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PREFACE TO FIRST EDITION

‘THE writer has during recent years been concerned with several
research projects connected with poliomyelitis, and has come to
feel that there are advantages 1n suneying some of the problems
presented by this disease from outside the main ** battle areas ",
There are several varienes of specialist handhing these cases, and
1t seems to be no one's task to study the disease as a whole, or to
organize improsed methods of d and research.
It may be helpful therefore to review some of the many aspects
of poliomyelitis m the light of current knowledge. This makes
1t evident that there 1s a special need m thus disease for the
scientific assessment of new methods of treatment which may be
advocated from time to time One of the chief purposes of
writing this book, for example, 15 to emphasize that the value of
the various methods of handling paralysed muscle can be sub-
gected to simple physiological tests, so much so that there 1s no
excuse for perpetuating indefinitely the grossly differing plans
for treatment which are now practised

It 13 evident that the existing arrangements mn Britain and
also in other countries are madequate to meet the requirements
of either major epidemics or of sharp local outbreaks of the
disease It 1s felt that a general review may contrbute to an
understanding of what 1s needed to 1mprove matters

This book attempts therefore to provide mformation and to
comment on many aspects of poliomyelrtis which it 15 hoped
will be helpful to those who are already interested in the disease,
The writer is very much aware, however, that m certain respects,
such as those concerned with the recent virus researches and
epidemiology, his comments must appear to be amateurish and
out of date to the expert 1n these fields

A few references are given 1n the text, but no attempt can be
made to do justice to the vast literature of the disease, which
may be conventently referred to in the Bibliography (1949) and
its supplements published by the National Foundation for
Infantile Paralysis

T am indebted to the Editors of the British Medical Journal
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CHAPTER I
INTRODUCTION

THERE is evidence that poliomyelitis occurred in very ancient
times, but the disease only became a well-established chinical
entity in the later decades of the nineteenth century, The names
of Hemne and Medin are specially connected with elucidation of
1ts chinical and epidemiological features.

The textbooks of sixty years ago give some excellent accounts
of the disease. Thus we read in Gowers' textbook (1892,
p 351)

Acute Atrophic Paralyss ; Acute Anterior Poliomyelitss ;  Infantile
Paralysis, Essential Paralysis of Children

Acute atrophic paralysts 15 a disease in whch voluntary power 1s
lost 1n the course of a few hours or days, and n which some of the
paralysed muscles undergo rapid wasting while others recover  The
onset of the palsy 1s often preceded or accompanied by mdicatians of
general disturbance. 'The muscles which waste usually remam weak,
of thetr opp. leads to distortion of the

an
paralysed timbs

Tue Vires

The of pol litts was d d by Medmn
when he studied the epidemics 1n Sweden of 1887 and 1895
Later a spinal cord emulsion from fatat cases was used successfully
1o transfer the infection to monkeys, and since then, the science
of virology has developed 1nto the enormous research effort now
m existence  No attempt will be made 1n these pages to pay
adequate tribute to the many screntists who have contributed to
knowledge regarding this disease, and for thts purpose the reader
1s referred to the Bibliography of Infantile Paralysis

Three distinct types of human poliomyelitis virus have so
far been identified by their immunological properties These
are named * Brunhilde " (Type 1), * Lansing” (Type 2) and:
“Leon” (Type 3), and these viruses are among the smallesty
known, measuring 10-30mpe  The viruses may live in the human

x




2 INTRODUCTION

alu{lcntar)‘v 'canal for long periods, and during epidemics of
pohorpyclms they can be recovered from sewage. Carriers of
'!he virus are likely to contaminate their hands and thus spread
infection to food. TFurther, it has been found that house-flies may
carry the virus during cpidemic seasons  In general, therefore,
the spread of the virus depends on poor hygiene, but direct
droplet_spread of infection may also be important.

One might have thought that with improved Public Health
Services the disease would become less common, but unfortunately
the reverse seems to be the case, for the least hygienic countries
have less paralytic poliomyelitis than have their up-to-date
counterparts. The cause of this disconcerting state of affairs is
uncertain, but it seems probable that in the less hygienic countries
the newly born infant is first p d by itted i j
from the mother, and as direct infection is inevitable soon after
birth, immunity is built up safely during the early months of
life (Paul et. al., 1952). On the other hand, infants born in the
relattve cleaniiness of modern civilization may live for many years
without d ping i ity to strains of the virus,
and we must therefore face the fact that a proportion of our present
population of all ages has little or no immunity to dangerous
strams of poliomyelitis virus,

The current opinion regarding poliomyeltis is that it is
primarily an infection of the af v canal, and 2 i
infection which affects a considerable proportion of the population
durmg an epidemic, but in relatively very few cases causes
paralysis. A large proportion of contacts without symptoms are
found to be excreting virus tn the stools

Poliomyelttis viruses are highly resistant to chemical agents
such as d and most disinf In infected stools
left at room temperature the virus may remain active for several
imonths if not allowed 1o dry ; and is most easily rendered inactive
by heat above 60" C (W H O, Report, 1954).

PARALYSIS AND POLIOMYELITIS
~Poliomyehitts is a very mmnor illness i the abortive * form,
and even when menmgitic symptoms develop there may‘bc quick
recovery without paralysis (non-paralytic form of the disease).
 The stages of the discase are descnibed on p 16
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In the dreaded paralytic form of the disease, however, the
virus exhibits some very remarkable charactenisucs By far the
most tmportant of these 1s 1ts unfortunate affinity for motor cells
in the bram and spinal cord {motoneurones) {Figs. 1, 2, 3 and 3).
Sometimes tn the acute stage there has been evidence of other
tissues, such as muscle, being imvaded by the virus; but the
mvolvement of other cells and tissues, if 1t occurs, is of relatively
Intle importance, for tissues such as muscle can regenerate,
For example, in Coxsackie virus infection in mice (Melnick and
Godman, 1951), necrosis of muscle 1s followed by regeneration
and full recovery of the muscles concerned  On the other hand,
a nene cell once destroyed can never be replaced. Bodian
(1948) has counted the anterior horn cells surviving after the
disease as 1t occurs i monkeys and man, and has shown a clear
correlation between their number and the seventy of paralysis
He found, for example, n monkeys that 2s much as a third of
the motoneurones to a mb may be destroyed without there
being any detectable weakness. When, however, there is very
severe or total paralysis, over go per cent of the anterior horn
nerve cells to the paralysed limb have disappeared. In other
grades of paralysis also there was a close correlation between the
seventty of paralysis and the number of motoneurones destroyed

Patiway oF INFECTION TO NERVE CELL

There 15 uncertainty as regards the route of infection to the
motoneurones n the spal cord or brain (see Bodian, 1952).
1t 1s generally thought that the virus must gain entrance to the
body via the nose and alimentary tract (pharynx or bowel), but
how 1t gets to the motor nerve cells 1s not certam.  In the experi-
mental animal, 1t has been shown that the virus can be made to
travel from muscle to spinal cord or to travel up from the cut
end of 3 nerve to the spinal cord.

It has for long been known that the virus multiphes in the
alimentary canal and the nerve cells, but recent achievements
1n growing 1t 1n tissute culture suggest that the virus may multiply
n many bodily tissues  Further, the recovery of the virus from
the blood stream after infection by the oral route (Horstmann,
1952) suggests that the blood stream may provide 2 direct path-
way for the virus to the central nervous system  Thus is a matter
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6 INTRODUCTION

af rrans meanetolt f -

are therefore great hopes that the r:ur\rem :x}aexyifn‘;nts ‘\lvl:l:
active i n ization may be ful (see Chap XIII).

The virus apparently enters the nerve cell seseral days before
the onset of the major illness with meningitic symptoms {Bodian
and Howe, 1945), and even in abortive cases the virus may still
have invaded the nervous system (Horstmann, 1947). It seems

Fi1G 3 —The spinal cord from a case of severe spinal poliomyeliis
(death 5 weeks after acute illness) compared with a corresponding
part of a normal spinal cord (left)

that the onset of ingitic symp corresponds to a highly
dangerous phase of virus multiplication within the nerve cells.

Thus, the viruses which cause pohomyelitis have several
barriers to overcome before they can reach the spinal cord, but
even after entermg the nenve cell, they may still be resisted so
effectively that no paralysis occurs~

The d of the itic phase before paralysis develop
varies within such wide limats (from about one day to two weeks

S .

PR T



o 2a7Iow P02 tmuids a1 4o ssol £q pasnsa miautop 3 uiou 3o uonsua tusp
203 Barso watedwnn pus uniy aue aagy 24309 ‘(51001 L10suss 3 18 sge va pun samsg

¥ PO Aion sie (1g) vioos sorouw gy
s Cworjad
b3 Bpne) puv s1oar aaray 4

PI02 PG — () pue (g) (o) + o1g




8 INTRODUCTION

ho\'ers'bctwcen the allowing of complete recovery and the causing
of 2 disastrous paralysis 1n 2 way that is highly disconcerting te
the physician.

T.his uncertainty 1s reflected also in the wide variation in the
duration of the incubation period. Taking this 2s the interval
pctween exposure to the virus and the development of the major
illness the incubation period may vary from three days to five
weeks (Horstmann and Paul, 1g47).

A Few Criticar. Hours or Davs

The liability to motor cell destruction is presumably influenced
by the total dose of virus and its type and by the patient’s immuno-
logical state, but the curious uncertainties of the chnical course
force attention on the possibility that the physiological state of
the host and his cells play an important réle in deciding the fate
of the motor cells. For example, it is well known that neither
the severity of the meningitic symptoms nor the degree of
the cerebrospinal fluid reaction n the pre-paralytic phase bears
any relation to the occurrence or not of paralysis, Nor does
the duration of the pre-paralytic phase bear any relation to the
seventy of paralysis, Yet it seems probable that the fate of tens
of thousands of nerve cells 15 decided during a period of a few
hours at a cntical phase in the meningitic stage. 1f we ever
come to understand fully those biochemical and physical factors
which d Inerability, then knowledge of
the time at which the nerve cell becomes invaded by the virus,
and the stage at which the nvaded cells becomes irretrievably
Jost, will facilitate attempts at specific forms of treatment, Once
the destruction of nerve cells begins, the process is quickly
completed, and paralysis seldom spreads for more than about
three days Then, after some days of littde change, the weak
muscles slowly begin to increase n strength, and the mam battle
15 over. Some of the factors which are known to influence this
virus-cell struggle are considered in Chapter V.

Fare oF THE Motor Nerve CELLS

According to Bodian’s researches, the cells which have been
destroyed by the virus can be 1dentified histologically almost as
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soon as paralysis appears (Figs. 1a and b), and these cells disappear
entirely in the course of a few days. All the other antertor horn
cells, though showing chromatolysis 1n the acute stage of the
disease, recover to a normal appearance in four or five weeks®
time,

Histological studies m fatal human cases (Fig 3) indicate,
however, that cellular reactton may persist for many weeks.
Even so, the recovering motor cells must soon become function-
ally active, and there is considerable doubt as to why paretic
muscles contsnue to increase m strength for so many months
after the acute illness  As far as is known, nerve fibre regenera-
tion does not occur in recovering poliomyelitis  If the anterior
horn cell 1s only injured to a reversible extent, Wallerian degenera-
tion does not occur 1n the axen, while if the cell dies there is no
possibility of regeneration. There 15 of course no chance of
nerve cells growing again, S0 one can only conclude that the

d function during ret depends simply on getting
the most out of the remnants of the army of motoneurones which
survive the acute illness  There are about 12,000 motoneurones
supplymng the nerves to each himb, and in severe paralysis over
two-thirds of these (8000) will be destroyed (Bodian, 1948).
There are occasional chinicat reports of muscles begmning to act
after eighteen months’ complete paralysis, but 1t seems probable
n such a case, that the function of the muscles cannot have been
properly studied at an earlier date,

The gradual improvement spread over twelve to eighteen
months may be due simply to hypertraphy of non-paralysed
muscle plus the gradual enlargement of nerve cell and nerve
fibre which has been shown experimentally to develop under
conditions of continual muscle stress (Edds, 1950) ; but perhaps
even more important 1s the demonstration by Lecles (1953) that
the orgamzation of the spinal cord conncctlons 1s much Tess

eimd 204 emamn lbacabla ebon oo Faoo " .

disorder of function of normal exctability of closely related
surviving cells It 15 probable, therefore, that much of the
recovery of paralysis observed 15 due to the te-establishment of
transneuronal activity which was disrupted in the acute tllness
not by disease of the cells concerned but by a functional effect of
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the disappearance of closely related cells. It is prabable that the
reorganization of the spinal cord cells requires many months of
practising active n t to blish the opti functional
result.  This, indeed, is a remaskable characteristic of many
spinal lesions, such as spinal concussion, in which improvement
oceurs during a period of well over a year.

There is some experimental evidence that surviving neurones
may branch to innervate neighbouring muscle fibres which are
denervated (Hoffman, 1g950). This is unlikely to achieve much
in the way of functional gain in muscle strength, as the anterior
horn cells already each supply a large number of muscle fibres.

Hodes, Peacock and Bodian (1949) have shown that the virus
causes a selective destruction of the largest motoneurones. The
effect of depriving muscles of the influence of the largest motor
cells is not fully known, but it might possibly account for the
undue tendency to fatigue sometimes shawn by the surviving
motor units {see p, 113)-

The lack of precise knowledge regarding the physiological
basis of clinical improvement leads to much uncertainty regarding
the principles on which rehabilitation should be based, and as
steady clintcal tmprovement occurs with all forms of treatment,
many contradictory claims are made as to what is best. The
matter 15 discussed later {p. 109).




CHAPTER 11

INFECTIVITY, QUARANTINE, EPIDEMIOLOGY
AND PREVENTION

It 1s difficult not to be somewhat defeatist regarding attempts
to control case-to-case tnfection in poliomyelis if, as many
authorities maintain, & large proportion of the population during
epidemics 1s infected with the virus, and, if they are 1ll at all, only
expenience a mild catarrhal sllness with no paralysis (Horstmann,
1049). In assessing the seriousness of, say, an outbrezk of
poliomyelitis 1n a boarding school of 500 pupils, it should be
pointed out that, according to these views, if every pupil 1n the
school of 500 1s 1nfected, only two or three are likely to develop
the paralytic form of the disease; most of the others, however,
will acquire a useful tmmunity It 1s arguable, therefore, that
children at school cannot be entirely protected from such mfection,
and that they should be kept at school but should be under
careful supervision during the outbreak, so that any threat of
a major 1llness would at once be recognized and properly treated,
Unfortunately, 1n some local outbreaks in non-tmmune com-
munities the mcrdence of the paralytic disease ts occasionally
much higher, even up to 10 per cent of the population at risk,
50 there 1s also something to support the view that children with
suttable home conditions should be removed by car and isolated
at home, 1f only to reduce the crowded conditions under which
these local outbreaks may occur. It is most desirable during
local outbreaks of the discase that hand-washing hygiene should
be taught, and that uncooked foods should be avoided or carcfully
washed and p d from Tt s the p
appearance of the major llness which 13 specually dangerous, for
1f the major 1illness develops when no one 1s thinking of polio-
myelitss, grave errors in management are liable to occur  Where
parents decide that the children should return home from board-
g school, great care should be taken to minimize the risk of
the child travelling during the early hours of the maior illness
(p 56)
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If quarantine is to be enforced, a period of two weeks from
the last date of personal contact is generally advised. In Britain,
diagnosed cases of poliomyelitis are generally isolated with
“ typhoid precautions ™ for three weeks, but this period has been
reduced to three or four days in some American hospitals,

DistrIBUTION OF THE ViRUS

An mmportant contribution to this problem has been reported
by Melnick and Ledinko (1953). They point out that the
numerical ratio of clinical cases to inapparent infections 1s basic
to the und ding of the epidemiology of the disease. The
roller tube cultures of the virus 1 monkey tissue have made it
possible to d lizing antibodies quite easily in
mdividuals  These workers, therefore, studied the development
of neutralizing antibodres against three types of poliomyelitis
virus in 200 children during 2 severe epidemic in North Carolina
This epid caused an incid of recognized poliomyelitk
of 62 per 100,000, the ratio of paralytic to non-pasalytic cases
being 2 to 1. None of the children tested developed a disease
resembling poliomyelttis, and yet a lirge proportion of all age
groups developed i which was p ly lacking  The
previous eprdemic 1n this area had been four years earlier and
this was reflected tn the low incidence of immunity 1n the children
under four years of age for types 1 and 3 which had been isolated
from cases 1n the earlier outbreak New-born children were an
exception where immunty to all three types of virus was found i
70 t0 9o per cent of cases—a figure which presumably represents
the maternal state  The early ity had largely disapp d
by the age of six months.

A high proportion of all age groups greatly incressed their
mmmuntty to types 1 and 2 durmng the epidemrc, and 1t was
possible from this to calculate directly the proportion of napparent
cases which occurred. This calculation indicated that under
1 year of age there were 175 mapparent infections for every
climical case The corresponding figure for children of 1-2
years was 100, 3—4 years, 73; 59 years, 62; fo-1g years, 95.

Immunity to type 3 virus was unaffected m this epidemic as
also was immumity to the Coxsachue, the influenza and the mumps

VIruses.
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This study, which contams much other important material,
15 the first time that the ratio of subclinical to paralytic cases
has been directly estimated. This study fully supports the view
that contact with the virus is very common, even though few
frank cases develop Bodian and Paffenbarger (1g54) have
demonstrated a high frequency and specific antibody response
among household contacts of cases of paralytic poliomyehts,
Similar studies are now being carried out in many other countries.
‘There had been much controversy on the value of the 1solation
of contacts, the dangers of not using strict 1solation techniques,
etc., and no firm answer can be given on the facts now available,
Thc various measures advised from nme to time are based on

asitis ly difficult to prove that
one way of dealing with an epidemic 1s better than another—
perhaps the varymng regulations of different countries may in time
provide valuable information for comparative purposes.

If most children come in contact with the virus sooner or
later, we must do everything possible to ensure that their infection
leads to immumity without illness, Here 15 a clear lead to active
mmunization which 18 now being quickly developed, sa that @t
15 to be hoped that before long all children can be safely exposed
to an attenuated vacane and thus develop adequate natural
antibody to protect the central nervous system throughout
Iife

‘The virus can be 1solated from the stools 1n the acute stages
and for three or more weeks after, and this is the mamn source
of mfection. However, the virus may also sometimes be
recovered from the throat for a few days during the acute stage
of the major 1illness

DirricuLties of CoNTROL MEASURES

The doubts and arguments about the importance of isolating
suspected cases would matter httle were it not that nsistence on
wsolatron as a first requirement often leads to the transfer of an
ill chuld to haspital at a stage of the disease in which absolute
rest 15 urgently necessary. Further, if transfer to an isolation
hosputat 15 insisted upon, this many mvelve transfer to a hospital
which 1s inadequately staffed to deal with the possible compltca-
tions which may develop with such frightening suddenness
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There seems to be every reason to suppose that *“ typhoid
precautions * in handling the patient provide protection to con-
tacts, and having provided for these the physician need consider
only the patient’s interest as regards the desirability of transfer
to hospital or as regards the choice of hospital in which he should
be treated.

The W.H.O. Report No. 81 (1954) says of this: *When
conditions permit, 1solation of the patient in his home should
be considered, If the patient is removed from his home it should
be to a hospital or unit for infectious diseases, a special hospital
for poliomyelitis patients, or an 1solation unit {one or more rooms)
in a general hospital ”

This important matter is considered further in Chapter VI

(P 56).

