Phuladelphia 1949,
11. Lasszy, H C. A Report of officual Delegate to 3rd Internationa) Poliomyelts
Congress Phladelphsa. 1956
12 World Health Orgacusation “Epidemio] and Vital Statist Rep,” 6, 87, Geneva
1953
13, Aoaws, | D et al “Poliomyelitls tn the Arctic.” Can, 5. A. ] 61, 339. 1949
14 Gear, ] H S. “Poliomyelitis n the vader-developed areas of the world " 1

Poliomyelitis - W.HO Geneva 1955,
15 Paur, J.R de of hits™ jn lins - WHO Geneva
1955,
16 Broww, G C et al “Studes of distribution of the poliomyelius virus* the virus
TNt L Tt ef e Feae A6 R7 21 1948
. . + Feontaet
: ayebs®

19 Craske, ] H C “Acute poliomyelits tn Kesteven, Lincotnshise, 15v, * Mdicel

Ofur 86 171 1951, e
38, 1945
22 Brapier, W. H In Papers and Discussions of 2nd Tntemational Conference on
1952.
Pohomyelitss Phuladepbia 195 Cod 35 A J. 50,356

23 Spverrronnz, N et al “Non-paralytic poliomyelitss™s
1949 “Stucies on poliomyelitis 1 Ontano™ ditto. 64, 241, 195
68, 439 1953
24 Braouer, W. H Sec 22,
25 Braoiey, W H and Gate A H “Poliomyelits ;;d;ol;:m‘;p:shns.baspml
B s Hedlth, 7. .
e B am o pobomyelis 0 mockes

0, 64, 309 1951;

“The transmiss'

I is from
: _ansing strain of poliomyelitis
: b Rep. Washungton, 34, 2302. 1933



BIBLIOGRAPHY 133

28, Enness, J F. et ] “Cultivation of the Lansing stram of poliomyebts virus in
cultures of vatious human embryonic tssues.” Saence 109, 85. 1949.

29 Scuenen, W F. e al “Studies on the propagation s mtre of poliomyebiis viruses
IV, ] Exper. Med 91. 695

30 Commutcee on Typing of the National Foundation fot Infanule Paralysis “Jmmmu-
sologic Clssification of Poliomyelitis viruses,” Amer. J. Hyg 54, 191, 1951,
3, 52 1953

31 Tuwen, T B et sl “Age inadence and seasonal development of neutralising
snubodes to Lansing pollom):lm: virus * Am J Hy 52, 323. 1950

2. Par, ) R lins - W.H O, 1955,

Korrowsxt, H "]mrmxmsxuon of min w1t lving poliomyelits wirus” m

Poliomyelius - W HO Geneva 1955

Wenwes, 1. A and Tz, W A “Poliomyelits in familics atacked by the

disease, Distrsbution of virus 1n stools and otopharynx of members in households™

Awer ] B Se 216, 258 1943,

35 BoviaN, D snd Parrensarcea, R § *Poliomyclitis infoction in households
Frequency of virsemia and specific antibody response ™ Am J. Hyg 60, 83.
1954

-2

ES

Sanrv, A B and Wanp, R “Distribution of virus 1 nervous and non-nervous

nisues  / Exp A 78, 711
. Gux, ] H sources of Py

of 20d lmemzuoml Pohomytlxm Qynf(mc: ‘Philadelphia |9sz

Brit, E ] “The relation between the antipoliomyelitis properties of human
nasopharyngeal secretions and blood serums * m ] Lye 47, 351 1943
Monrean, T M “Mechamsms of immunity w poliomyelins ”* Papers and Dis-
cussions presented at the 1st Intermationat Poliomyelstis Conference Philadelphia
1949

Pat, J R, ct al “Survey of neutrabising anubodies to poliomychtss irus 1
Cairo, Tgype™ Am J Fiyg 55, 402 1952

Patt, ] R and Rionnan, ] T “Observauons on scrological epidemiology ™
Am J Hyg 52,202 1950

Meinick, ] L. and Leomvko, N “The development of neutraliung antibodics
#gainst the three types of poliomyelius virus dunng an epidemic penod ¥ 4o
J Hye 58, 207 1953
4 Buaveer, W H Medical Offcer 1955