Otuer ConTROL METHODS

As the virus is usually ingested and is commonly found in
the stools of healthy carriers, hand hygiene and protection of
food 1s specially important.

The disturbing effect of certamn operations and injections on
the development of the disease will be referred to later,

Passtve 5 with g globulin is probably worth
the trouble mvolved, thousands of persons have to be inoculated
for one to benefit 1n any way, and protection only lasts for 2

few weeks.

Active ymmunszation

The development of a safe prophylactic vaccine 1s eagerly
awarted, and the prospects for this type of protection being
avarlable on a large scale are reasonably good. Two methods
are being employed  One which 1s associated with the name of
Salk (1953, 1954) 15 already undergomg extensive lnzls,.znd
conststs of mnjectng a vaccine prepared from wnactivated virus
The other method which 15 more hopeful js the development of
a safe attenuated hving virus which can be given by.thc oral
route. The names of Koprowshi (1953, 1954) and Sabin {1955)
are specially assoctated with this method (see also p 137)
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The wle of hierduals

Modern methods of growing the viruses in tissue culture
makeit posstblc toassess the i logical state of the indvid
and this in the writer's opinion should be widely used in order
to identify those children who are vulnerable, so that mumor
silnesses may be treated more carefully, and so that the need for
protective active immunization may be assessed more clearly.
A surprising development of this work is the utilization of cancer
cells from carcinoma of the cervix as a tissue culture on which
to grow the virus,




CHAPTER III
CLINICAL FEATURES OF THE DISEASE

*“ Major " and ** Minor " tllness
In its best-known form poliomyelitis consists of an acute disease
with symp of meningitis (the wgelic or preparalytee stage)
in which after one or two days paralysis develops (paralytic stage).
In order to avoid ambiguity, Horstmann (1g50) has advised that
the term smajor tlfness (Fig. 5) be used for this, the principal
stage of the disease. As will be emphasized later, the major
illness generally begins abruptly, and this mode of onset is referred
to here as a ' typical ” case, but 1n a proportion of cases there is a
preltminary period of malaise and minor symptoms (prodromata)
which hardly justify separation from the major illness, and this
group 1s referred to as bemng ““ atypical "' cases (see case histories).
The term minor 1finess 15 used to refer to a siight catarrhat
reaction which occurs in about 4o per cent of paralytic cases a
few days before the major 1llness begins. This munor illness is
of great interest to the virologist, but few clinicians pay much
attention to 1t. Usually the patient feels well between the two
stages of the disease.

THE MInor ILLNESS

‘This munor illness 1s often a slight affair, and indeed it can
only be recogmzed with confidence n retrospect when it is
followed within three to seven days by the major illness {Fig .5).
It generally lasts far 24 to 48 hours, and consists of non-sp.efxﬁc
symptoms such as fever, sore throat, hezdad}e, anorexia, vomiting,
constipation, and muscle or abdomunal pain

The munor illness 1s probably due to invasion of the blood
stream by the virus ; indeed, Horstmann and McCollum (19:;3)
have isofated the virus from the blood mrhuman cases duting

the minor illness and also in p fectior
(1952) had previously demonstrated the virus in the blood of
keys after infe via the al y canal. In a few cases

16
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STAGES OF DISEASE
MATOR HLNESS
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DAYS OF DISEASE

Fig 5 —Dragram 10 show various patterns which the discase may take,
and the terms used to describe the stages of the disease

the symptoms of the mmor illness have neurological characteristics
(see cases 2 and 16), which suggest that the virus is already 1n
the cells of the spmnal cord at that stage.

The case records described 1n the following pages emphasize
the great sariety of clinical manifestanions which may occur.
Fig §indicates dragrammatically some patterns which the disease
may adopt While there are often recognizable stages 1n the
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clinical developments, these may be masked by unusual feat
some of which suggest that the virus-cell struggle has been g
on for some days before recognizable symptoms appear.
others there is the suggestion that what would have beer
a.bomve infection was convested to a paralytic form by sp
circumstances.

Abortive cases are those in which a minor illness occurs,
nothing more, Scores of these no doubt occur for every
which progresses to the major iliness, but their identification
rarely be made with much certanty, In addition there

idently 1 ymp ic infections, in which the v.
presumably remains harmlessly in the wall of the alimen:
canal yet providentrally 15 able to encourage the developmen
antibodies (Koprowski ef al , 1953). It is through the apphcat
of this observation that the development of protective vacei
15 likely to depend

As far as the frank clinical manifestations are concerned,
following short case records are used to present the variety
clinical features

Shor? menor tiness un a * typreal ™ case
CasE 1(2).* Schoolgirl, aged 17 Days 1 and2 : Sore throat w
slight anorexia  Continued to attend school. Days 37 2 Felt we
school as usual, Day § . Lumbar pain; continued school Day
Lumbar pain less severc 13 the forenoon,  Ballet-dancing for 14 how
o -=-= = sha seanine enreading to abdomen, Day 1t
- Some nausea, Motor
> less severe, but some pa
Trunk muscles becar
Peao thighs and Jeft arm,
Three months later there was severe paralysis of the abdominal ar
trupk muscles
The 1 app of logical symp in it
prodromal stage s of special interest, as they suggest son
invaston of the central nesvous system by the virus even at th
early stage.
A logical as prod: 10 major silness or possibly as
part of a minor illness =7
Case 2 (64). Female, aged 38 Daysr-3. Hyperzsthesia of ski
of the ahdi Day ¢4 - Hyp i d, she felt wel
© The case notes are numbered seriatim snd also according to the suthor’

i

records
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and did an exceptionally heavy day’s work in the house. Day 5:
Acute onset of pamn 1 head and back, fever (102° F = 38 ¢° C.) and
\mitability, continued housework all day Day 6. Symptoms con-
tinued  Stayed in bed for half the day. Day 7 * Left leg became
paralysed

A month later there was still severe paralysis of the left thigh and
trunk_muscles (see also case 16).
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A probable case of severe magor illness without paralysis

Case 3. (28).  Schoolboy, aged 12. No prodromal symptoms,
Day 1 : Slight headathe on walung, but he went to schaol and plaged
football That evening he developed severe headache and spimal
pains in the dorsal and cervical regions, He vomited and was restless
and sleepless that night. Day 2°; The symptoms continued His
neck was stiff and his temperature 100° F. {37:8° C.)  His body and
all his hmbs were painful. He was admutted to hospital, Day 3:
The cerebrospinal flusd contamed 73 cells per c.nm and 45 mg. of
protein per 100 mt  Complete recovery ensued without paralysts.

In the Paralytic Group, paralysis of some muscles generally
appears after 1 to § days, progresses for 1 to 3 days, remains
stationary for 1 week, and then slowly improves. Improvement
continues for 6 to 2 months, or longer if the methods of early
rehabilitation have not been very energetic.

As has been pointed out, the onset of the major illness is the
most critical perod of the illness, and it 1s only in this stage that
any successful attempt can be made to recognize the disease before
the onset of paralysis.  Spmal or meningeal pains are especially
mportant n diagnosis  they were reported 1n 95 of the roo cases,
and are analysed in Table 1 This table shows that though

“Taste 1

Analysis of the spinal or memngeol pams as they appeared n the g5 eases which reporte
these pains dunng the pre-paralytic stage

Shoulders Cl:'n  Thugh

Back N
Jumbaer  Bat o
Pams n He Neox 9T (sscrat)  scapular  abdo- | 1%,
) dorl) | wpon  men | 1%
I e
4 a8 [T s ] s
.f\l::g 57 2 w1 9 12 e
Back (humbar or dorsa)) 32 w7 L
Back (sacral) 23 4 9 :
Shau(ders or scapular regron 3 R
Chest or abdomen 5
Thighs or legs
U

several types of spinal pamn are common, no one of them appears
12 more than two-thirds of the cases. The importance of these
pans was emphasized n the classical work of Peabody, Draper

and Dochez (1912)
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Pains tn the head

There 1s nothing specific about the headache when it occurs
except that 1t 15 rarely intolerable, as it may be, for example, n
bacterial meningitis it may consist more of a soreness at the
back of the head which is part of a spinal neck pain. Pam in
the head appeared on the first day of the pre-paralytic stage in
45 of the 100 cases. In a few instances severe throbbing frontal
pain was reported, but generally the headache was relatively
insignificant Study of the head pams may be of value in
differential dragnosis, 1n that a patient who has spinal ngudity
without severe headache 13 unlikely to be suffering from bacterial
meningitis  Occasionally pain 1n the head may appear without
any of the more common spinal pans, as in the following case,
This record also provides an example of an atypical case in which
the onset of the major illness was vague and indefinite

Indtfinite onset of major siness ssxth fever and headache but no spinal pans
Case4(39) Male studem aged 19 Days1-3 - General malaise ,
felt progressiyely more * fed-up Day 4. Went for a cross-country
run (four mules) to try to < work off ™ his malaise He did not run
easily, getting home with a struggle  Day 5 Attended lectures, no
marked symptoms Day 6 Feer and headachc Walked with
et Lot sl " IR

Paralysis was almost complete and permanent i1n both lower limbs
and lower trunk

Spnal pams

The spinal pans and parmsthesiz provide by far the most
charactenistic climcal features of the pre-paralytic stage in pattents
who are old enough to describe their symptoms They were
reported in g5 out of 100 suthi cases studied  They often present
features which are highly specific and of considerable interest.
‘The sevenity of these pains varies greatly, as the following examples
show  ‘They are often localized, and many have a segmental
distribution  The seventy of the pain bears no relation to the
severity of ultimate paralysis, but the site of pamn at the onset
of the pre-paralytic stage often corresponds to the site of mati-

mum paralysis  For example, in the present series there were
F—c
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15 cases of paralytic poliomyelitis in which pains in the thighs
occurred on the first day of the pre-paralytic stage. In all but
one of these, a bulbar case, the paralysis was mavimum in, or
more often confined to, the lower limbs.

Severe spinal pain preceding severe paralyns
Cast 5 (50). Lieutenant in the R.N.V.R, aged 23. Doy 1:
After normal duties as 2 barrack guard officer and a Intle crickes
practice he developed pain in the neck at about 6 p.m. He slept badly
that night.  Day 2 : The pam 1n the neck became more severe, and in
addition he deseloped severe sacral pain.  This latter symptom made 1t
impassible for fum to rest in comfort. The buttocks were hyper-
®sthetic, so that he could not bear to sit or lie on hus back. He went by
car to report sick, but his back was so stiff that he had difficulty in
getting into the car, He returned to his hillet and went to bed, but
could not rest ; he got out of bed every hour or sn to walk about for ten
S S T e e D o pless
tempt
. He
were
{ per-
tkness
:very

shghtly affected.

Severe spinal pam preceding slight paralysis

Case 6 (25) Housewife, aged 3o. Day r. Usual household
duties,  She felt very ured after 2 half-hour walk m the afternoon,
In the evenng she developed sicral pain and also a pmn 1n the right

jower abdomen when walking. Day 2 She stayed in bed. The
L wa and canced oreat restlessness, Patn in the

‘ 1 cervical

%, which

' “he rest-

LLsataiu s gos o
lessness also made her feel she would ke to get up and moyve about

Day 4 - Nochange Day 5 Pams less severe, but there developed
pal{s‘l’! of the trunk, left thigh and Jeft leg muscles. Satisfactory
recovery occurred during comvalescence 1 all the affected muscles

A lustory of pam in the neck 1s difficult to distinguish from
stiffness, and the symptom 15 often more accurately described as
a pamful stiffness
Neck patts 1n the major tllness causing difficulty wwith dragnosis

¢ 1 Shght
Case . Male cinema operator, aged 16, Doy 1: Shyl
headache.lm(zgk):c morning Work #s usual About 8 pm. there
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developed aching pamn 1n the neck which made him disinclined to move
hishead Dayz . Aftersleeping badly the pam in the neck continued ;
headache returned with some pan 1n the scapular region. Some
vomtting 2nd anorexsa also occurred. . He rcsllt:.l at l:‘omc, and \v:nt toz

'

Six weeks later there was sull paralysis of the muscles supphed by
the upper dorsal cord, especially the mtercostals, The limbs were not
affected

Neek pain_and stiffness n pre-paralytic phase followed by paralyss of
neck muscles
Cxe 8 (7) | Schoolgel, aged 11 Day 7 - Developed pain and

school as usual Day 5 * Stayed m bed, and this reheved the neck
pun  Day 6+ Paralysis of neck muscles,

A month later there was almost complete paralysis of neck muscles
no weakness elsewhere.

DPams 1 chest, abdamen or Hhughs

Pains 1 the chest and abdomen may cause considerable
diagnostic difficulty  Seme characteristics which these pans
may exhibit are apparent in the following records

Pan m chest as the principal early pre-paralytic symptom

Case g (10)  Male suneyor, aged 43 Day 1 - Having suffered
from a sore throat for the previous eight days, he now developed a
girdle sensation around hus chest, which became tender to touch.
Dayz  Chest pain d, with fever, restl
Day 3 Vomting and anorexta also experienced Day 4. Pam in
back and legs added to symptoms  Developed weakness of the nght
arm, trunk muscles and nght thigh

‘Ten days later the muscular weakness was slight and recovering
rapudly.
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Pain in chest as an early pre-paralytic symptom

CAsE 10 (34). A nurse, aged 21, who had been nursing cases of
pohomyelitss (night duty) for 2 month. Day 1 : About midday she
dc;eloped bllgtcra] chest pain, which was aggravated by a deep breath
an ° : °
of be
sent . . . i
by severe frontal aching pamn in the head and later by severe ‘sacral
pain, both of which continued for three weeks after paresis developed.
Day 3 : Pain in the front of thighs on moving, Day 4 : Neck stiff,
Weakness developed in left arm, trunk, left thigh and left leg.

All the affected muscles recovered well within two months.

Severe abdominal pain as a pre-paralytic symptom

Case 11 (5). Schoolgirl, aged 10. Day 1 : Sent home from school
with sore throat, fever and headache. Wenttobed. Day3 : Feltwell.
no L A [ oL DR

appeared, but this was not severe, and had largely recovered within
three weeks.

Pain tn trunk on motement as a pre-paralytic symptom

Case 12 (3)  Male machmist, aged 25. Day 1 : Shght stiffness in
back and pam 1n the head. Did a heavy day’s work, Day 2 : Ditto
Day 3. Headache worse, and severe pain developed in thighs and a
sharp pamn in the left side of the chest each time he stepped forward
with the left leg. Left legalsoached Day ¢ : Vomiting added to the
abovesymptoms  Weakness of abdomnmal muscles developed, Day5:
Pains ceased, but weakness spread to the thighs and legs.

A month later the Jeft quadriceps was completely paralysed; all
the other muscles affected were improving

Discomfort 11 chest and abdc ! pam as pre-paralytic symptoms

Case 13 {44) Schoolboy, aged 16. Day I - Feeling of constric-
tion 1n the chest on taking 2 deep breath, Ran 1oo yards race
Day z - Pamn 1n nght 1hiac region on bending while playing a rackets
match Day3 Above symptoms conttnued ; some malaise. Ran3
half-mile race not so well as he expected Day 4 : Severe headache
and pan in neck developed; fever, restlessness and sleeplessness.
School 1n morning  Tennus for half an hour; then reported sick for
the first time and was sent to bed  That night he developed rapidly
spreading severe paralysis, especially of lover limbs and trunk
respirator was required for two weeks

The permanent disability 1n this case was severe.
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Pam 1 thighs as a pre-paralytic symptom

Case 14 (48) Accountant, aged 27 Days 1-4. Malaise and
shght fever Day 5. Office work as usual, Slight sgrelthro::t;
o W R T R Y

Tower limbs was permanent

Spinal pareesthesia as an early symptom

Cast 15 (45). Female clerk, aged 29 Day r ' Nasal catarrth
for past s1x days Now developed pain 1n the back of the neck and a
sensation hike * cold water running down the spine . Work m office
as usual Day 2  Same symptoms, with vomiting and fever 1n
addition  Rest at home, but she went out to visit dactor. Day 3¢
Symptoms less severe, resting at home Day g  Felt well, no pamn
now, but weakness of left arm developed

A month later the left deltoid was still completely paralysed, but
other affected muscles were recovering slowly

Other pre-paralytic symptoms

Vertigo and a visual ab ity due to jerhy ts of
the eyes may appear carly in the pre-paralyuic phase when, as
Bodian (1948) has shown, the virus 15 already m the bran stem
Vomuting 1s common but seldom severe It was reported n 29
of the 100 cases

Nasal discharge, sore throat, diarrheea or constipation may
occur 1n the pre-paralytic phase but, being non-specific, these
symptoms are usually of httle value m early diagnosts.

Vanations m mode of onset of major tliness

Several varations tn the course of the disease occur which
are most easily described by brief case reports  In some instances
it 1s difficult to ascertain whether or not the munor illness 1s
merging with the pre-paralytic stage

In the pre-paralytic stage of * typical ** cases spinal symptoms
usually become ncreasingly severe for two or three days, after
which time paralysis appears and the spinal symptoms ofte’r},
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subside quickly, In some cases, however, the course of the pre-
paralytic stage is erratic and may consist of tno or more phases,
as in the following examples,

Case 16 (68). Schoolboy, aged 12, attending a Scout camp
qu I : Frontal headache and a pain over the anterior aspects of both
thighs—** Iike a wire brush being pressed into the flesh ", Tired and
sleepy. Days 2 and 3 : Felt well, but noticed that running about
brought back the pain in his head and thighs. Took part in all camp
activities, Day 4 : Returned home, but still felt unusually tired.
Average physical activity Day 7 : Severe pains developed n head,
thighs and knees. He went to bed early, but was awakened at g pm.
by a nighumare to find the pains were worse than ever, and there was
also abdominal pain. Day & : Pains continued. Vomiting, retention
of urine and fever—1to1-4° F. (38 §° C). Severe paralysis of the left
leg and thigh developed.

CasE 17 (6)  Schoolboy, aged 12 Day I : Pan m back of neck
and back of knees, malaise and shivery feeling. Fever about 101° F.
(38-3°C). Inbedfortwodays Day3: Gotup but pyrexia returned.
Again in bed for four days  Days 1014 : Living very quietly at bome.
Day 16 Resumed school, IDay 18 : Played rugby football match.
Day 19 (evening) : Headache and shght vomitmg, Temperature
100° F.(378° C). Went 1o bed. Day 20 - Developed pain in back
of neck  Day 21 . Pains worse; also pain 1n dorsal spie. Girdle
Lronestaes s ot i Tha cacaheaspinal flutd contained

1elial cells per cmm,
Day 22 : Symptoms
y paralysis developed

Casr 18 (79). Housewife, aged 30, two months pregnant, Dayz.
Mild neck suffness Days -4 © Felt well; usual houseword.
- T - ’ - - -=="==~f pregnancy

d Day §:

ere was also

Tempera-
continued
s and 117
Day 11
quired

Day 10 Cerebrospinal #ind contamed 124 potymotph

fymphocytes per ¢ mm , and 75 mg of protein per 100 ml.