Easen, 1K *“The pathopencsts of poliomgelits ™ Springfictd, Tilnery

45 Prreason, L. J e af “Vaccwmation-tnduced pobomyelits 1n Idabo "/ 4 Af 1
139, 241

]

-]

&

=

&

+

46 Booun, D “A X of the of " Awer f
g 58, 414 1952

47 Bobuax, D and Cuarsrriann, M “The nise and decline of poliomychis virus in
infected nervous wssue ™ Am J Hyg 45, 226 1947

48 Srori, M and Garenoeac, M “Passive immunisison in relation to mulerple

© @es of poliomyrhus tn bouschold ¥ New Eng J Med 171, 249

Gerrex, D et a) “Pobomyelins following noculation & rurvey of 29 children.™

Lawer, 11268 1953

50 McCiosxey, B P “Relstion of it 0 onset of poluraycl

" Lawes, 1. 659 1950

Zosnw L. and Tioosts, G “Pobomyelits i French Oceana.” Amer f g 57,
7 1953




AN
134 HANDBOOK ON POLIOMYELITIS'

52. Truzra, J. “Physwological mechanisms involved s the Jocalisaton of pacalysns
Annals of New York Academy of Seionces, 61, 883, 1955,

53 Medical Research Councdl “Poliomyelitts and tonsillectomy,” Lanet 2, 5, 1955,

54 AwpersoN, G. W. 2nd Ronpeay, ] L. “Abscnce of tonsds as 2 factor in the
development of bulbar poliomyelitis ™ J.AM.A, 155, 1123 1954

55. Leviuson, 5 O. et al “Effect of fatigue, chilling 2nd mechamical tranma on resise-
ance o experimental poliomyelitis 7 Am. J. Hyg 42, 204, 1945,

56 Russexct, W, R, ““The pre-paralytic stage and the effect of physical sctivity on the
severity of panlysis.”” B, Af. J. 2, 1023 1947

57. Wanstem, L. etal “The relation of sex, pregnancy and menstruation to susoepti-
biliry to poliomyeltis” N Eng J Med, 54, 245, 1951,

58. SrvertoN, M. J “Poliomyelitis in Rye and Bnvirons 1a 1952 Medical Offer,
90, 245

9. Swavrrmice, V. snd Ouwstep, C. “Cerebral polomyelns mn early infancy.”
J Ner Newrosrg and Pyeb. 15, 13, 1952

60 Estere D Miquet, R. “Polomyeltis” 1 “Tratado de las Enfermedades
Infecciosas en Ja Infinesa.” Barcelona 1955 X

61. Sanm, A, B, “Immunity 1n poliomyelius, with specral feference to vaccinauon.”
1n Pobomyelis = W.HO. Geneva 1955,

62 Korrowsey, H, “Immunisation of man with living poliomyelis virus.” ut
Poliomyelitis - W.HO Geneva 1955.

63, Savx, J. “Active immunusation against poliomyelins * J A M.A 151, 1081, 1953,

64, Fraxcts, T. “Evaluation of the 1954 poliomyelitis vacaine ficld tral.” JAM.A.
158, 1266 .

65 Kosx:nowsxx, H. ct 2] “Immuge response 1n human volunteers on oral administea-
tion of sodent-adapted strain of poliomyelitts virus (Lansing type)” ./ Fire
55. 108 1952. ) -

66 Satx, J “x in th ion and use of p virus vaccine
J.A B.A 158, 1239, 1955 ;

67. Booua, D, “Poliomyelitss antibodics in gamma globulin.” Prov, See. Exp Buo
NY) 72, 259, 1949 N s

68, Bovuaw, D. “Esp 4 immunisation against
Am ] Hyz 54 132 1951

69, HAm{UN, W McD et al “Evaluation of Red Cross gamma globulin as 2 pro-
phylactic aganst poliomyelins.” J.AMA 151, 12121953

70. Hmneon, W. McD passive. immuni o p
1n Poliomyehus - W.HO Geneva 1955

7t Buuxe, A M and Penxvs, J, B “Ireatment of polomyelies Sth g1
globulin.” 7 AM A 129. 1146 1945