Paralysis of fower limbs, trunk and diaphragm  Respirator re
This patient died later of pulmonary collapse

Relapsing cases . Spread of paralysis in two phases
In perhaps 2 or 3 per cent of paralytic cases 2 second phase

of spreading paralysis occurs 3 or 4 days af:(er the first parfll.)ﬂc
phase, This happening 1s most disconcerting to the physician,
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as it occurs just when the extent of the main paralytic phase has
become mantfest It 1s for fear of this relapsing type that strict
rest 15 1nsisted on during the 2 weeks after the appearance of
paralysis,

Case 19 (1) Housewife, aged 33. Day 1 + Deseloped neck pan
1n the evening ay 2 Pamns also 1n both shoulders. Some house-
work Day3 Pamsworse. Severe headache, restlessness, sleepless-
ness and fever Got up and went to see a doctor Days ¢ and 5 *
Symptoms contmued Day 6 - Paralysis of night shoulder and arm.
Symptoms subsided, Days7 and 8 . Felt well, but was restless  Day
9 Improvement continued  Got up to have bed made , malaise and
Aomiting that eveming  Day 10 Paralysis spread to involve nght
thigh, nght leg and right intercostal muscles.

Another remarkable fzature of the pre-paralytic stage oceaston-
ally observed 1s that the patient’s symptoms may appear to be
abating at the time the paralysis develops

Abrupt onset of pre-paralytic phase  Symptoms subjectruely subsiding
when paralysis of nearly all muscles developed

Casezo(z9) Female factory-worker, aged 21. Dayr Wakened
with pain 1n the neck, back and head  Worked ail day tn the factory ,
the joutney to work mnvolved travelling for an hour each way ~She
vomited and noticed something peculiar about her eyes  she thought
she might be getting infantile paralysis  Day 2 . Siept well, but still
had pam 1n the neck, back and head She got up and walked (15
minutes) home, went to bed, and took castor oil, Day 3 Pans less

breathe without the tepirator

Thieffry (1947} has also drawn attention to paralysis occutring
n some cases after the fever of the pre-paralytic stage has returned
to normal

AtvricaL Casts

‘The cases which show no abrupt onset of the spinal or
meningeal symptoms 1 the major illness may be convemently
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termed *atypical * cases or cases with prodromal symptoms
There were 11 of this type among the 100 cases studied, Ia
some i the catarrhal symp of the minor illness merge
into the spinal symptoms of the major illness without the usual
1nterval (see case 9). The day of onset is also uncertain when the
spinal symptoms are at first vague (see cases 4 and 13), or they
may continue for so many days before paralysis develops that
the pattern of the disease is altered.

Prolonged pre-paralytic stage of major llness with indefinite onset

Case 21 (41). Housewtfe, aged 28. Days I and 2 : Tendeness
of lower nbs for two days; no pam. Days 3 and 4 : Tenderness of
upper abdomen for two days ; nopam  The right leg developed slight
weakness which cleared in two weeks Days 547 : Tenderness of
lumbar spie for three days, Very light work, Day & : Tender on
the anterior aspect of the night leg for two days. Very Jight work
Day 9 : In the morning sacral pain and stiffness developed. In the
evening shight jerks of the right leg occurred with some pamn in the leg
Days 10 and 11 : Sacral pain continued and slight fever developed.

The sacral pain contmued until Day 17. The neck was suff on
adrmussion to hospital on Day 13. On Day 15 the cercbrospinal flud
contamned 115 cells per c.mm (10 per cent polymorphs) and 70 mg of
protein per 100 ml.

Cas 22 (77). General practitioner, aged 38, Day r: Malase
and headache mn the evening Day 2 : Rested at home. Day 3!
Listless and shivery , resumed practice, Day.¢ - Nochange. Day5:
Strenuous watk over the hills to * shake off * hus malase, Days 6
and 7 + Continued Ius practice, though symptoms persisted  Day 8 :
Forced to go to bed with fever, severe frontal headache, and pan and
stiffness of the neck. Day 9 : Excruciating sacral pamn added to symp-
toms Dayro Weakness of right arm and leg and, later, respiration
Day 11 * Respirator required , nearly all muscles paralysed. DayIz:
Dued.

Muscular fasciculation
The of 1 iculation 1s a sign of the

pp .
greatest value in diagnosts in the pre-paralytic phase of the major
iliness. The shght inyoluntary contractions of muscular units,
closely resemble those seen in motor neurone disease, zqd may
be due to spontaneous discharges from motoneurones which arc
being destroyed by the virus  The movements are casily seen
on mspeeting the patient’s uncovered limbs and trunk, and they
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may be sufficient to cause slight flickering movements of the
relaxed fingers, The appearance of this sign often indicates that
paralysis will affect the muscles showing fasciculation within the
next 24 hours, but so far as the writer has observed, paralysis
may be either severe or very shght after the appearance of this
fasciculation  There 1s need for further study of this sign in
relation to the subsequent paralysis.

CereBRAL AND BULBAR Cases

In most spinal forms of the disease, and in many bulbar
cases also, conscrousness 1s fully preserved, and this mental
alertness often helps to distinguish poliomyelitis from other types
of encephalitis, and from bacterial meningitis  In some cases of
poliomyelitis, however, the patient becomes drowsy or comatose,
and this is an 1mportant type of case, for contrary to the alarmung
1mpression of this crittcal illness, such patients (usually children)
make a remarkably complete clinical recovery if they can be kept
alive for the first two or three weeks of the disease,

All cases of poliomyelitts show histological changes in the
brain also, but these are rarely of such a nature as to cause death
n themselves, provided that any respiratory msufficiency 1s
properly handled In some cases of policencephaliis, however,
there may be early and severe loss of consciousness with mid-
brain involvemnent which may also cause palsies of conjugate eye
movements, nystagmus and ataxia. These cases may require
virus studies to establish the true =tiology, but sometimes the
development of 2 spinal or cranial nerve palsy provides important
evidence that the poliomyelitis viruses are responsible. Thus,
the appearance of paralysis of one or more of the motor cranial
nerves 1 often highly sigmificant 1n such a case. Irregulanty of

due to 1 t of the y centre may

P P
cause anxiety, even though there 1s no paralysis of the muscles

of respiratton  Vomuting and true vertigo may also occur, As
will be emphasized later, vomiting 1s extremely dangerous when
swallowing 1s paralysed or if the patient 15 in a respirator,
for in either case the vomit 15 liable to be nhaled into the
lungs

The case records which follow llustrate some of the difficul-
ties and dangers which have to be dealt with,
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Bulbar Pohomyelitis following prolonged i
and respiratory irregularity, treated with postural dramage
Recovery B
Case 35 (8. 4721). Female, aged 5 years. Tonstlectomy mine
days before day 1. Day r: Headache and listless Days 2-4:
Remained ** off-colour . " Day 5 : Vomited repeatedly, refused food
and developed pain and stiffness in back of neck. Day 6: Vauce
became tndistinct and had dufficulty with swallowsng and breathing
Admitted to hospital. On arnival at hospital she was cyanosed 2nd
unconscions * postural draiage was established in the ambulance to
clear the airways of secretions, and consciousness returned partly i
ten minutes, She remamed sery drowsy and mucus drained freely

Fic 6 —Factal paralysts after bulbar pohomyelitis,

from her mnouth  There was strabismus, ny stagenus, left facial paralysis
and paralysss of the pharyny, larynx and sternomastards. All four
1tmbs were seen 10 move  The diaphragm movement was wesk but
the mtercostals were strong  The respirations were markedly mtguh;-
C.S.F. 42 cells per cnn, and 25 mg of protein per 100 l‘ﬂi
Oumeter readings varied from 0o—gz ner rens D - !

e
r s st ONErnise she made 2 good recov :ryh. but
she wore a sponge rubber collar for many weeks to support her Har
There was a shght tendency to mental frritability when seen 2 ¥
fater, but the physical condition was sms(acmry ~
Note. This was a fong and anstous battle.  The prolonged uncon
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and i of resp {(Biot type with periods of
apneea for } munute), caused much anwety lest a dangerous state of
hypoxia was the cause of the unconsciousness However, the oxi-
meter readings and the biochemical estimations were adequate, so
tn the end neither tracheotomy nor artifical respiration was needed.
Preparations were always at hand to do a tracheatomy should 1t prove
to be necessary.

Severe bulbo-spinal pohomyehtss treated tcith postural drainage  Some
dangerous choking attacks  Recovery

Case 36 (S. 4719) Female, aged 16 Day 1 - sore throat,

Day 2 - fever, headaches and limb pains.  Days 46 ; Lastless but at

school  On Day 6 she developed headache, nasal voice and vomited,

and was admutted to hospital  The CSF. was normal and she was

gven, dlphth:r‘m antitoun, 2 t'hmaljs\\ab‘ was Degatine D‘ay‘ 7

a choking attack with cyanosts, the airways were cleared by suction
and posturng  Stgns of broncho-pneumonia developed with a nise
of temperature to 103° F Day rr  Still unable to swallow, and there
was weakness of the left deltord and nystagmus on looking to night and
left Dayrz Dangerous choking attack after vomiting with cyanosis
and loss of consciousness for 4 minutes  Respiration stopped, but
started again after suction through alaryngoscope. Day I Swallowed
a htle  Day 16 * Swallowing very lutle, tube feeding by nasal
catheter was started and was continued to Day20  Day 35 * Can now
swallow ctfectively but an occasional tendency to choke continued
oo Vo ' T E B

suulluai Lypist  INO Uyspnagid, YOME DOUN4L DUt SUgNt facial
asymmetry persists with moderate weakness of sternomastord and the
left deltord

Note For over two weeks this patient was never left alone and a
hatf-hourly report of her condition was recorded  The choking attacks
d1d not accur while lymng 1n the prone or semt-prone posstion  The
lateral posture with raising of the foot of the bed was much used, as the
?utztn! u‘)mphmed of great .lilscomfan n other positions  The rectal
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Bulbar poliomyelitis treated wyth postural drainage. Recorery

Case 37 (RIN. 6389}, A female, aged 13. Day 1: Nausts,
vomiting and dizziness {9 days previously had a severe pain in her chin
on the left side). Days2-3 : Increasing difficulty in swallowing and
speaking. Day ¢ : Retention of urine and double vision Drowsy
but would answer questions. Denied headache, but there was severe
neck stiffness. There was also continual nystagmus, left-sided prosis
and paralysis of the left face, the palate and the pharynx, CSF.:
Proten : 80 mg. per 100 ml,, cells : 21 per c.mm. _Patient was nursed
almost continuatly in the prone position with the foot of the bed 2l
raised at imes.  Fluids were given by intravenous drip  Auscultation
over the trachez was used to indicate when suction was required
Day 5 : Less conscious, slept most of the day. Day 6 : Oximeter
reading g5 per cent. Day7 : Able to talk a Iittle but deftrious. Day8:
Can cough a little,  Day g : Able to swallow and talk, Day 30 : Ex-
cellent recovery except for paralysis of the left face and weakness of
the sternomastoids

Fatal bulbar pohomyelites

Case 38 (S. 3655) A boyaged 8years. Days1—3 : Hehadamid
“cold " 3‘| hm}x3 'c;}seared rapidly. Day 7: Attended school, but
vomiting mn the afternoon and evenmng. Day 8: Anorevia and
vomited twice, he sat i a chair all day. Day ¢ : Difficulty with
swallowing and speech developed along with some headache and peck
pain.  Admitted to hospital, where he was found o have neck stiffness,
diplopra due to lateral rectus weakness, Jeft facial palsy, paresis o

swallowing, and speech.  Lambs, trunk and respiration w ere unaffect
CSF. 120 cells per c.mm (20 per cent polymorphs) and 75 W8
of proten per 100 ml. Transferred to another hospital at 8 3o pm-
where he armed conscious but restless; respirations were regulz
but not paralysed. Postural drainage was established in the pron
positton and abundant secretions flowed from his mouth. 11.0 p8
the child was restless but conscrous. Respirations wefe now 30 P&
mun, Day 10 : 130 am. Temperature—gg-2° F., Pu)se—llzcopt‘
mun. ; Resprration—38 per min. but irregular.  Colour good. Cov:
scious but restless. 4 am, sudden collapse with cyanoss, rec
. LR y-Ree) vinesrmun, Respiratior
L. . Air passages dry
-2s put in a respirE

At post-mortem examination, the respiratory passages were clm_
The brun w2s grossly edemataus, due no daubt to the steeply mx::!"
i tural drainage after the collapse at 4 am. There was st
in #ha snner carvreal spinal cord and brain stem

. -r1s of doing
admussion 16
yost-martem
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probably did not contribute to death, but was rather a consequence of
the circulatory collapse. However, the tendency to derma in these
- Kathan PRt - '

just 1n case there had been 2 slowly developing hypowa due not to
paralys:s of the respiratory muscles but to inflammation of the respira-
tory centre, However, this patient died in Apnil, 1953, before inter-
raittent positive pressure was organized in this country, Nor was an
ouimeter available to control progress

Bulbar poliomyelitss Inhalation of vomst while bemng nursed wn supine
posttion caused fatal hemorrhagic necrosis of the lungs
*Cast 39 (R1 180349) A schoolgul, aged 13, developed pyrexsa
(100° F) and felt “ a Tump 1n her throat "~ Her appetite was poor,
but she ate and drank at all meals. Two days later she drank about
10 oz, at breakfast with some difficulty and thereafter developed
complete paralysis of swallowing. She was admitted to another
hospital that evening and Was found to have, besides dysphagia, weak-
ness of the left face, the palate, the sternomastoid muscles, and the
muscles of the shoulder girdles and upper arms. Antenor polio-
myelitis was diagnosed
Ne‘xt morning she hqag a cyanotic attack which rendered her tem-
mmemedmmimns P At S .

muin  She was receving 100 per cent oxygen through a mask, and her
colour was f: y et ventilation was. 1y too small to
prevent retention of carbon diovude

A cuffed endotracheal tube was introduced and resp main-
tained with an Oxford inflator The patient was transferred in this
way by ambulance to the Radcliffe Infirmary, a journey of some fifty
minutes  Duning the journey she began to move her himbs and to
apen her eyes when told to do so

On admission hoscopy was no d
amount of inhaled material was within reach It was thought that
when she recovered from the effects of under-ventilation she mght be
able to breathe spontaneously  An endotracheal tube was therefore
rtglactd. and positive-pressure respiration was instituted down this
tube from Radeliffe respiration pump A.

Next day sn attempt was tade o et het breathe spantanecusly,

* Cae 2 from paper by Crampton-Smith ef al (s954)
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but she could not. A formal tracheotomy was therefore done and
LP.P. respiration continued with Radcliffe respiration pump A Two
hours later, twenty-two hours after 1.P.P, respiration was begun, ber
blood-pressure dropped to 40 mm. Hg systolic, her nail-beds and
subsequently her lips became deeply cyanosed, and she died

Radiography of the chest on admission had showed mottled
shadowing throughout the Jung fields

Necropsy findings, The dugnosis of anterior pol litis was
confirmed.” The endotracheal tube had been mn position for menty
hours, and there was considerable ulceration of the larynt. An mtense
hzmorrhagic consolidation involved about fis e-sixths of she lungs, and
the relatively normal fifth was situated anteriorly. Presumably this
hopeless state of the lungs was a consequence of secretions, and perhaps
vomit, being inhaled on the day before death.

The term bulbar poliomyelitis is used in different ways; t0
indicate perhaps that the eye movements, the muscles of mastica-
t1on or of the face ase affected ; or that the breathing and bleod
pressure control are chsturbed. It is perhaps expedent, honerer,
from the chinical point of view, to use the term bulbar pohio-
myehtts, especially for those patients who, whatever other
lestons occur, develop paralysts of the palate, pharynx or larynt
Paralysis of swallowing d ds the introduction of a highly
specualized form of treatment, and some convement term i
required which mdicates the urgent need for special action i
these cases . 3

It might have been anticipated that paralysis of swallowing
would be easy to recogmze chimcally, but mxstnk'fs are all 00
frequent, especially 1n children whose only obvious symptom
may be a stubborn refusal to eat or drinh. prm\smess or cor_-’l
may be associated with paralysis of swalfowing, and when & !;
occurs the comatose state 1s the obvious feature, and the poo!
of mucus mn the throat 1s thought to indicate the * denzh-r.mkl
of impending dissolution, which indeed 1t does if the doctor fl}::
to dram the pharynx and trachea by turning the chid on }:e
face, rasing the foot of the bed and manually fnmpltsslng !l
chest to assist expration, It cannot be emphasized too xrm.ﬂ;:J‘
that 1t 1s extremely dangerous to nurse patients who are ”;1 :
comatose or have paralysis of swallowing bang supine (on 17!
backs) . 3 d
The symptoms of respiratory insufficiency are consk

onp 71

esed
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Sphincter control

Retention of urine may develop during the_ pre-paralytic
phase, and sometimes provides an important warning that
paralysts of the lower limbs will follow within a few hours  Thts
sphuncter difficulty is probably never permanent in poliomyelitis,
and its treatment will be considered later,

Summary of menmgitic, spmal cord and bram stem symptoms

Though the pre-paralytic symptoms in the spmal forms of
the disease are varied, these case histories have something in
common. The symptoms for the most part suggest either
meningttic or myelitic lesions, sometimes flitting from one part
to another, and sometimes without any serious feeling of illness
It may therefore be mamntamed that the pre-paralytic phase of
the major illness generally presents with a variety of symptoms
which, when analysed in regard to their features and time-
relationships, often form a reasonably charactenstic chinical
picture

In this connection, however, 1t must be emphasized that the
symptoms described above are only reported accurately by
patients over the age of about 8 years  In younger children the
analysis of symptoms 1s of little value, especially where pain 1s
concerned. Many infants fail to draw attention to lesions which
are obviously pamnful, and this, no doubt, contributes to Horst-
mann'’s (1950} that pre-paralytic symp are less
common 1n children than adults

The treacherous bulbar cases often also have meningeal
symptoms, but the clinical picture 1s quickly dominated by
paralys:s of the throat or perhaps unconsciousness. Respiration
is often adequate, but only 1f the lungs are kept healthy and the
airways clear, and in this matter skilled treatment will save many
lives (see p 6g)

Duration of pre-paralytic phase of the major illness

As has already been ponted out, the variable duration of the
pre-paralytic or meningitic phase suggests that mn some cases
there 15 a prolonged state of critical balance between recorery
and paralysis  Several of the above case records llustrate this



36 CLINICAL FEATURES OF THE DISEASE

feature In g4 paralytic cases the day of the major iliness on
which paralysis developed was as follows: Days 1 and 2, 20
cases ; day 3, 24 cases; day 4, 24 cases; day §, 7 cases; day6,
10 cases; day 10 or 11, § cases ‘The decision as to what con-
stitutes the onset of the major illness, however, 15 sometimes
difficult to make. In case 16, for example (see above), the thigh
pains on day 1 are thought to provide justification for considering
this to be the onset of the pre-paralytic stage of the major illness
Some, however, may consider this symptom of day 1 to be due
to an unusual and severe form of the minor illness.

Hour of onset of major illness

As has already been pointed out, the onset of the major illness
is usually quite abrupt. In 80 such cases the major illness began
before 8 a.m. in 34 cases, between 8 a.m. and 4 p m, in 13 cases,
and after 4 p.m. in 33 cases. The hour of onset is of importante
when attempting to compare severity of paralysis with amount
of phystcal activity after onset of the major illness  Thus, wl:len
symptoms develop in the afternoon, the amount of phyflﬂl
actvity taken during the forencon of that day seems to be relatively
ummportant, while physical activity continued in the hours
actually follawing the onset of symp is very dangerous (s¢¢
p- 47) Albrecht's (10351) study is open to crticism i .xhli
regard, for he apparently scorned the amount of physical activity
on the day of onset of the disease irrespective of whether the
symptoms began before or after the exercise taken.




CHAPTER 1V
PHYSICAL EXAMINATION

It has already been emphasxzed that the clmlcal hlsmry is often
of special value in the duag of p iy in
older patients Physical examination 15, of course, vital also,
and must be carefully planned to give the maumum information
with the minimum of disturbance and fatigue to the patient
Detaled muscle charts should never be prepared for the seriously
Wichild  As with all sick children, observauion of the child for
a few munutes often gives informanien of the gru(cst valoe,
The degree of squimt, sp

neck retraction, dxsmchmtmn m move, facial pam\yus feeble cry
or cough, d y rattle due
to a pool of mucus in the p'harynx (m bulbar pzlsy) fa:lure to
move one or more limbs sp ly, muscular fasci

—these are among the abnormalities which may be detected by
observation only

Spmal ngidity 15 an early sign of great ymportance, and
mability of the child to kiss its knees 15 a popular and useful test
for this suffness  Kernmig’s sign also becomes positive and the
neck muscles are ngid

‘There ts an art 1 detecung shight degrees of neck ngidity
a good method of testing this 1s for the examiner to rest hus
elbows on the bed, one on each side of the patient, and then
with this support to Iift up the chuld’s head gently with a move-
ment of the fingers and wnists (Fig )  In this maneuvee the
movement can be carned out so gently that voluntary resistance
by the panent can generally be avorded,

Exammation of the nervous system

Clearly the amount of neurological examination during the
pre-paralytic stage should be limited to bare necessities.  How-
ever, two or three muscle groups can be examtned roughly m
each lumb 11 2 very short space of time, as also can the mam

P D a7
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Fic 7 —Method of testing for neck rgidity
Note that the elbows of the examiner are supported while the head is
fleved by a movement of the hands and fingers

trunk muscles It 1s improbable that there will be much weakness

in a ltmb 1 whach the tendon reflexes are still active  Accurate

muscle charting 1s quite out of place during the acute stage of

the major illness, but suffi i is obviously necessary

1n order to recognize frank paralysis, and to follow the progress

of the paralytic process The following stmple tests will be
tound appropriate to many cases,

Mental state and general appearance. It has already been
mentioned that mest patients with pohumyehtis remain fully
consctous, and never appear to be gravely ill as far as their general
appearance 1s concerned.  Toxic confusion is rare, but drovsiness
and even coma may occur, and may then mask the signs of
paralysis of the pharynx

The adult patient may become very hysterical, especially if
breathing 1s becomng difficult, and this mental reaction has led
to some very shocking mustakes in diagnosis As 2 part of the
mental prcture 1t may be mentioned that the ntefligent zdu}r
often makes the correct dragnosis of his own case before his

doctor does
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The air passages and lungs. Obstruction to the 2ir passages
must be recognized by the first doctor to see the patient  Listen-
ing to the breath sounds usually gives all information required,
for the irregular and embarrassed efforts to breathe lhrou gh mucus
in the pharynx are ly <t The is of
obstructed respiration is quickly confirmed by the “dramatic
relief which follows postural dranage (p. 6g). Should collapse
of a lung already have occurred the raptd and strugghng respira-
tion may suggest the diagnosis of pneumoniz, and 1if the
respiratory muscles are weakening exhaustion and collapse may
develop quickly.

Trunk and resprration.  Examunation of the muscles of respira-
tion 1s of special importance, as on this must depend decisions
as to the need for respirator treatment either o maintain hie or
to rest weakerung muscles {see p g1} If trunk muscles are
paralysed, tuning movements in bed become impossible, and the
chuld 18 qute unable to sit up without support. The abdamrnal
and spinal muscles are generally affected together, and the former
13 quickly tested by an attempt by the patient to Lift his head
forwards off the pillow, or to cough, while the examiner watches
and palpates the abdominal muscles. Inability to ratse the head
may, of course, be due to paralysis of neck muscles, but this 1s
easily recognized 1n the conscious child by gently raising his
shoulders off the bed, when refiex maintenance of head posture
will cause the neck flexors to contract if they can The head
lolls backwards with this maneuvre when the neck muscles are
paralysed  If the cough or cry 1s very fecble, the abdomunal
muscles are probably already paralysed Deviation of the
umbilicus (up, down or to one side) indicates segmental or one-
sided weakness  The abdorminal muscles are of course exprratory
muscles and not of such vital importance as are the muscles of
wspiration, the most 1mportant of which are the intercostals and
disphragm
Tor the s and diaph p of the trunk

. .

a4

EOty NS -

of tidal air with each hrcath but a good test for respiratory
failure, provided the larynx 15 not affected, 1s to ask the patient
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to count rapidly, and to observe how far he can count 1n one
breath. Counting to over 20 in one breath is easy for the normal
person, and as respiratory paralysis develops, this drops to under
10, and even to under 3. There is much to be said, howerer,
for taking actual measurements of tidal arr and vital capacity i
these patients with some form of spirometer (Bourdillon ef af,
1950).

Gas meters are now available to take the place of the clumsy
water spirometer, and 1f 2 mask with non-return valves is used

Fi6 8 —Mask, one-way valves and gas meter to measure tidal
ar and wital capacity.

the patient 1s enabled to breathe comfortably through the meter
for several breaths (Fig 8) 5
Such measurements, if taken at, say, hourly iflten'als. ghe
ample warmng of developing respiratory insufficiency dl.xc o
paralysts, and many physicians introduce a pertod of respirator
practice long before the weakness advances to a dangerous cxtcr;’h
It should of course be appreciated that either paralysts of the
throat or paralysis of the muscles of respiration may lead l; 3
very similar picture of respiratory msufficency ; and yet & ?
must be distingueshed from each other, as the appropnate tr;)n’-
ments for the two conditions are quite different one from the othet.
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There is, moreover, a third type of respiratory difficulty which
may develop either from direct involvement of the respiratory
centre by disease, or 1f respiatory insufficiency is not quickly
treated, from the effects of anoxia on the resprratory centre.
Finally, there may develop any combnation of these various
causes of respiratory wnsufficency, so that the assessment of a
complicated case may present great difficulttes

The extremuties

During the acute stage the strength of the extremities is
exarmined for two chief reasons  The first 15 to recognize gross
paralysis if it appears, and the second 1s to follow the course of
the paralytic process to the point where 1t stops getting any
worse The muscles are examined duning the major illness as
little as possible, but a few tests should be carnied out once or
twice datly to ascertain the general distribution 2and severity of
panalysis.  In the tnfant, the mere act of hifting up a hmb will
stimulate vatious muscles to contract, and muscle groups which
fail to contract are generally easily 1dentified through watching
and gently resisting the spontaneous movements of the limbs,

Upper limbs  If the arms are held out against gravity even
for a moment, the deftord at least must be contracting. The
main muscle groups can be resisted and tested n both arms at
the same time 1f the patient can respond to instructons such as

“ Press your elbows down to your stdes and hold them there
(shoulder-fixtng muscles),

“Pull your hands up to your face ” (biceps),

* Push my hands away " (triceps),

Squeeze my fingers hard ™ (forcarm muscles) ;

** Spread alt your fingers out and don’t let me press them 1n ™
(small muscles of hands)

Each movement 13 resisted by the exanuner 1a order to estimate
the degree of weahness 1f any

Lotcer imbs  The lower mbs have to be exammed one at
a ume, and st should be remembered that the weight of the hmb
interferes with muscle-group testing much more 1n the lower limb
than 1n the upper  Duning testing, therefore, the examiner will,
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in cases with weakness, find it necessary to support the weght
of the limb with one hand under the knee and one at the ankle,
while he asks the patient to try as follows :

“Pull up your knee as much as possible ” (thigh and knee
flexors) ;

* Push your leg out straight " (thigh and knee extensots);

“ Press your leg down towards the bed ** (thigh extensors);

“Pull your toes towards you " (dorsiflexors);

“ Push down” (plantar flexors).

In this sort of way the main muscle groups can be tested in
a few minutes, and examunation can often be adequately carried
out even with the patient lying on his stde. Examynation may
be greatly hindered by muscle tenderness, and may then hae to
be modified considerably.

Reflexes and sensation

A somewhat cursory examination of sensation will suffice
unless, of course, there is any possibility of some other form ¢
acute spinal disease as 2 cause of the paralysis.

In poliomyelitis there is no loss of sensation, while the muscle
are often tender 1n all parts of the body. If tenderness is local
the diagnosis 1s probably not poliomyelitis, and conditions sucl
as osteomyelitis or septic arthritis should be considered. It
pohiomyelitis there is no true jont fixation by muscle spasm suck
as 1s seen 1n joint infections,

The tendon reflexes disappear as paralysis develops, and
absent reflexes provide a valuable confirmation of genuine acutt
lower motor neurone paralysis The plantar response is absent
or else g lly flexor, The abdominal reflexes are absent if
the abdominal muscles are weak. 3

Retention of urme 1s an mmportant early symptom in som¢
cases, so that bladder distenston must not pass unobsm’cfl
Abd 1d 15 ) pecially in
cases bemng treated 1n tank-type respirators.

The Cerebrospmal Fluid (C.SF.). The changes in_ th
cerebrospnal flurd are most helpful. The cerebrospinal fluid in
the mayor illness 1s very rarely normal, but there may be only 2
shght increase of cells to, say, 20 per c.mm. with a neghgible
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increase in protein to 40 or go mg per 100 ml  In some cases,
however, there are 00-800 cells per ¢ mm,, 85 per cent of which
are at first polymorphs, and many such cases are treated first as
cases of pyogemc memmgrts.  However, the protein in these cases
15 relatively low (80-200 mg per 100 ml), whereas n pyogenic
or tuberculous meningitss the protein generally rises in proportion
to the cell count

As paralysis develops the cells drop 1n number and become
chiefly lymphocytes, while the proten nises (perhaps to over
500 mg per 100 ml) and remams high for several weeks

DirrerentiaL D1aGNosIS

The correct and carly diagnosis of tntracramsal infections was
at one time of limited practical importance Now, however,
with the development of speafic treatment for several of these
diseases, the early and accurate diagnosss of intracranal infections
has become ncreasingly wmportant, and throws a formudsble
burden of responsibility on the physicians and surgeons concerned

The rapid onset of spinal symptoms m the typreal case of

litis has been described, and the kable preservation

of full consciousness 1s often a striking feature Indeed, the

absolute memal clartty in such cases ncludes a host of grave

whether phal Thus,

mental srritability or confuston ts usually an early sign of tuber-
culous meningitis

‘The meningitic symptoms or signs may be the same 1 many
infections, but i poliomyelitts they are often relatively focal, and
may at times be confusing in thewr vagueness There may, for
example, be severe sacral parn without headache, par®sthestz in
the thighs, or pain in the chest or trunk (resembling Bornholm
disease)

‘The appearance of muscular fibnllation, and later of scattered
lower motor neurone paralysis with muscle tenderness and

tiaty to , make the diag of p yehits quite
certan

Difficulties anse when there 1s polioencephalitis with disturbed
consciousness, but none of the fmnk local crantal nesve palsies

The of early tub may be very
difficult when the changes 1n the CS F are not charactersstic,
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and when careful search for the tubercle bacillus in the C.SF.
15 pegative,

Recent work by Taylor ef al, (1g54) has shown that the blood-
C S.F. barrier for bromtde breaks down very eatly in tuberculous
meningitis, but not i virus infections such as poltomyelitis
This may, therefore, be used as a diagnostic test,

In considering other possible infections of the central
nervous system, various forms of wirus encephalitis and the post-

Z ephalomyelopathy may require consideration.

Mumps menmngoencephalitss is surprisingly common. Epudemic
pleurodyma (Bornholm disease) may resemble poliomyelitis very
closely. There 1s here often a curious chest pamn and tenderness
with fixity of the diaphragm, with recovery in 24 to 48 hours;
but often one or more relapses occur. Limb muscles may also
be involved.

Acute infective polyneurstis may closely resemble a rapidly
spreading type of poliomyelitis, but the symmetrical spread to all
muscles, including the face, with subjective sensory loss and 2
very hugh protein content 1n the cerebrospmal fluid v thout cells
distinguishes thrs disease on careful investigation. Every fﬁoﬂ
must be made to recognize these cases of acute polyneuritis, 3
they make a complete recovery 1f kept alive during the period
of complete paralysis (often lasting 2-3 weeks). There 13 2
sertous danger that these may be looked on as hopeless cases of
poliomyehtis, and may even on this account be denied the
enormous effort required by those in charge to preserve tife
during the phase of severe paralysis (Crampton-Smith ¢ d,
1954}, . X
Almost any condition which causes paralysis may, during an
epidemic, be mistaken for poliomyehtis. Thus, cerebral throm-
bosts or hamorrhage, transverse myelitis and hystersa should be
mentioned,

Pressure palsies appear suddenly without associated xlln'tS!.
and lesions of speaific peripheral nerves result. Shauldzr—g‘,’d”
neurttss (neuralgic amyotrophy) sometimes causes confusion.
Severe pan 1 shouldes-girdle muscles is followed often a(;tr
4 o 4 days by flacaid paralysss (usually complete) of muscles
supplied by one or more peripheral nerve of nerve root. ;
arcumflex, the suprascapular, the long thoracic and the 3V
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cervical root are the nerves most commonly affected The
clinical course is quite distinct from the paralysis of poliomyelitis
for it resembles the behaviour of the facral muscles 1n Bell's
palsy or in a pressure palsy. The paralysis is often complete at
first, but recovers either like a transient nerve block in 3 or 4
weeks, or laberjously by m3toy h process
which never occurs tn poliomyelitis.

Bell's palsy 15 usually distinguished without difficulty, for
though facial paralysis may oceur in poliomyehtis it is rarely
quite as complete as 1s common in Bell's palsy and the course
of recovery is again quite different, as it 1s 1n shoulder-girdle
neuritis

Botuhsm, rabies and local tetanus should be mentioned in
connection with diagnosss,

Another group of canditions which may cause difficuity n
wnfants are those which cause 2 panful refusal to move a limb
such as occurs in osteomyeltss, acute wfeciive arthritss or 1n some
form of focal wyury

Rigidity of the spine due to evtradural abscess is specually
important, as faiture to provide surgical decompresston ts likely
1o lead to transverse myehtis

Lesions of the cervical spme, such as the rare, but dangerous
subluxation of the odontoid process, cause neck stiffness of a
different type, 1n that gentle rotation movements are also pre-
vented, and an chvious dxswmon of neck posture is often apparent

When resp or atel develops 1t has
already been pom(ed out that primary preumonia may be dmgnosed
and the hystencal reaction of the patient developing respiratory
paralysis may lead to the disastrous mistake of thinking that the
symptoms are psychogenic i ongin

Finally, the patient with hmb or trunk paresis often looks
quite \\ell and may be told he has nothing the matter, or perhaps
some In this the i of knowing
how to test the strength of muscle groups is obytous {sce MRC.

War Memorandum No ).




CHAPTER V

FACTORS WHICH INFLUENCE CELL
VULNERABILITY

In studying the practica] management of cases one naturally
searches for factors which might decide which cases are likely to
develop sertous paralysis. Does one person become paralysed
because he has less immunity to the virus than others similarly
affected, or 1s his resistance influenced by some passing state of
his own cell metabolism ? A striking phenomenon in this atter
connection was demonstrated by Howe and Bodian (1942}, for
they found that section of a nerve root shortly before experi-
mental ntracerebral infection with poliomyelitis virus gave the
nerve cells supplying the sectioned roots complete protection
from the virus  On the other hand, Swartzmann (1950) and
others have shown that cortisone enhances the effect of polio-
myelitis infection in hamsters and mice.

It is now well known that viruses enter intimately into the
metabolism of the host cell, so much so that the virus particles
seem to disappear at certamn stages of therr intracellular develop-
ment. Increasing attention is therefore being paid to the possi-
bility of disturbing the cycle of virus multiplication by m(crffﬂﬂg
with the metabolism of the host cell At the Second Internationsl
Poliomyelitts Conf in Copenhagen Horsfall (1g51) stated:
“ If the objectve of interrupting virus multiplication by chemica
means 1s to be attamed, present evidence supports the 1dea that
this will come about through substances which act on intracellutar
components, posstbly 1 enzyme systems, rather than on the
virus per se*

This field of rescarch has been opened up very greatly by
the discovery by Enders (1951) that poliomyelttis viruses can be
grown on cultures of human embryonic tissues, Another promts-
1ng field for research is provided by the study of bactertophages
which act as do viruses n relation to the bactera they 1 ect
(Delbruck, 1951)  These fields of research greatly u:lcre;lse the
prospects of a method of treatment being found which can be
used to arrest virus activity in the acute stage of the disease.

46
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‘Thus Alnshe (1952) has been able to arrest the multipheation of
palia vicus by intecfering with the Krebs metabolic cycle of the
cell, while Sanders ef al, (3953} have studsed the effects of various
neurotoxins such as the detoucated venom of vipers. The
possthle chaucal value of this work is now under tmvestigation.

Physacal actieity ofter onset of the major iliness  Another clue
to this problem 1s provided by a study of the apparent effect of
physical activity on the course of the disease.  In many epidemics
there have been reports of an apparent association between great
phystcal exertion and a rapidly following fatal paralysis, while
Levinson, Milzer and Lewin (1945) provided some experimental
confirmation  The importance of this matter has becn studied
by a simple I A senes of comal t patients was
carefully questioned 28 to their actmities before and after the
onsct of their symptoms, and a scormng system was used both
for the amount of phystcal activity and for the sevenity of paralysis
{Russell, 1947, 1949; Horstmann, 1g50).

"These tnvestigations showed that the amount of exercise taken
prior ta the onset of the magor Mlness (memngitic stage} bare no
very defimte relattonship to the development of paralysis  The
story, however, was very different af the amount of physical
activity taken after the onset of the major illness was compared
with the severny of paralysis  Not that a large proportion of
severe cases indulged in great physical effort after the onset of

pared ta Table I It will be noted that the methods of scoring
used are not sdentical 1n these two studies, and are therefore not
cxactly comparable

‘The author’s figures are grnen in more detail in Tables 111
and IV In Table HI, the days of the disease sre numbered
backwards from the day paralysis appeared (P-1, P-2, P~3 and
P 4)  The cases are divrded 1nto two groups + {1) shight paralysis
—good recovery expected , (2) moderate or severe paralysis—
permanent disabahity expected  The proportion of cases in each
group which contnued physical activity during these four days
1s shown 1t 1s obvious that non-paralytic cases cannot be
wncluded 1n Table M1
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Tasee 11

The effect of physical actitits continued after the onset of the major tllness on the
development of moderate or severe paralyss

| Nember developing paratyss

Dr. Hors¢mann's cases (moderate, severe or fatal)
174 patients rested on first day of illness after
onset of symptoms of major ifiness .
173 patients did not rest on first day after onset
of symptoms . - . . .

62 (35 per cent)
133 {37 per cent)

Dr W R Russell’s cases
38 patrents rested during the whole 24 hours
following onset of major illness . .
31 patents did not rest during the whole of the
24 hours after onset . . .