72 Fumown, S and Avoss, H L. “The passage of neuts
blood 1010 the cerebrospinal fld a0 poliomyelitis.” J.
“The relation of the mennges and cord pressute to polomyeliue

Exp Med 25, 525 1917

7 {:sznik. s m?:\noss, H L “The passage of ncutralising lubsl’z’n/E”EfY’;’; 1?;
blood 1nto the cerchrospinal fluid in actively immunssed mankeys ™/
28, 11 1918 950,

74, Micustry of Health Anoual report of Chef Medical Offier of Health for I
HMSQ 1951 o™ 1953,

75. A M “Epidemic Titss and fts p "”;{,’;S’No 1.

76 W.HO Expert Commuttee on Poliomyehus st Report Tech, Rep

the
ralising substances from

, Med 25, 499 1917
B 2 ,mfmon."




BIBLIOGRAPHY 115

71. Pavar, A M-M. “Public Health measures i the control of pohomyelins
in Pobomyelts — WH.O Geneva. 1955.

78 Jacosr, N M. “The treatment of bulbar poliomyehus 1 childsen” Lancet 1.
1218 1953

9. Srorr, F. D “The laryngeal mucrophone s 4n sid to treatment of bulbar polio-
mychus * BAJ 2, 1414 1953,

80 Lassey, H C. A.“A preliminary report on the 1952 epidemnc of poliomyelitss n
Copenhagen” Lener, 1, 37, 1953

81, Craupron~Sum, A, et sl “Artficul respiration by intermirrent posstive pressute
1 poliomyelitns and othet diseascs * Lances 1. 939, 1954

812 McCorp, W ) etal. “Poliomyelitss in pregnancy ** Amer J Obster Gywee 69,
265 1955

82 Lover,R. W, “Infantile parafysis n Vermont ” State Dept. of Public Health, 1924

83 Garey, W, “Importance of fest 1n the treatment of early convalescent pobio.
myeus " Aw J. Dis Ch. 83, 4 1952

84 Ssurmanp, W. J. W. "Muscle recovery in poliomyelitns * Jour Bome Jt Swrz 37,
1363 1955

85 Daxcus, H. D “A strain-guage dynsmometer for measuring the strength of
‘muscle contraction and for re-educaung museles * Ame Phys. Aled 1, 163 1953

8 Delonwe, T L. tnd Warkms, A B “Progressive Resistance Lzerase ™ New
York 1951,

87 O'Brry, W, A €2 al “The snaestbessologut, the poliomyebus team and the
esprator * fLA A A 156, 27, 1954

8 Cowrvs,§ D “The incidence of p Litis and rded
in family surveys " Public Ilullb Rep, Washingron 61, 327 1946




INDEX

A,
Acxessory museles of respiranon, 70, 112

Aerdosis, 58,
Asute pofyoneuntis in diferential disg-
nosis, 36, 37.
Age madence, 1, 126,
Afrway - mamtenance of a dear, 58.
signsofobstruction, 59, 74, 72
Alkalasis, 58,
Atmonet, 127,
Anoxia, 58,
Aantiblotics, use of, 54, 81, 117,
Anubodies
estimation 11 diagnosis, 33
hical distib 12.

Cerebrospinal find, 32, £2
Chulblamns, 25, 125

Chrone poliomyelius, 1,
Circulatory disordets, 25, 125,
Colner, 2.

Complement fixation test, 33.
Constipatian, 54, 55, 112,
Contractuzes, 23, 24, 25, 48, 49, 54, 10
Congh, 31, 59, 61, 116, 117, 118.
Crpplecrafe, 131

Cross-infection 1n bospal, 38
Crutches, 126,

.
Definition, 1, 27.
Def 24

in blood, 11, 12.
10 central nervons systemn, 11, 12, 16.
10 cercbrosplnal fluid, 11, 12, 16
1 gamma globulin, 40.
in pharyex, 11, 12.

Apphances, 120

Atclectasss of lung, 25, 57, 71, 74, 76, 81,
8

Anstealia, 3

Autopsy findings, 57,
B

Bablke and Perlans, 42

Beds, 62, 63.

Bell, Chss, 2.

Benadsy), 114

Biochemical changes and control, 58, 73,
74, 77, 78.