8 (a1 per cent)
43 (84 per cent)

Tanez (11

Prysical activity on the days preceding paralysis compared in cases developry
(1) slight, (2) moderate or severe pavalyns

'No of patients i each group who undertook
moderate or severe physical actrity dunng
cach of the four davs preceding paralysss
Seventy of paralysts (P-1, P~z, P-3, P-4)
Pt Pz P-3 | N

Shght (31 cases) . o 6 (x8%) 11 (33%) -8(54:..)
Modenteoru\ere(5qczsex)‘ 14 (23%) 35 (59%) 51 (86%) 53 (90%)

Tasie IV

Comparison 1 ** typieal ”* cases only, betiecen the severtty of paralysu and the
amount of physical actitsty after the onset of the pre-paralytic stage

Permanent paralysis

—
Amount of physcal activity after onset

|
'
» iC sta; Shght Severt
Nil or shight for less thart 23 hours J 30 6 z
Moderate or setere for Jess than 24 hours 6 9 7
Shight, moderate or severe for more than s
24 hours ‘1 2 2|
- - = b R
i
Totals 38 27 24

Another method of investigating this matter 1 by m{mbcring.
the days of the discase from the onset of the pre-paralytic stage s

but this can only be done in the “ typical * cases with an abrupt
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usual work played rugby football, Day 8 : Severe pain in spine and
chest with fever. Conttnued work, Day g : Severe paralysis of all
muscles of the lower limbs and Jower trunk

Case 24 (91).  Awrman, aged 22 Days 1 and 2 ; Sore throat and
headache. ~ Quiet dayson boardship  Day 3 : Ashore watking around
all day. In evening developed sacral pan. Day 7: Paralyss of
abdomnal muscles and thighs.

Cask 25 (84). Airman, aged 23. Day 1 : Cold m head and sore
throat for two days  Days 3-9 © Tired, but weather very hot Dy
70, Very hard badminton match, In evening developed fever and
pan in head and neck.  Day 13 : Severe paralysis of both upper limbs

Cask 26 (71).  Schoolboy, 2ged 14. Had cold for three or four
days. A week later he played rugby football, and on the night following
developed pam in the back and 'a few days later slight abdomina!
paralysis.

In the series of 100 cases studied there are 4 further examples
of this type among the group of " typical » cases with 2 minot
iliness, There are also 9 among the *“ typical ” cases without a
minor illness in which the pre-paralytic stage with spinal symptoms
was immediately (within 2 to 24 hours) preceded by some specidl
physical activity as in the following examples.

Spectal physical activity ymmediately preceding :px'mz{ symploms of
the major dllness 1n * typical ” paralytic cases with no reported
wmnor lness symptoms

Case 3 (28). DMale, aged 12 Football six hours before onset.

Case 1g (1) Female, aged 33 Six hours spent washing for 2
school, extra to usual work, erght hours before onset, fer

Cast 27 (4). Male, aged 13 Long run (several miles) soon afte
beginning of schoal term, sixteen hours before onset. :

Case 28 (86) Male, aged 22. Tennis tournament 3l day twenty
four hours before onset. Yachting six hours before onset. four

Case 29 (94). Male, aged z1. Tenms tournament twenty-o
hours before onset hours

Case 30 (g0). Male, aged 28  Playing squash-rackets three
before onset,

Type of physical actruaty related to site of ?a’abw‘:\'
have been many reported of the paralysis of p oot l! the
bemg worse 1 those muscles which were most exercise ; s
onset of the illness Table V gives scveral.c'(ampks o'tc of
correlatton between the type of physical actvity and the s‘dmg
maximum paralysis, and thus provides further evidence regart
the harmful effect of physical activity.

There
Antis
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Poliomyelitis developing 10 days after an operation on left forearm—
Sladl left upper limb resulted

Case 33, A boy, ared # eveosomo 1
and ulna on § 10.49
open reduction was car
pain in the back of the nead ana nausea. He was transferred o the
Western Hospital, Fulham (Dr. Kelleher), where he was found to have
meningeal signs.  Within a few days he developed complete paralysis
of the left upper Iimb, which was permanent. The lower lmbs and
trunk were not affected but there was some weakness of the night 2rm
‘The cerebrospinal flurd after the onset of paralysis was found to contain
30 mg. per 100 ¢.mm, and 3o cells per c.mm., mostly lymphocytes

Poliomyehtss developing during a course of electroconvulsion therapy
Jollowed by a rapidly fatal form of the disease

Case 34. A man, aged 30, while having electroconvulsion therapy
once darly for schizoph , developed headache and fever on 26 10 49
He was at once transferred to the Western Hospital, Fulham, where
he quickly developed widespread paralysis. The cerebrospinal flud
contamned 140 cells per ¢ mm. and 190 mg. of protein per 100 ¢ cm
Breathing was mai d 1n 2 respl from 7 30 p m, on 27 1049,
but he dred at 3 pm. on 28 10.49. Post-mortem examtnation con-
firmed the diagnosis . severe changes were seen in the brain stem and
motor tortex as well as m the spinal cord (Fags 1 and 2).

Harrington (1951) has also found that trauma shortly preceded
the onset of paralytic pohomyelits 1n § of 100 army cases. In
each case the site of maximum paralysis was related anatomically
to the site of the mnjury.

Tonsillectomy With regard to tonsillectomy, it seems

bted that pol litis developing soon after tonsill y
has an mncreased liability to develop the dangerous bulbar type
of palsy (case 35, p. 30), but what 15 even more disturbing is the
recent statistical evidence that an undue proportion of those who
develop bulbar poliomyelitis have previously, often long before,
had therr tonsils removed  Lucchest and La Boccetta reporttf
this 10 1955, and their findings have been corroborated by others

I 4 e Inocule It has also become evident
month of a prophylactit
paralysis of the timb

J:
that poliomyehtss following within a
inoculation 1s lable to lead to a preferential >
injected (McCloskey, 1950) + Hill and Knowelden {1950} con

o See Editorial in J Amer med Assoc, Apnl 3, 1954, p 1180
+ See also papers in Amer ¥ Hyg, February, 1952
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firmed these findings, and further found statistical evidence which
suggested that the inoculation not only led to maximum paralysis
in the arm injccted, hut that moculation actually contributed to
the deselopment of a major 1llness in what would otherwine liave
presumably been an abortive case,

Any suggestion that these localized post-inoculation cases
might have been due to a form of shoulder-girdle neuntis can
be definitely discounted, and follow-up study by Geffen et al,
(1953) has shown clearly that the weakened muscles recover to
the same extent as occurs in other cases of poliomyelitis

Bodian (1954) has been able to reproduce expenmentally the
provoking effect of lar 1n) 1n monkeys who were
tnfected with pohiomyelitts virus by the diac route  He
found that the harmful provoking effect of an intramuscular
trauma by injection continued to operate for an interval of up
1o 1o weeks between the local trauma and the ntracardiae
mjection  He concluded that the effects of the local trauma
seemed to be on the blood vessels of the spinal cord, and that
this effect 1n some way interfered with the blood-brain cell
barrier. Tructa and Hodes (1g54) have also made some experi-
mental observations on this matter

T A B. Inoculation on right arm  Acute dliness 7 days later , paralysis
of nght arm
CasE 31 {12) A newly conscripted soldier, aged 18 Day 1
A'T A B ‘inoculation was given by subcutaneous injection on the outer

Pt

fever (103° F — 394" C) were added to symptoms. Day 9 The
cerebrospinal fluid contamed 133 white cells per e mm and 75 mg of
proten per 100 ml  Day 20 Paralyss of night deltoid, biceps and
triceps  No other muscles were affected
Paralyuc polomyeliis follonng diphtheria-pertussis inoculation

Case 40 (S M 636) Female, aged 1z months Dayr  Diphthena.
pertussis inoculation into left thigh  Days 5-12 ‘Catarrhal illness,
fover, “wretched”  Dav 15 Drowsy and irntable  Day 19
Onsct of paralysts, admitted to hospital ~ Respiration jerky and
uregular, meningsm Paralysed legs, trunk and left amm  Daye
20-29  Treated in tank respirator  Day 60 Total paralyss of the
Iefe lower Iimb persists, parteal paralysts of mght lower limb, right
trunk and right shoulder girdle

r-E
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Severe paralysis of lower limbs and trunk ro days after several intra-
muscular injections in buttocks

Case 32 (101). Schoolgirl, aged 10 Day 1 ¢ Severe earache, for
which she was given mtramuscular injections of penuiltin into the
buttocks every four hours for three days. Day 8 : Felt tired and had
2 slight headache on waking, Though her femperature was normal
at lunch-time it was raised a little by the evening. Shght actaty
during the forenoon ; then went to béd. Day g : Shight sore throat
added to symptoms  In bed all day. Day 10 - Felt quite well In
bed all day, except that she got up to motor home—one hour’s journey,
Day 11 : Developed moderately severe pains in both thighs ~ In bed
all 'day. Day 12 - Severe paralysis of both lower himbs and lower
trunk muscles. This was still very severe two months later. (Her
brother also had pawns in the thighs at about the same time but did not
develop paralysis )

Discussion oF PrOvakiNG FACTORS AND PREVENTION

Some of the above evidence does not carry complete conviction,
but we must accept much of it and attempt to adjust our attitude
to the disease accordingly. For example, it seems preferable to
hold athletic contests out of the poliomyelttis season, whith 1
chiefly from August to Nosember  School “ Sports * at the cn.d
of July should therefore be discouraged ; the month of May is
much safer than July in the Northern Hemisphere from this
pomnt of view

With regard to the general supervision of children, a rest-
period durng the day is beneficial from every point of view, an
it 15 worth while, during eptdemics, to take extra trouble to
supervise and prolong periods of physical rest, and at the same
time to limut the amount of that severe type of physical exercise
which 1s often practised to great excess during holiday months.

The first few weeks after reassembly of school in the autumn
should be a pertod of watchfulness, as there may be earriers
among the pupils and staff. B

Public health measures destgned to 1solate possible cases. of
poliomyelitis may lead to patients being submitted to exhausting
journeys to hospital at a stage of the disease for which compl;fc
rest 15 most urgently needed  The physician should protect his
patients from such measures, for the value of these has never
been proved as far as poliomyelitis 1s concerned

Tn most wmstances the patient’s interests alone should be taken
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into account when deciding whether or not he should be sent
to hospital, but this decision often presents difficultres which are
discussed in Chapter VI

With regard to operations and injections, 1t 13 generally agreed
that operations on the nose and throat should, tf possible, be
a\mdcd dunng the epldemlc seascn owing to the danger of a
the bulbar form.
Proph)hcnc moculmuns should alsu be given, where possible,
outside the epidemic period

The dangers of syringe infection must always be remembered ;
heat stenlization for needles and syringes is required before
moculations of all kinds
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Severe paralysis of lower hmbs and trunk 1o days after several intro-
muscular injections i butlocks

Cast 32 (101).  Schoolgirl, aged 10 Day 1 : Severe earache, for
which she was gnen intramuscular injections of penicilln mto the
buttocks every four hours for three days  Day 8 : Felt tired and had
a slight headache on waking, Though her temperature was normal
at lunch-time it was raised a iittle by the evenmng. Slight actnity
during the forenoon ; then went to bed. Day g + Shight sore throat
added to symptoms, In bed all day. Day 10 : Felt quite well T

trunk ‘musclés.  This was still very severz two months later. (Her
brother also had pains in the thighs at about the same time but did not
develop paralysis )

DiscusstoN oF PROVOKING FACTORS AND PREVINTION

Some of the above evidence does not carry complete consetion,
but we must accept much of 1t and attempt to adjust our attitude
to the disease accordingly  For example, it seems prcfcra{)lc 0
hold athletic contests out of the poliomyeluis season, which 1s
chiefly from August to November. School * Sports * at the eﬂ.d
of July should therefore be discouraged ; the month of May 1s
much safer than July m the Northern Hemisphere from this
point of view.

With regard to the general supervision of children, 2 rest-
pertod durng the day 15 beneficial from every point of view, and
it s worth while, dunng eprdemucs, to take extra trouble to
supervise and prolong periods of physcal rest, and at the same
time to Iimtt the amount of that severe type of physical exercis¢
which 15 often practised to great excess during holiday months

The first few weeks after reassembly of school in the autumn
should be a period of watchfulness, 2s there may be camiers
among the pupils and staff.

Pugbhc hzal}:h measures designed to lsqlatef p.'iss:blc Lcascz ::
poliom o
Journey
rest 1s )
pattents from such meastres, for the value of these nds uvr

been proved as far as poliomyelitis 13 concerned be taken
In most instances the patient’s interests alone shoutd be 12
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mnto account when deciding whether or not he should be sent
to hospital, but this decision often presents difficulties whch are
discussed 1n Chapter VI,

With regard to operations and injections, 1t 1s generally agreed
that operations on the nose and throat should, if possible, be
:\mdcd durmg the cpndemnc s::\son owing to the danger of a
g the bulbar form
I‘rophylamc mocu]anons should also be gl\'tn, where possible,
outside the eprdemic period,

The dangers of syninge infection must always be remembered ;
heat sterihization for needles and syringes is required before
moculations of all kinds




CHAPTER VI
MANAGEMENT AND TREATMENT

Minor illness,  Itis only during a severe epidemic of poliomyelitis
that the minor illness is likely to attract any attention. During
such an epidemic, however, 1t is wise to remember that a short-
lived minor catarrhal upset (often lasting only one day) may be
due to infection with the virus  Extreme restrictions with regard
to physical activity are not then justifiable, but it does seem
T ble under these to see that for the next ten
days or 5o the patient should be protected from undue fatigue

Mayor 1liness  The onset of the major illness leads to many
difficult problems in management. ‘The first point to stress 18
that the studies referred to in a previous sectron (p 47) -
dicate that physical activity of any kind at ths stage is dangerous,
and every effort must be made to ensure physiological rest at the
earliest possible moment, The illness has now reached the
critical stage, and within a few hours or days the fate of tens of
thousands of motor cells will be decrded. It 15 evident, therefore,
that complete rest 1 bed must be enforced af once, regardless of
the inconvenience and difficulties this may cause. Here at once
we encounter the serious problem regarding the desirability of
transferring suspected cases to hospital. During epidemics many
cases reach hospital before paralysis has developed. These cases
are therefore being sub d to 2 frightening and may be exhaust-
1ng expertence at the very time that complete rest is most desirable.

This situation 1s disturbing for it often Jeads to the question
~—*“Would the paralysis have developed so severely, or.mdftd
at all, 1f the patient had been kept quietly at home during the
critical phase of the major illness 2" On the other hand, the
development at home of bulbar palsy or respiratory par?])sxs is
a possibility to be dreaded, unless a mobile umt 1s available to
go to the patient when this develops. 4

A child who is confused, unconscious or sery drowsy shoul
always be sent to hosprtal, as the diagnosis may prove to be so.r(n:l?
type of requiring smin duate t t; and hospi

5
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treatment is generally required for such seriously Il patients
In other cases it will be appreciated that home ci

necessitate individual assessment; but it seems that the indis-
criminate transfer of all suspected cases to hospital is not desirable
even dunng an epidemic, for it then serously increases the
burden on hospitals which ate probably already unable to deal
properly with the dangerously 11l Under epidemic conditions
also small mobule units are very valuable, as such units can
be transferred to assist with local outbreaks of the disease, to
carry out special investigations (such as lumbar puncture) on
patients 1n their homes, can observe the progress of doubtful
cases, and be equipped to mantain artsficial resptration during
transportation to hospital should this prove to he necessary
{Russell, 19523 Lassen, 1953).

The decision to move the patient to hospital or not, should
therefore generally be taken from the point of view of the patient’s
interests alone  The other members of the famuly have probably
already been exposed to the Virus, and the 1ncreased risk involved
by keepmg the patient at home 13 very slight, and should certanly
take sccond place when 1t 1s considered dangerous to move the
patient It 1s generafly agreed that attempts to control the spread
of infection 1n poliomyelitis have not yet been shown to contribute
apprecably towards the pul"p(ﬁc |nlcndcd

The locatized and ks of poliomyelitis cause
great alarm to the local commum(). :ﬂd most Medical Officers
of {lealth feel oblhiped 1o adsise transfer of all cases 1o 1solation
hospatals  ‘This has often led to a quickly developing state of
chaos n the recening hospital which involves great hazard to the
patients admitted so precipitously  many otherwise asoidable
deaths have resulted from this commonly applied policy.

More rational by far 13 the recent American tendency to treat
straghtforward ca<es of pohomyelitis at home duning the major
tllness (Stimpson, 1932), but this 1s still an anxious matter, and
the doctor 15 well advised to share the responaibility for such a
deaisson with a colleague or specralist )

Isoration

Tralation precautions ate generally practised, though therr
cffectiveness i this disease has never been fully established
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Medical staff

‘The greneral medical care of poliomy ehius in the acute stage requires @
(4) Immediate supervision by registrars or senior registrars who
have had at least a short course in the eare of acute polio-

mychitis

(%) House officers who can be tramed by the consultants or experi-
enced regustrars, so that one competent doctor can be sum-
moned to a case at very short notice

(c) Anasthetists or EXN T, specialists who are available day or
mght to assist in maintaming a free airway—often a vital
requirement.

(d) A team of consultants, comprising neurologsts, general and
infections  discases physi hopad
surgeons and thoractc surgeons who have a knowledge of
acute poliomyelitis

Care must be taken, however, to avord the danger of too many

specralists confusing management of the case

The number of medical staff required during epidemics vanies from

day to day according to crcumstances, but m a sharp local outbreak
all'the medical, pardiateie, orthopedic and EN T registrars in the area
could, with adsantage, be avarlable to help, and should therefore have
had some special instruction in the care of acute poliomyelitis,

Nurses

The complex methods of treatment which may be required make
1t necessary to have nurses with special expenience, but in epidemies
the number of expenienced nurses will often be madequate.  In addi-
ion to the nurses who have already been trained in the care of pattents
with paliomy elitis 1n nfectious disease hospitals, a panel of nurses who
volunteer (o treat cases in the acute stage should be prepared i all
regions  They should be guen practical instruction as soon as possible
and should immcdiately be released from other work if their services
are required m an eprdemic In compiling the hist of volunteers,
preference should be given to nurses who have had expenence 1n the
general medical, prduttic of orthopedic wards of a general hosprtal.

Stmlar recommendations are made in a Minustry of Health
arcular {1953)

1t 14 of couree quite impossible to provide all these conditions
0 some of the hospitals which recene acute cases  This applies
specually to the smaller infectious discase hospitals, so there is
much to be smd for treaing pohomyelitis n medical wards
allotted for this purpose 1n general hospitals, and where ths has
for long been practiced there 1s no convincing evidence that it
teads to an increased nisk of cross-tnfection
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The typhoid type of precautions are appropriate, and some
authorities advise isolation of contacts for a period of two 1o
three weeks, especially in the early cases of an outbreak, when
there is sometimes evidence of a narrow stream of mfection
(Francis, 1952; Bradley, 1950) such as on theorettcal grounds
should be to some extent controllable by public health measures
However, in other outbreaks the virus seems to be very widespread
and only b pp by affecting scattered individuals sho
presumably have less immunity or are exposed to an excessne
quantity of the virus.

One possible reason for the general ineffectiveness of Public
Health measures is that the patient is infectious before he has
symptoms : thus, as has already been pointed out, the virus has
already invaded the blood stream at the time of the minor illness,
and when the major sliness begins there is already a high specific
antibody response to the virus concerned (see Melnick et df,
1954). The important studies by Melnick and Ledinko (1953)
on the numercal ratio of clinical cases to napparent infections
has already been considered (p 12).

Provision oF ADEQUATE HosprTAL TREATMENT

The great majority of cases of suspected poliomyelttis are
however still sent to hospital, and every effort should be made
to ensure that they get all the treatment required. Thus: l?xe
Poliomyelttis Commuttee of the Royal College of Physicians in its
second terim report (19353) wrote:

Disposal of acute cases of pohomyelitss

Each Regional Board should make proviston in advance fur‘thc
adequate care of sporadic cases, and should prepare a plan for dealing
with a possible epidemic. "

The Committee are of the opion that patients with acute po ';’-
myehts should, except in an emergency, only be ?dmnged to hospita! S:
whether mfectious disease(s) hosprtals or others, in which the require:
ments set out in this memorandum can be fulfitled.

Medical and nursing care mn hosputal

Patients 1n the acute stage of poliomyelitis may suddenly dev ':;g
comphications which will make exacting demands on the nu;st}l ey
doctors.  Shortage of expenenced staff, lack of good hospstal faci lhsl!‘
or difficulty 1 getting immediate assistance from cestarn speciy
may quickly lead to disaster.
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Vedscal staff

The general medical cate of poliomyeltss in the acute stage requires ¢

() Immedate stperysian by registrars or senior registrars who

have had at Teast a short course tn the care of acute polin-
myelits,

{8} House officers who can be trained by the consultants or expen-
enced registrars, so that one competent doctor can be sum-
moned 10 a case at very short notice

{¢) Anzsthetists or EXN.T. speciahsts who are avalable day or
night to assist 1n mamtaing 2 free zirnay—often a wntal
requirement.

{d) A team of consultants, compristng neurologists, general snd
mfectious diseases  phystonans, pedistricians, orthoprdic
surgeons and thoracic surgeons who have a knowledge of
acute polwmyelites

Care must be tzken, howeser, to svord the danger of too many

e PLA T K

had some special snstruction tn the care of acute poliomyelis

Nurter

‘The comples methods of trestment which may be requered make
# necessary 10 hase nurses with specual expenience, but 1 epudemics
the number of exprrienced nuescs will often be tnadequate  In adde
ton to the nurses who have already been traned in the care of patrents
with poliomyelitss i infectious disease hospitals, a panel of nurses who
soluntecs to treat cases in the acute stage should be prepared m all
regons  They should be given practical instruction as snan as passtble
and should immedtatcly be released from other work if their services
are required 1n an epidemic  §n compihing the list of volunteers,
preference should be ginen to nurses whe have had expenence in the
general medical, prediatric or orthopedic wards of a general haspital.

Similar recommendations ace made w2 Minstey of Health
creculac (1933

it 13 of course quite impossible to provide all these conditions
in some of the hospitals which recenve acute cases  This apphes
specially to the smaller infectious disease hospitals, so there 13
muth to be sad for treating pohiomyehits m medical wards
afloted for this purpose tn general hospitals, and where this has
for tong been practised there 1s no convincmg evidence that it
leads to an increased risk of cross-infection
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However, in considering this matter it should be apprecated
that over 8o per cent of acute cases of poliomyelitis sunive the
acute 1liness however they are treated. Their lives are never in
danger and they can, without serious risk, be looked after by
untrained nursing staff. Some of the muscles may get tight, but
this can be corrected later by simple forms of physiotherapy.
Unfortunately, however, a very expert degree of supervision 1s
required to recognize carly the cases requiring special measures,
for the core of the problem of hospital care depends on the need
to provide extremely expert supervision for about 20 per cent of
all paralytic cases. This is required in order to prevent any
form of respiratory insufficiency which is the cause of death m
nearly all fatahties

SPECIAL RESPIRATION UNITS

In order to provide efficiently and rapidly for the dangerous
forms of the disease the writer has for some years been advocanng
the establishment of Special Respiration Units which will take

POLIOMYELITIS

ID HOSPITALS

Homme

« how d to a large generd]
Fi —Ta show how one respiration unst attache
© l?ospl(zl can serve several mnfectious disease (1 D) hospitals
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charge of difficult cases, fransferring them if necessary to the
hospital of choice. Some such plan is essential if the mortality
rate is to be kept at the lowest possible,  For example, in Oxford,
with full support from the Medical Officer of Health, we have
set up 2 Unit at the Radchiffe Infirmary. The Unit 13 in the
charge of a phystcian; it 15 solated within the hospital and
specially trained nursing staff are seconded from other wards
when required. The most important contribution comes from
anxsthetists, who nowadays have special experience 1n heeping
the airways clear under conditions which include curare paralysis,
coma from an anxsthetic, and an open chest with pus in the
broncht  ‘The anxsthetists should be prepared to take charge
of some cases and supervise them as they would an anwsthetic,
which however may last for some weehs nstead of a few hours
This kind of supervision can anly be praved by z large anesthetie
service, 2nd for this reason these specual uauts can only operate
efficiently 1n or beside a big general hosprtal (Fig. g)  Oaly the
difficult cases with respisatory problems are admitted to the
special Unit, and a mobile squad 1s avarlable day and mght to
transfer a case safely—the usual safeguards bemg faryngeal
intubation (tf necessary), removal of secretions, postural drarnage
and positive pressure breathing dunng the journey if required

Errects oF an LPmosic oy Hospitar Care

h has a]rcndy becn pcmlcd out that during an eprdemic of
of cases sent 10 the
m:enmg hospntzl will have been wrongly duagnosed

Though many cases of parslytic poliomyelus are never
dangerously ifl, others arrne at hospital i extremns feom the
effects of respiratory paralysis or of resprratory collapse due to
secretions berng inhaled e12 a paralysed pharynx and laryny, and
the patient who arrives in good condition may, of course, quickly
develop these critical complications

‘The only safe way to deal cfﬁclcnlly with all these disturbing

§ 1s for an 3 to see the case “on

the door-step ™ of the hospital, or to visit the pateent in his
home first

As there 15 no known means of detecrniing the patient’s
prospects during the pre-paralytic phase, 1t 1s necessary to watch

v
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all cases carefully until the spread of paralysis ceases. Only by
so doing can the development of dangerous complications be
recognized in time to prevent disasters such as the halatron of
vomit or massive Jung collapse.

The prevention of dangerous complications should be the
first aim of every unit admitung cases, while other aspects of
treatment such as care of the limb muscles in the acure stage are
of subsidiary importance. These views require emphasis, for
some small hospitals still consider that their chief function is
to isolate patients and ** to hope for the best ”, without making
any serious attempt to provide for dangerous complications
Others, agamn, are so concerned with the paralysed Jimbs that
thetr treatment overlooks the measures required to prevent
pulmonary atelectasis.

One of the greatest difficulties is to ensure that cases of
spreading paralysis are watched by doctors and nurses who are
familtar with the problems which may arise. Such close pfrsonﬂ]
supervision is required throughout the 24 hours that 1t is ufm'x
desirable that an experienced doctor should be within 2 mmutes,
call both day and might. Sharp outbreaks of pohomyeltis often
appear mn areas which have had Ittle recent experience of the
disease, while a local outbreak 1s often followed for several years
by a low incidence 1n that area  Hence, those who have acquired
good experience of the disease are aften not m the right place
to be able to help with the next outbresk. The difficulties
therefore are formidable, but the clear recognition of the pmb}ems
should facilitate a solution appropriate to varying local condttions

MANAGEMENT OF THE CaSE

Complete physological rest for the nervous system 13 by far
the most powerful fme of treatment yet at our disposal in the
acute stage, and for the critical early days it seems worth while to
take endless trouble to achieve this  Children must, qf Cours:},
be kept :n bed, but in addition they must be hept physically ;" '
emotionally relaxed The parents should realize that for a few
critical days great sacrifices are worth while to ensure full rel;‘;—
tion of a young child by reading or rocking to slecp lt
ertuation 1s 50 critical in the early days that the father, for exampic,
shauld be prepared to stay off work for a few days t0 assist In
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barbiturates is often advised provided that bulbar symptoms are
not prominent (Brehme and Leuterer, 1953).

Polhomyelitis bed, The patient’s bed should be specially
planned. A fracture bed board is required to keep the mattress
quite firm. A soft rubber mattress (Dunlopillo) is best, but
without any thick rubber covering (which removes many of the
merits of this mattress). If a waterproof covering is necessary 2
thin sheet of plastic material is acceptable, The mattress should
be 4 inches shorter than the bed so that when lymg prone the
patient’s toes hang over the end of the mattress, A foot board
should be held beyond the mattress by two 4~inch wooden blocks
Pillows are better avoided entirely. Blankets should be few and
light to avoid all sense of construction on the body or limbs
The ward should be kept at a temperature of not less than
65° L.

A good supply of small pillows and pads should be avarlable
to provide local support to joints which are uncomfortable  For
example, 2 soft pad under the neck, under the small of the back
or under the knees allows the patient to relax in greater comfort.

Posture and passive movemenfs. A large part of the nurse’s
effort is at first directed towards making the patient as comfortable
as possible and she should never tire of making small changes
1n posttion which will often give temporary relief

A complete change of posture 1s desirable every 2 to 4.110!"5,
especially when there 1s any weakness of the muscles of respiration.
The lateral, semi-prone and prone postures are specially suitable
(Figs 10, 11 and 12). Lying on the back (supine) should seldom
be allowed 1f there 15 weaknéss of the muscles of swallowmng or
of respiration owmg to the danger of inhaling secretions or vomit
i this position, X

Most patients are very sensnve to movement of any kind,
but 1f left for Jong n one position this hyperasthesia is likely
to become worse.  Hence the nurse should take every opportunnty
to move the pattent’s limbs short of causing much pain, indeed
she should be carefully instructed 1n gentle passive movements
to all the mam yomnts and muscle groups so that these {nO\'cm{"‘S
can be repeated both day and night when the physiotherapists
are rarely avatlable. Frequent passive movements and chﬂr!gﬁ
of posture ultimately increase the patient’s comfort, and prevent



fic 1w

Fio 1

Fio 12

Fus 30, i1 and 12 —Lateral, prone and sermi-prone postures respec-
tively In Fic 12 the foot of the bed is rased 18 inches to
encourage postural dramage

&3
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the development of tight muscles (“ muscle spasm ™). Changes
of posture from one side ta the other are specially important in
cases of respiratory Wweakness, as they reduce the danger of pul-
monary plicati Rigid splinting of all kinds should be
avoided, as prolonged immoblity of a paralysed muscle s always
harmful,

The methods of inati quired for the dig! of
paralytic poliomyelitis have already been considered and it 1
necessary as part of the management of the acute disease for the
nurse to report on any paralysis she may notice, especially during
the early days of the disease.  Her interest in this, however, should
on no account be fatiguing to the patient.

It is essentral also that a close watch be kept on the state of
the respiratory muscles and a half-hourly record of pulse and
respiration is often necessary. An experienced nurse will be able
to report ly on the develog of plications such
as dysphagia, feeble respiration, atelectasts or retention of urine.

Nursing reports. The nurse should therefore observe, recor d
and report the following points -

Temperature.

Blood pressure.

Pulse, including rate, thythm and volume. .

Rate, depth and character of respiration ; waking and sleeping
chart at least 4-hourly, any use of accessory muscles of
respiration (alz nasi, sternomastoids).
olour.

MMental afertness and responsiveness. 5

Refusal of food, dysphagia, nasal regurgitation, vomiting
Mucus 1n the throat or meffecttve cough. .

Speech disturbances, 10 pasticular nasal voice and Joss of voice
powner.

Bladder and bowel function, with mntake and output chart 21
required

10. Weakness or paralysis of any part

11 The positions spontaneously adopted by

sites of pam, spasm and tenderness.

Sy

® 3 o

°

the patient and the

It should be understood that when complications develop,
any failure to recognize quickly that things are going wrong i
likely to have very serious consequences.
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Tue DEVELOPMENT OF ParALYSIS

The older child or adult patient may become very frightened
when paralysis appears and parents may become very antious,
This psychological reaction sometimes scems to mislead the
doctor in charge, and indecd farlure to recognize the paralysis of
poliomyeltis is by no means uncommeon, often due probably to
the fact that such patients often appear to be too well 10 hase
any serious disease,

Case in which the diagnoss of paralync pohomyehitis was “ mussed
Case 41 (RIN, 6661) Female, 2ged 19, a student of ballet
Days r-g - * Flu ", fever and headache.  Day 5 . Lower fumbar pain
aggravated by jarning her body  Day 6 . Better and able to be out-of-
oors.  Day 7 fevemng)  Lumbar pan returned—scvere and pre-
rented her sleepiag 3 she would get up frequently and walk about

T e Ty}

The practical needs of the chintcal situation have already becn
referred to, and the need to influence the patient's psychological
reactton has been stressed  The adminustration of sedaties often
scems 1o be desirable, and the patient, if conscious, must be
warned that he must lte quite still, as it is not uncommon for
the older child or adult to make the disastrous mustake of thinking
that they must keep their ltumbs moving to counteract the spread
of the parests Once patalysis begins to make us appearance,
the patient should not be feft unartended untit the mavemum
paralysis has developed  This spread of paralysts usually con-
tinues for less than three days,

i



CHAPTER VII
TREATMENT OF BULBAR POLIOMYELITIS

THE symptoms and signs of bulbar poliomyelitis have aleady
been briefly described, and the vital importance of distinguishing
the various forms of respiratory insufficiency from cach other
has been emphasized. ‘The term bulbar involvement has in the
past often been wrongly used to account for the development of
coma and _death, when 1n fact the fatal outcome was due to the

pli of respi insufficiency and not directly to srus
lestons 1n the bramn stem, It has become recogmzed that death
in poliomyeltis 15 usually due to the direct or indirect con-

q of resp y insufficiency, and that the inflammatory

reaction in the brain stem is only very rarely of sufficient severity
to cause death 1n itself, For this reason 1t ss important that the
critical physician should not accept as a cause of death virus
involvement of the brain-stem, except in rare circumstances.

The proper treatment conststs of preventing anything which
may lead to resprratory nsufficiency, and depends largely on
skilled nursing attention, and on the prompt recogmtion of com-
plicattons should they occur. The patient with bulbar polio-
myelitis may be comatose, confused or fully alert In most cases
the strength of respiration is adequate provided the lungs remain
healthy, so that the main need is to protect the lungs fr.onz the
dangers of asf atelectasis or p ja. Coma in itsell
carries certam dangers of aspiration as far as the lungs are €of
cerned, but the special danger in bulbar cases is dependent of
the common occurrence of paralysis of the pharyny and laryns
This throat paralysss is potentially most dangerous, especially in
association with coma, and yet if promptly recognized and properly
treated at least 8o per cent of such cases will not only SUIVIVE,
but will make an almost complete recovery without permanent
paralysts of any kind

Thus * the dreaded bulbar cases™ if properly treated carty ¢
more favourable prognos:s than do the severe spmnal forms o
polomyehites

68
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Postrral Dratsace

The need for postural dranage of the air passages is often
recogmized by just listening to the patient's breathing, for there
18 an audsble ** death rattle ™ caused by air bubbling past a pool
of secretions in the throat. This demands smmediate action by
the general practitioner who first sees the case, and the patient
will usually be found lying in bed 1n 2 half-sitting posture.  All
pillows must at once be removed, whether the patient objects or
not, and the patient turned on his face into the prone or semi-
prone position  For a time, at least, the foot of the bed should
be raised 18 inches (Fig 12) 1n order to gne an angle with the
honizontal of about 15 degrees

This simple procedure leads to a large volume of secretions
flowing out of the mouth from the pharynx and trachea, and a
good supply of towels and swabs 15 needed The immediate
relief to the patient’s breathing and his entical condition 15 most
dramatic, for the proper use of postural drainage provides one
of the most remarkable (and sunple) life-saving procedures 1n
climcal medicine  Thus of course applies also to the handlng
of some other diseascs

Careful postuning should therefore be tnstituted 1n the home
or ambulance as soon as the dangers of inhalation are recogmzed,
Often these patients are children who, if left unattended, will sit
up and inhale vomit  The effects of inhaling gastric contents

Fic 13 —Adjustable inverted * V " bed generally suttable for the prone
of semi-prune posture, but here used for a posture which 13 aimost
lateral The child is wearng a throat microphone which leads to
a loudspeaker

[
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often cause a fatal collapse and death some hours later, and no
form of known treatment (including bronchoscapy) will prevent
this result after such inhalation has occurred. At post-mortem
examination the large areas of lung necrosis caused by the diges-
tive juices are obviously incompatible with survival,

Nursing on the back is always dangerous in bulbar cases
unless the bed is ulted very steeply. On the other hand the
prone or semi-prone posture is often safe without raising the
foot of the bed. However, the foot of the bed should be raised
from tme to time as required, and inverted “ V" beds arc
specially useful and quickly adjustable for this purpose (Fig. 13).
The lateral posture may also be used, and the tited posture
may be relaxed for nursing or other reasons, provided it can be
re-established within a second or two should the child, for
example, vomt unexpectedly or choke while aitempung to
swallow. A simple harness around the child’s shoulders and
secured to the foot of the bed prevents him stiding out of position
when the bed is steeply tilted,

Mrprcar aND NURSING SUPERVISION

During the period of pharyngeal paralysis the patient's every
breath should be Iistened to, preferably with the assistance of 2
throat microphone, so that any accumulation of secretions in the
upper air passages may be promptly recognized (Stott, 1953).
and so that srregulanty or failure of respiration or retching may
also be observed quickly. ‘The nurse can herself deal with minor
accumulations of secretions by increasing the dlt of postursl
drainage and using the sucker However, she should als? have
immediate access to a doctor versed 1n the methods of aspirating
the trachea, and there should be quick access also to one “}10
can perfarm the operations of br y, laryngeal mtubat
or tracheotomy .

As has already been mentioned, many bulbar cases retdin
adequate strength 1n the respiratory muscles, but careful watch
must be kept not only for weakening of the respiratory ﬂ’}usdcs
but also for falure of the respiratory centre to majntatn the
regular resprratory rhythm  In cases with respiratory x.‘czk:IfSS
the develop of atel may i diately precip ha
crisis, as the muscles may at once become inadequate for the
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reduced avalable lung tissue.  Any of these developments may
require the use of aruficial respiration, but the pont at which
this becomes necessary may be difficult to recognize The
difficulty 15 preatest when the patient's conscrousness 13 clouded,
as there are then inevitable doubts as to whether the mental
dulling is due to cerebral hyposia or to the focal effect of the
virus on bran-stem centres  Anxiety in these cases is increased
by the knowledge that the use of a respirator m the presence of
pharyngeal paralysis is most hazardous owing to the danger of
the machine sucking secretions tnto the lungs

There are several methods available which help. The blood
pressure taken every 15 or 30 munutes may be most helpful, as
2 nise of blood pressure is often an early sign of CO, retention

The regular use of an oumeter may be useful in this type of
case, 2s 1t will demonstrate moderate degrees of hypovia for which
mere nspection of the patient’s colour 1s an unrelable indicator.
A CO, meter should also prove to be useful

The use of assisted respiration with posine pressure to a
well-fitting mask 1s often of value in these cases The Oxford
flating bellows may be used for this purpose and the assistance
provided may be made to synchromize with the patient's own
efforts  When these measures lead to an tmprovement in the
patient’s condition or oximeter reading, then it may be generally
assumed that some form of assisted respiration 1s required,

In the handling of difficult cases daily skiagrams of the lungs
are required, as the presence of areas of inactive lung tissue
greatly alters the rate of artificial respiration required, and also
the volume of air or oxygen which can actually enter the lungs
A study of the blood chemustry as referred to later 13 also
necessary

RESPIRATORY FAILLRE COMBINED WITH PRARYNGEAL PaRraLysis

The combined failure of respiration and also of the bulbar
muscles may develop together, but usually either the respiratory
or the bulbar paralysis precedes the other Whatever the order
of therr app the grave probl p d by the com-
bined lesion are the same, and 1t 1s with this type of case that
there has recently been so much discussion and so much effort
to 1mprove the existing methods
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Such patients may sometimes be hapdled successfully 1n the
modern respirators when it is possible to nurse patients in the
prone or semi-prone posture, and to tilt the respirator as required
to assist the drainage of secretions from the upper air passages,
but many difficulties may arise, and even a slight accumulation
of secretions in the airways may quickly lead to 2 hopeless
situation.