Bladder, paralyss of, 45, 54

Blogd-brain barner, 12, 16, 41, 42

Blood pressure, 32

Blood cxzmmanon, 32, 58, 77, 78,

Bowel, paralysis of, 45, 54, 55, 111

Breathing tests, 70

Bronchial dijators, 84

Bronchoscopy, 74, 76, 82, 118,

Bulbat poliomyclnss, 18, 57, 95

Balbo-spual cases, 57

Brunhilde type of polio vizus, 10, 12.

c.
Cacbon dioxde, 38, 113

Denervation changes i musdle, 21, 23

25,
Diagnostic tests and signs, 28, 31, 32, 33,
Diaphragm, 62, 95, 111,
Dret, 55
Differential dugnosss, 33,
Disability rate, 8, 119
Diphtheria immunisation, relation to
poliomselias, 17.
Diphtherna in duffercatt dragnosis, 3.
Disinfection, 9,
Disposal, 37, 4
“Double event™ esses, 17,
Duchenne, 1.
Dyaamometers, 99
E.
Electncl stumulanon of muscle, 108.
Employment, 130,
Encephshtis i differentiat diagnoss, 35
Endotracheal tube, 74, 82, 83
England and Wakes, 1, %, &
Epidemic discase, poltomyetivs 3s an, 1,
3, 6, 10, 13, 42
Epsdeniclogy of paomyelss, 1, 3, 6.
Egqupment ~ se¢ alsd sespreataes, 62,
Exercse, 18,
‘Expectorants, conteundicated 1 polie,
118

Faeces, vuus n, 9, 1h 15, 16

{136)



Faradism, 68,
Faugue, 88, 89, 107,

Fever precaunions, 38, 43, 45.
Finsoeul difficaltics, 127
Flexner, Sumon, 9

Flies, vires I, 11.

Flud replacement, 73

Foctal death or abnormality, 85.

G.
Gamea globulin, 40, 41, 42, 4§
Gastro-intestinal disorders 1n differential
dugnosis, 34
Growth abnormalines, 25, 125

H.
Haldane, 69

Huwrnal review, 1.

Housts, 131

Hospital admusiom, 38

Hot packs - see Kenny Trearment
House and housing, 127, 128, 130, 131
Humideation of, 67, 82, 83, 115,

L
Immunisation - seuve, 19, 39, 85,
passive, 19, 39, 40, 41,
85, 86
Fumsation procedures s precpitat-
ing factor, 17, 18
Immaity (see lnubodm),9 10,12, 86
Tncdence in Al
nemn, 4
Cmads. 5
pentiagen, 4
Lnghnd and Wiles, 2, 8
Exlimos, §
India, 1
Taly, 1
Mil, 6
Minnuus, §

Incubation peniod, 16
'"’mﬂ"ry. 11, 13, 35, <2, 43, 44, 45
Infacnza n disferental dugnonis, 1

INDEX 137

Influenza vaceine, 117,
Intubavion of traches, 74
Irmtating injections 23 precipitating factor.
14,17, 18
3

Jounts, passive jownt movement, 51, 52.
dislocation 52

E.
Kenny treatment, 52, 53, 101
L

Labonatory tests for dugnosss, 32.
Lactation 43 precipitatiag factor, 14, 44,
8.

Lanung type of wirus, 9, 10, 12.

Larynx, obstrucuon of, 60, 63

Leon type of nirus, 10

Lord Mayor Trcloar Trauung College,
130

Lovert's grading of musele powtr, 93

Lower bmb paralyys, 124

Lumbar puncture, 32

Lungs, patbology, 25, 57

Lymphadenius, 10 differentil disgross
35

M

Major ilness, 27, 29, 34
Measles, 12.
Medical Research Counal grading of
muscle power, 98
Menunges and merungram, 20, 24, 26, 28,
34, 35, 37, 45
Munustry of Labour Training Centre, 130
Minor iliness, 27, 33
Monkeys, tn study of poliomyebus, 9
Morulier, 8
Motor car adiptation, 126
Motor churs, 126,
Motor uaur, 21, 23
Mauscle chares for recording power 95-7
contracrurs, 23,99, 100,120,124
fibres, 21, 22, 23
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