Tracheotomy may be done in 2 tank respirator, but exceptional
nursing difficulties arise in the care of a tracheotomy tube s 2

pi for 1t then b almost impossible to continue the
frequent changes of posture which are desirable from the point
of view of the lungs. However, many American clmics practise
tracheotomy in respirator cases with paralysis of swallowing or
obstructed arrways, and depend on suckers and titing of the
respirator to obtain proper drainage. The use of a positive
pressure phase in the respirator is helpful in this type of case

Tre Copextiacen Metnop (I.P.P.R))

Professor Lassen (1953) and Dr, Ebsen evolved m Copen-
hagen, during the grave outbreak of 1952, a method of comml!ed
P for cases developing respit y insufficit c which
15 stmlar to that used by anzsthetssts to maintain breathing when
the muscles are curarized. After prelimnary in!ubatfon of the
larynx a high tracheotomy was performed, and a wide cuffed
tracheotomy tube nserted to prevent the aspiration of ph:jryr{gea'
contents. Positne pressure breathing was then mamtz{ned
through the tracheotomy tube for as long as respiration remained
inadequate. Intermttent posttive pressure sespiration (I P.P-R)
was provided as in anzsthesia by briskly squeezing an anzs('hm;

bag to synchronuze with the patient’s own inadequate effort, an

medical students were tramed to do this n eight-hour shifts.
Professor Lassen used this method freely for all cases of
respiratory difficulty so that he was able to dispense with the use
of tank respirators almost entirely. He used a CO, absorption
method 1n a semi-closed circuit, but the present tendency 15 1o
prefer apen circuits which remove the need for co, absor!)!m:j

The tracheal and bronchial secretions required to pc aspirat
frequently with 2 strong sucker, and atelectasis, which was not
P d ded bronchoscopy and vigorous phystothera-

q
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peutic methods applied to the chest over the collapsed lung
Frequent changes of trunk posture assisted drainage, but the
cuffed tube, while p ting the passage of secre-
tions downwards, also rendered it essennal that all secretions
spreading upwards from the bronchi should be removed by
frequent suction, This must be done quickly in order to reduce
the period of interfering with respration.  The same difficulty
anses when bronchoscopy is required, as artificral respiration
must not be interrupted for more than a short time in severe
cases  The need for suction 1s specially apparent after changes
of posture and ahcr Vigorous prtﬁsurc-vxhranun (Mg 19) to the
chest by ph: The coll of in the
trachea and bronchi can be recognized by listening with a stetho-
scope over the tracheotomy tube cork.

A fine plastic cesophageal catheter is passed via the nose mnto
the stomach 1n order to relieve gastric distension and to provide
adequate nourmishment (see also p. 85)

Mechancal pumps for intermitent posiine pressure sespiration

Duning the Copenhagen epidemic Lassen trained over 1000
medical students 1n the techmque of bag ventilation. Various
methods have been designed to provide a ** mechanical student .
Pressure-controlled electrical devices have been used, the cycling
of which depends on the height of intrapulmonary pressure
(Bang, 1953, Macrae ¢f al., 1933, Pask,1953) In these, how-
ever, the intrapulmonary pressure of air 1s always positive, and
the absence of 2 phase of negative or zero intrathoracic pressure
13 thought to interfere with the return of blood to the heart,

An alternatine, and preferable, method 1s to pump air or
oxygen {or both) mnto the lungs by a pump for which there s
full control of mavimum pressure, rate and volume. Thus a
volume of 500 ml (actually reaching the lung) at 16 per minute,
and a maxtmum pressure of 15-20 ¢cm of water 1s adequate for
an average adult with healthy lungs.

Fig 14 dlustrates one such pump, the Radcliffe Respiration
Pump, designed by Russell and Schuster (1953) and 1mproved
by H G East & Co* This apparatus will withstand many
months of continuous operation, and can now be fitted with an
alternative motor to run on 12 volts as well as the usual 230 volts

® 378 Oxford Road, Cowley, Osford,



FIG 14 (a) and () —Radeliffe Resprration Pump (H. G. East & Co}
and accessories

The pump has alematne motors, 12-valt D C,, and 230-volt A C, humdifier,
expiranon sslve, gas meter, cuffed tracheotomy tabe, and pressure-gauge
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A.C. This makes the machine most suitable for transporting
patients by air or road over long distances. Such patients have
been brought from Africa to England using this machine (Harries
and Laves, 1955). A feature of these machines is that the
pressure of delivery is determined simply by the gravitational
effect of a weight which is adjusted ding to the maxi
pressure desired. The volume and speed are also controlled
through a wide range.

Machines of this type require an expiratory valve which
allows free expiration for a period shghtly longer than the

EEALE

INSPIRATION EXPIRATION
Fic 15 —D of h of the Stott
expiratory valve,
"The case 13 made partly of metal and partly of plastic while the valve 15 of rubber

inspiratory phase, 'There are several possible types of expiratory
valves available ; that designed by Stott * 1s simple and satis-
factory with very low resistance, but it needs to be changed

every 3 or 4 hours for cleaning (Fig./15). )
PO e N e (3

The airo -+ T !
with moistur + &)
as has been

In our experience of several cases treated by this, method
(Crampton-Smuth ef al, 1954 ; Spalding and Young, ?955), these
machines are adequate for nearly all cases. On theoretical grounds

these pumps would be more effective if a negative pressure phase
- R 1=~ staca cupposed

irke and
Radciffe

pump has also been developed in this way.
Awr alone s often sunable for use in such machmes, but
oxygen added or alone can be given as required by the patients

blood chemustry
# Mesars Owen Mumford, Oxford
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Use of oxygen with I P.P.R.

In most cases the use of air alone for 1 P.I.R.is best, and indeed
the use of ovygen may lead to difficulties, for it may prevent
hypoxia while allowing a dangerous accumulation of CO,.  When
oxygen is, however, used with LP.P.R it must be led into the
respiration pump m such a way as not to interfere with the action
of the expration svalve. This valve only operates sausfactonly
if during expiration a slight negative pressure develops in the
system  The best method of dealing with this 1s to lead oxygen
or an ovygen-air muxture mto an anzsthetic bag attached to the
man inlet, and not to use the extra oxygen tap often provided
m this type of apparatus, Smilarly, in the Radcliffe pump,
the valve at the delnery side of the bellows must be put out
of action, as the shightly negatne pressure as the bellows nise 1s
required to operate the Stott vahe
Ware form

There have been various theoretical and practical studies
with regard to the optimum wave form to be used i LPP.R
intratracheal method of artificial resprration, It 1s accepted that
positive pressure mn the air passages mterferes with the venous
flow to the heart, and therefore the nspiratory phase must be
kept as short as possible, while the pressure dunng the expiration
phase must fall at once to atmosphenc pressure A phase of
negatne pressure during expiration mght provide a further
improvement, but this adds considerably to the complexity of
the respiration pum,

In practice, the chief difficulty 1s to force sufficient air through
the tracheatomy tube in the time available  This requires 2 high
flow rate from the onset of the inspiratory phase, and the dropping
weight of the Radchffe pump 1s spectally effective on this score
{sce Fig 16) The diameter of the tracheotomy tube is the
chief hindrance to adequate air-flow, so the largest practicable
size of tube must always be used

Another promising design of respiration pump depends on
an electric blower for positive pressure with full mechanical
control of the valves, as well as of the wave furms. ‘The type
13 d 1n the M h cuirass

Impro\emen(s are constantly being effected in the design of

*] 1 Monaghan Co, Inc, Denver 4, Colorado, US A
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respiration pumps, and developing trends in design will not be
considered further in these pages.

Spalding (1955) and Spalding and Young (1955) have recently
investigated the various factors such as pressure of delnvery, rate
of operation and duration of inspiration, which infl the
efficiency of the artificial respration by I.P.P.R. From these it

5" l E
8%

3T 10] -
Ke

$

- s

Fic 16,—Wave form taken at trachea with a condenser manometer,
with Radchiffe Pump operating at 20 per rmnute
Rapsd ise i pressure at start (arrow) of inspieation 15 a feature of this pump

PRESSURE

1s clear that the most effective method of increasing the minute
volume of air received is to increase the pressure of delvery.
Increasing the rate of resprration in much less effective. It sl}ould
also be emphasized that under condstions of circulatory (allurf»
the duration of inspiration should be hept as short as possible in
order to minimize the obstructive effect the air pressure exerts ot
venous return to the heart Thus, it is important th?t sioning
of the respiration rate should not also result in slowing of the
rate of delivery of air to the lungs.



CHAPTER VIII

MANAGEMENT OF INTERMITTENT POSITIVE
PRESSURE ARTIFICLAL RESPIRATION (LPP.R)

Tuis method of artificial respiration has many advantages for
difficult cases, and may be adopted when treatment in a tank
type of resp dangs ph The
simplieaty of the apparatus makes 1t very suttable for transporting
paralysed patients by road or by air, and from the nursing point
of view the care of the patient 15 greatly sumplified as regards
access tothe patient.  There s, however, one serious disadvantage,
and that depends on the tracheal secretions which require constant
attention, and 1if the coughing muscles remain paralysed 1t will
be very difficult during convalescence to wean the patient from
the tracheotomy tube

However, IPP R has three noteworthy advantages (Cramp-
ton-South et al, 1954)  first, 2 cuffed tube inserted through a
tracheotomy wound separates the pharynx from the trachea so
that there 15 no danger of inhalation of foreign material even if
the patient vomits, second, 1t permuts secretions to be aspirated
readily from the trachea and broncht, third, st providss a route
for artificial with the dant advant: pared
with respiration 1n a tank, of ready access to the patient and of low
cost of apparatus  (The total cost of all the items 1n Fig. 14 (8)
1s about f120)

TRANSPORTING THE PATIENT

A patient with paralysis may develop respiratory embarrass-
ment with httle warmng, and this may happen when the patient
13 at home or 1n a hospital which has neither the equipment nor
the organization to deal with this condition  This fact has i
the past militated against the formation of special units for these
patients, but 1t now appears that 1t is relatively simple to transport
them  Any umt mtending to treat cases of this type must be
prepared to send out a team, consisting of an anzsthetist and z
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physician, to provide for the safe transport of the patient. This
team must be prepared to intubate the trachea with 2 cuffed
endotracheal tube under either local or general anzsthesia, and
to provide a portable source of LP.P. respiration and of suction
"The O<ford sucker-inflator unit * has proved to be very suitable

Fic 17 ~Oxford sucker-inflator unit, e
“Thus contans twa valses, one (high bressure) for suction (foor operated), s
other {fow pressure) for lung snflation
1 it 1 igh-] sure
for this purpase {Fig 17). This unit includes a high preiaul;'y
salve far suction purposes and a low-pressure valve for man
operated 1 PP R, L oud
The requistte equipment can be carried in any car andgcs:sary
be kept ready for immediate use It \f'xl.l often be‘unn e/
to ntubate the pauent for transport, but it is nevertheless csse“_ "
 Supplied by MIE Ltd, 12 New Carendish Street, London, W1
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for the anwsthetist to travel with the patient 1 the ambulance
and to be prepared to intubate if necessary.

For transport, we prefer intubation through the mouth to
tracheotomy, since it enables the patient’s condition, and there-
fore lhe need for lmcheomm). to be reassessed after a period of

\ , if trach 1s required,
a formal and unhurried operation can most easily be performed
im the respiration unit by a surgeon c¥pertenced 1n this operation
Tracheotomy must not, however, be unnecessarily delayed, owing
to the danger of ulceration of the larynx if an endotracheal tube
is left 1n st for more than a few hours.

When the patient has either an endotracheal tube or a cuffed
tracheotomy tube inserted, the Radchffe Respiration Pump may
be used for transport, using the 12-volt motor (Fig 14 (3)), and
under these conditions there 15 no limit to the distance the patient
can be moved by air, sea or road (Harnies and Lawes, 1955)

Though oxygen or other gas can be added to the Radcliffe
Respiration Pumps, they normally use room air which 1s warmed
and humidified to 100 per cent before delivery.  Many
machines and devices have also been made which rely for their
motnne power on cylinders of compressed gas (Bang, 1953,
Macrac et al, 1953, Pask, 1953, 1955, Engstrom, 1954)

Hurmidifier  'The value of humidification to keep secretions
flurd has been emphasized by Lassen (1953) It 1s tmpossible
to produce huridification that in any way simulates that obtatning
i the normal trachea, unless the humidifier also warms the air
and s placed between the respirator and the pattent. The
simple apparatus (Fig 14 (8)) desenbed by Marshall and Spalding
(1953) has proved satisfactory  When 1t has been 1n use, secre-
tions have remaimed moist and were readily removed by aspira-
tion  When the patients were being weaned from the respirator
and were breathing spontaneously through the tracheal tube,
sticky secretions sometimes occurred, and the patients complained
of discomfort and difficulty 1n breathing, which was relieved by
further humidification  To obviate this a plastic bag was placed
loosely over the free end of the tracheal tube, and the pump was
used to blow humidified air into 1t This device enabled the
patient to breathe warm humidified atr mixed with room air and
has facilitated the weaming phase
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Expiratory Valve. The most important feature of an expira-
tory valve is that it should permit perfectly free expiration; for,
if the tracheal pressure does not fail to atmospheric in expiration,
there is 2 deleterious effect on the circulation (Werko, 19471
Cournand et al., 1948; Motley et al, 1648). For this reason
any form of expiratory apparatus which depends for its proper
functioning on introducing resistance cannot be regarded as
satisfactory. The *flutter " valve® (Fig 15) has proved

d , but a hanicaily op d valve will probably prove
to be better,

Pressure gauge, The use of a pressure gauge $ close to the
tracheostoma (Fig. 14 (5)) has proved of special value because 1t
provides a continual visual check on the working of the LP.P.R.
system, but 1t must be placed at a raised position to avoid water
running into the mechamsm. It shows that in (spiration the
maximum safe intrapulmonary pressure is not being exceeded,
and in our experience pressures above zo cm. water are rarely
required. It also gnes positive evidence thar the expiratory
salve 1s opening freely. Moreover, a change in the readings
gives an early indication that something is wrong. A rise it
Pressure suggests pulmonary complications, and a fall, 2 leak in
the system, either outside the patient or beside the tracheal cuff
In erther case early treatment will avoid sertous mishaps.

Tracheal tube. We have used cuffed endotracheal tubes cut
to a length of about 41 in. At the external end a McGill suction
unton 15 connected, and through the opening in this, which 15
normally kept occluded, aspiration can readily be applied. The
lower end of the tube js also cut short immediately below the
cuff, with the minsmum of bevel, for this end reaches almost 10
the carina and, if too long, can easily enter the right bronchus,
occluding the left  For the same reason tracheotomy should bt
as lugh as possible  The cuff is deflated briefly esery four )xoursv
to protect the tracheal mucosa, and a fresh tube 1s inserted every

three or four days

Ventilation  The dangers of madequate sentilation '“::jh
hypoxia and retention of carbon dioxide are well recognized.

Green Place, Abingdon Rosd, Oxford

* Made by Owen Mamford & Co, on Road

4 Made by K D G Instruments Ltd, Purley Wav,
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a cuned tip by which it is possible, with the patient lying on, say,
the right side, to pass the catheter into the bronchi of the left (upper-
most) lung which 1s receiving physiotherapy.

(4) Hydration of the patient and humidification of the inspired arr,
In this way the secretions are kept fluid and easy to aspirate.

(5) Antibiotic therapy.

i e
Fic 18 —The all-important chest physiotherapy with appropriat
body posturing.
us patient, who 1¥ recovening from acute infectine polyneunts,
P e pump marntamed respiration for four weel
muscles recovered sufficrenth

s » traches
i betore the

In the presence of established pulmonary collapse !P:‘t::
measures were mtensified. If they failed, bronchosct;_?y .
performed, but the need for this became less and less freg
as experience was gzm:d, t

Aﬁhough bronchoscopy through the tracheostoma 1: czsa (-t Ily
proied impossible to ventilate an apnaic patient adeq
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through a bronchoscope in this situation, because of leaks round
the nstrument  Bronchoscopy was therefore performed through
the mouth, with the tracheostoma temporarily occluded  Thio-
pentone anesthesia, with or without relaxants and with inter-
muttent inflation with oxygen, proved satisfactory,

Broop PRrsstre

Lassen (1953) found frequent records of the blood pressure
a useful guide to correct ventlation, since carbon-dioxide retention
1s quickly reflected tn a rise in blood pressure.  Although in some
circumstances the significance of changes 1n blood pressure 1s
difficult to determme, in most instances valuable information 1s
obtained from half-hourly records

Brocurmicar CoNTROL

Feeding  Wnth a cuffed tube in the trachea the bronchiat
tree 15 separated from the pharyn, and the dangers and deficiencies
of parenteral nourishment, which may have to be faced in some
cases of dysphagia without respiratery weakness, can be avorded
Polythene nasal tubes are less irntating than rubber and require
changing less frequently In an illness of the seventy and
duration of most cases of bulbospinal paralysts 1t 1s smportant
that nounshment be adequate Not only must the imntake of
fluid and calories be satisfactory, but also the diet should be
mixed and contain as much protetn as can be metabolized, judged
by the blood-urea level We have used the diets described by
Higgins et al (1954), which provide 2200 calories or more daily
They were diuted with water or with Runger-Fischer's solution
as biochemical investigations 1ndicated

Drugs  Antibiotics are required in full doses  Sedation s
necessary, especually n the early stages, and chloral hydrate and
phenobarbitane have both been used

NursiNG

A severely paralysed patient requires a great deal of careful
nursing, and TP P R allows completely free access to the patient,
F-g
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in striking contrast to artfical respiration in 2 tank respiratar,
Patients must be nursed on a bed that can be easily npped
They will often be slightly head down, and therefore care of the
skin over the favicular joint is ially imp
Since it is not one of the classtcal pressure areas 1t is hable to
be overlooked.

At least three nurses are required to turn a badly paralysed
patient having LP.P.R., and during the acute stage 1t is desirable
to have a doctor attending to respiration during turning, and
readily available at all times.

We are satisfied that several of our cases could not have been
kept ghve i our hands by any other method, and now incline
to the view that the Copenhagen method should be used without
hesitatton 1n cases of pharyngeal paralysis with respiratory
nsufficiency due to either paralysis of respiratory muscles or to
the develof of lung plicati Clearly, therefore, this
method should be available in the special centres

It should, however, be made perfectly clear that the Copen-
hagen method 1s dangerous in the absence of close and experienced
nursing and medical supervision, and we have found that an
experienced doctor must be at hand day and might duning the
early entical days. This method solves some problems, 'but
ntroduces others and greatly increases the number of things
that can go wrong. For example, any of the following may
happen ;

(1) Undetected secretions may accumulate in the trachea and
bronch: to a dangerous degree. . R

(2) The pump pressure may suddenly farl oning to 2 kink
i the tube or a connexton blowing off or a failure in the pump.

(3) The expiratory valve might fail to operate so that the
chest becomes progressively inflated.

In addition to such mechanical faults, sudden changes in ﬂ{t
blood pressure or consciousness may indicate that somethmng 15

g wro
# P%o\\;v:x:g, we have become convinced that the Copenh?gtﬂ
method 1s most valuable n certain cases if zz:[cquate skl]lc:
superviston ts avarlable 1n a special unit Relan.vcly few]suio
upits are required provided that an anwsthenst is avatlable
transport the patient
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Disapy aNTAGEs oF CoPPNHAGEN MEeTHOD

The of y i by LP.P R should
not, however, be embarked on without careful Preparation, as the
method by itself introduces certarn hazards. It is m the first
place obvious that an intratracheal tube introduces nfection into
the air passages with the production of excessive secretions.
The dangers of infection can be dealt with adequately in the
acute stage with antibiotics, the skilled use of the sucker and
chest ph)slolhtrapy, but 1f many of the trunk muscles remain
Iy p d great difficulties appear when attempts are
made to wean the patient from the tracheotomy tube It is
paralysis of abdomtnal muscles which presents special problems,
as coughing depends chiefly on these,  When therefore attempts
are made to wean the patient from the tracheotomy, it 1s necessary
1o re-establish the close might and day superviston used in the
acute stage  Specal relance must then be placed on prolonged
postural dratnage, and chest physiotherapy to get nd of secretions
when suction through the tracheostome 1s no longer possible

Mecuantcar Covcuing

At this stage, the American Exsufflation machine (see Bech
and Barach, 19354) 1s of value, for 1t reproduces the wave pressure
form of a normal cough Thus 1t cycles from a positive mask
pressure for inspiration to a considerable negative pressure with
great sudd and thus reprod the expul effects of
the normal cough There are, however, sometimes difficultes
n using this machine effectively.

The careful planning and discipline required of this matter
has not yet been fully worked out, the potential dangers may
be appreciated from the case of a young man who developed a
lung 1nfection while the tracheostomy wound was closing, and
who during bronchoscopy died suddenly




CHAPTER IX

TREATMENT OF RESPIRATORY PARALYSIS IN
SPINAL CASES

LasseN, in the 1952 Danish epidemic, used tracheotomy and
I P.P.R. for most cases of resprratory insufficiency, and thus pro-
vided an important addition to the methods available, but it 1s
evident n retrospect that the possibilities of the use of other
methods for certain groups of cases were not adequately explored.
Thus the use of postural drainage alone is, in skilled hands, very
effective when the throat only is paralysed, while in cases of pure
spinal paralysis of respiration the tank respirator should probably
be used first.

It 15, however, becommg evident that for cases which are not
being handled safely by either of these older methods, LP.P.R.
with a cuffed tracheotomy tube will save lives which will other-
wise be lost IP.P.R. should not be the first choice in those
who are likely to be permanently i need of some mechanical
assistance with respiration.  For even if they recover quite a com-
fortable figure for vital capacity, and yet, owing to paresis of the
abdominal muscles, never recover a good cough, then it may prove
to be imposstble to wean the patient from the tracheotomy.

Thus, an adult patient who has been treated in a tank respirator
for several weeks can, after recovering a vital capacity of Boo~
9oo ml , lead quite an active and useful Iife if the state of the limbs
permit  If, however, he has been treated with a tracheotomy
and hts abdommnal muscles are weak, the mevitable tracheal
secretions make 1t very difficult to dispense with the tracheotomy
or the nursing care required to carry out repeated tracheal suction.
Thus, such a patient will dusing convalescence do much better
if he bas never had a tracheotomy.

‘TANK RESPIRATORS

Many types of breathing machine have been designed, ::;
the origal box or tank type gives more efficient action ¢
88
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others, as indicated by the measured volume of tidal air
achteved by the machine in paralysed patients (Bourdtllon et
al., 1950)

In this type of respirator the whole body except the head is
enclosed in a box to which negative pressure is appled mnter~
mittently. This causes very effectine respiration, not only by
raising and expanding the chest, but also by ramsing the abdomtnal
wall, and thus pulling the diaphragm gently downwards, A
large tidal air can be obtaned in this way, and the negative
pressures, betng widely applied, are comfortable and gentle in
action.

It is clear that there 1s as yet no substitute for the bot or
tank of respirator, but many ingentous 1mprovements have been
devised which make for increased effectiveness, safety and comfort
(Bower et al, 1950) For example, the rate of respiration and
the adjustment of both positise and negative pressures are now
better controlled, the best shape for the wave-form caused by
the pressure changes has recetved much attention, quick methods
of tilting the patient for postural dramage, an alarm system for
failure of the suction pressure, improved comfort for the collar
neck-seal, and external control of level of upper end of stretcher,
are among the many improvements developed.

A working party on Breathing Machines, of the Ministry of
Health, London, has been concerned w1th fostering some interest-
ing developments 1 tank respirator design, and in connection
with this many have b pecially the work of dill
et al, (1950)

Thus a recent design of respirator by Siebe-Gorman Ltd,
contains many improvements (Fig 19 (a) and (8)), wncluding
& “splt front™ which considerably sumplifies care of the
patient.

The new Coventry* type (Fig 20) also constitutes an
mmportant simphfication of design, and even further simplifies
nursing problems This *alligator type ” has many obvious
advantages, including the fact that it 1s censiderably Jess expcnsne
than other makes  The division of the collar into two halves is
a special help towards nursing, and two nurses only are required
to put the patient 1n such a machine

* Manufactured bv the Cape Enzmeenmz Co, Ltd, Waruxck, designed
b Captam G T Smuth Clarke M I Mech
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FIG 19 {a) and (8) —A recent respirator design by Siebe-
orman

The dntded front facilitates nursing attention and sumplifes the process of
movmg the patient into the machine
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the patient is asleep to lower the suction pressure slowly until he
becomes restless, and then raise it a Inttle above the restless level ;
this gives a useful indication of the comfortable pressures while
avoiding the risk of overventilation.

The nurse may make a habit every thirty mnutes or so of
shutting the valves to give two or three extra decp breaths

The patient will often ask for the suction pressure to be
increased. This request should be acceded to if only to give the
patient confidence, first with several full breaths and then with
a pressure slightly above the one previously used—this can often
be lowered again if considered desirable without the patient
realizing that he has returned to the previous pressure. The
patient’s judgment with regard to adequate pressures is often
accurate, and, if atelectasts occurs, greater pressures will be
required and indeed demanded by the patient it still con-
sctous.
‘The dangers of overvennfation are insidrous, so that a shg!ﬂ
measure of underbreathing is often preferable, espectally in
patients who have been put in the respirator merely to give the
muscles 2 rest.  On the other hand, a slight degree of cerebral
hypoxia will quickly cause disturbance of conscipusness. There
15 2 reasonable prospect that with the wider use of oximeters al}ﬂ
CO, meters there will now be better control of ventilation in
these cases,

Nursing care

The detasls of nursing care for respirator cases can only be
learned properly at the bedside, but the publication Nu'rmg (19433
and the hook by Stott and Fischer-Williams (1955) mn.be fount
useful. Mobile teams of nurses and doctors cxpcncnccdvl}il\
Tespirator treatment are needed 10 assist with epidemucs and witl
sharp outbreaks which may occur in small communities.

A pauent who 1s seriously 1ll with poliomyelitis, whether ;Yj
a respirator or not, should never be left alone during the c:;)‘
cntical days  Ideally the nurse should hear every breﬂ!.h, s0 ‘k:r
a tendency to choke ar vomit can be dealt with at once with suc b
and posturing The nurse should not hesitate to chang; ;ts
patient's position frequently ~ Children, and x.a\detd adul u
should on no account be subjected to the ternfying experien
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of being left alone 1n a room in a respirator with no means of
summoning help

Safety devices Various devices can be used to increase the
safety of respirators. In the first place, every respirator should
be fitted with an alarm system which will ning when negative
pressures fail  When patients must be left alone, they should
have a bell-push which they can operate with whatever muscle 1s
stillacung  Movement of the chin may be used for this purpose

A laryngeal microphone (Stott, 1953) connected with a loud-
speaker has been found invaluable in the handling of cases hable
to get mucus 1 the pharynx or larynx  This 1s specially so 1n
respirator cases 1n which the noise of the respirator prevents the
staff from hearing the patients’ breathing without some artificial
ad

Listening to the mouth or larynx with a binaural stethoscope
also gives much wnformation regarding the flow of air and the
presence of bubbly secretions

no.oea .. . P
F
N Lo
nurse should always be ready to ilt the resprrator steeply with the
head down to prevent inhalation of secretions or vomit  Vomitmg
1s particularly dangerous as the respirator suck cannot be ressted,
and without adequate postural dramage inhalation of vomt 1s
almost inevitable

Abde ! The devel of abd 1 dis
tension i a respirator-treated case 1s generally due to acute gastric
dilatation and 15 a complication ltkely to be fatal if not vigorously
treated  One probable cause 1s the development by the patient
of a tendency to swallow air, and if this 13 done during the
imspiratory phase of the respirator, it 1s possible that the negattve
pressure will suck air into the stomach  If a distended abdomen
15 allowed to pass unnoticed, the first symptom may be the
regurgitation of mouthfuls of black gastric contents containtng
altered blood Crreulatory collapse may follow, especally 1f
some of the vomtt 15 sucked into the lungs by the respirator’s
action. In any case a stomach tube must be passed, and an
attempt made to empty the stomach by gastric suction of the air
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and altered bleod which 1t contams  While the patient is being
given food or drink to swallow in a respirator, the opemng of 2
port for a few moments during the actual act of swallowing may
prove to be helpful. The use also of positve pressure durng
the expiration phase is probably beneficial n preventing gastric
dilatation. Patients who are noticed to be swallowing frequently
must be encouraged to refrain from this. They should be taught
to swallow during the expiration phase, Retention of urine must
not be overlooked, and catheternization can be readily carried out
by using two ports of the respirator, one for each arm—the bare
arm of the doctor or nurse seals firmly with the rubber aperture
in the port.

Fzecal masses in the rectum may require manual semoval
Enemata may be given, but medicinal purging is better avoided

Ventilation

While the lungs are healthy, hyperventilation may eastly be
produced, Pressures of about minus 16 cm. and plus § cm of
water, at a rate of 16 cycles per mmnute are often suitable for
older children and adults, provided the lungs are reasonably
healthy. When one lung is collapsed, a much tigher rate may
be required, up to 35 cycles per mmute, and even higher in
infants, )

The aiways must be hept clear by suction and posturing
Frequent changes of position, including the semi-prone posture,
can be obtained m the newer respirators and are highty advan-
tageous The breath sounds at the Jarynx should be frequently
Iistened to in order that pooling of secretions may be recognize
in time  The nurse may use a stethoscope for this, but a throat
microphone amphfied by a loudspeaker is preferable (Statt,
1953). . e
The adequacy of oxygenation may be cheched by an Oxum "
but frequent blood-pressure readings should also be taken, 23
nse of blood pressure is an early sign of CO‘2 retention, o

Every precaution should be taken to avoid a(elccl:sxs,vz
daily lung Xcrays may be desumble. Bronchoscopy magcssi‘
required, while any loss of functioning lung tissue may petur "
tate increasing the pressures and rate at which the respiral

« Manufactured by Stanley Cot, Lad
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Fit 20 (a) and (b) —The new * Coventry” respirator mn use with
attachment for positive pressure breathing (P)

e patiens 6 £t 4 1) had hd experines of man typet of respivator, and spoke
sy hughly of this unc
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working. In cases with atelectasis the decision to do 2 bron-
choscopy is a difficult one, for this is a formidable procedure in
respirator cases, and it often achieves very little, Fortunately
many areas of atelectasis clear up well spontaneously.

A good respirator is so constructed that most of the nursing
can be carried on without openmg the respirator, but in addion
it is essential that 2n efficient form of positive pressure breathing
be avarlable to keep the patient comfortable when the respirator
is opened. 'The Oxford Inflating Bellows (Macintosh, 1953} or
a low-pressure oxygen valve (Macintosh and Pratt, 1939) are
conventent for this purpose and, if operated by hand, can be
made to synchronize with the rhythm of the respirator before
the machine 1s opened. A mechanically operated positive pres-
sure pump may be very useful, especially 1f, as in the Coventry
Respirator, it synchronizes with the main machine (Fig. 20)

The well-known American-made Emerson respirator h.as a
plastic dome to close over the head and through which positve
pressure can be applied. ‘This, howeyver, causes discomfort in
the ears and interfeses with the patient being turned: a well-
fitting mask to the face 1s generally preferable. The Radchffe
Respiration pump, and the pump described by Beaver ar‘d
Byford (1954) have also been used successfully to maintain
respiration through a mask or mouthpiece when the tank is open.
The patients Jearn ta hold a suitable mouthpiece between their
teeth as described by Beaver and Gilliatt (1954) 5

There 1s thus no excuse now for permitting the toruring
periods of anowia which respirator patients were at one tme
forced to endure when the respirator was opened for nursing
purposes. However, it is always helpful to increase the °P"“;“’°
Ppressures for a minute or two to oversentilate IP}E patient be o:;;
any procedure such as changing the type of resp s carrd
out

Weanng from the respirator

Weaning from the respirator presents no di'ﬁicu)nes xf}:t ::
properly handled and the muscles have sufficient strengt] '
mantain an adequate tidal air. The use o.f a spirometer X
often correct the all too common assumption that bcca:;ls:m
patient 1s frightened of being without artificial respuration, ; e
fore his reluctance 1s meurotic! DMlany cruel mnjustices o
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kind occur, and op, One such oceasion ghy forcefy) dlswmmumg

of the FESPIEALOE fed 1 15¢haemyy of the retyng and brayy, Causing
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the Patient 45 only comfortah, when g blood O, level g beloy
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At one ¢, J2 €aning the Patient cap p, eathe during the
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Shich g SWung up ang down quye Powerfujty,
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They are not suitable therefore for use in the acute stage of
the disease. As regards efficiency, there 15 as yet no substitute
for the tank-type machine, but the cuirass respirator 1s of special
value in some chronic respirator cases (Kelleher, Kinnier Wilson,
Russell, Stott, 1952)

Appliances which compress the chest intermittently Like the
Bragg-Paul pulsator are also sometimes useful in recovering cases,
but the volume of tidal air obtained is also quite madequate for

-

Fic 21 —~Cuirass respirator in use.
d 3 vital capacity of 8oo ml and

. fliness ha
This paticnt 6 months after the acute i d 8 sl CapRey o o ot might

was then sble to go home each week-end with this
of value
ngid in
negative

cases of severe paralysis. This app 18
1n chronic respirator patients whose chests have become
the inspiratory position as a result of the prolonged
Tes! nt.
P ';‘;:: :j:‘r::: has another advantage, for it assists venous
return from the lower limbs  The tank respirator, on the D‘!"l;f
hand, hinders venous return mn the same way 2s does I.Pt;d' ‘_
Phrenic nerve stimulation has been sugg:§ted asa "‘,Cthsunlf)'
artificial resprration by Sarnoff (1948), but this method is l)!‘ o
quite inappropriate for paralytic pchomyclms: as this mhunic
encourage and hasten the Wallerran degeneration of the p! hen
perve which 1t 15 our chief purpose to avoid. In any case,
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the phrenic nerve nucleus 15 destroyed, the phrentc nenve ceases
to exist within 2 to 3 days, and this degeneration is hastened by
electrical stimulation (Cook and Gerard, 1931).

The same objection applies to attempts to stimulate the
intercostal muscles electrically, as their electrical response depends
Targely on the integnity of the nerve supply.

However, Macaulay (1954) has reported cases in which
apneea was due to failure of the respiratory centre, and tn which

Vo e - J——

TG 22 —Rocking bed * 1n use (from Schuster and Fischer-Williams)

has been d by phreme 1 In this
tare type of case there 1s no paralysis of the diaphragm so that
this method becomes more rational  However, the other methods
of artificial respiration are also effective mn this type of case, so
the need for the phremic method 1s still not obvious

The Rocking Bed (Fig 22) has proved to be a useful addition
to treatment in cases of respiratory paralyss It was first
advocated for this purpose by Wright (1947) and 1s developed
from the well-known method of artificial respiration advocated
by Eve (1932)  Schuster and Fischer-Williams {1953) have con-
firmed its usefulness The gas meters which are now avallable
tnstead of water spirometers can be used without difficulty to
measure the effect on the tidal air of rocking the patient  The
increase m tidal air effected may only be rco-150 ml, but even
* Now manufactured by Cape Engineering Company, Led , Warwick
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this relieves the stram on the paretic muscles, and alo has a
tonic effect on the patient's circulation and kidaeys.

"The usual practice is to start wsing the rocking hed for short
periods (5-10 min.), when the patient 15 able to breathe without
assistance for 10-15 min.  Often the rate of improvement m 1ital
capacity is considerably accelerated by this exercise, and after
the patient has learned to breathe with the machine, he may be
able to use it for many hours of the day and night.

During convalescence the development of even 2 mild chest
infection many necessitate resumption of respirator treatment for
a few days or weeks.

With improved methods of treating the acute stage a certain
number of patients will be kept alive who have extreme degrees
of respiratory paralysis and who will require artificial respiration
for the rest of their lives

In one such case after twelve months on LP.P.R. there is
no detectable recovery of the respiratory, or indeed of the other
spinal muscles.

GLOSS0-PHARYNGEAL BREATHING

Some patients with extreme degrees of respiratory paralysis
have learned to press mouthfuls of air down into the Jungs by
action of the throat and tongue muscles (see Spencer, {954)
Apparently it 1s passible by means of this manceuvre to inject 2
series of mouthfuls of air into the lungs until they become \chll
distended, after which the larynx is relaxed to permt expiration

RespIraTOR UNITS

Respirator Units are planned to save life m :h.e acute stage
by preventing respiratory insufficiency, but after this has pass
the rehabilitation of these severely paralysed patients presents 2
new sertes of problems, and for these a imited nu{nber of lt,\‘pﬂﬂ!l”:
umts are required These should ez\c.h prm:'xde for 6dw'iccs
respirator cases They should be provided with all t.hc ﬂuu\d
for weaning from the respirator, and at the same time W
provide tolerable condittons for the hopeless case.



CHAPTER X
CARE OF MUSCLLS AND JOINTS

Curg of the muscles and jownts during the paralytic stage of the
disease is sometimes a simple matter, but on other occasions 1t
presents considerable difficulty.

As the paralysis appears, the patent must be persuaded by
every possible means to avord voluntary muscle activity  The
disastrous but all too common reaction of @ robust patient that he
must keep s lumbs moving nll they will more na more must be
antispated and countered effectively by explanation. On the other
hand, orthopadic attempts to enforce muscle rest by the use of
frames are highly undesirable at this stage of the disease  Not
only may ths seriously complicate the handhing of respiratory
paralysis should 1t develop, but there 1s no evidence that rigid
sphnting does in fact result in the desired phystological rest of
the muscle,

Pain may be associated with reflex contraction {* spasm )
o paralysed musctes, and es quickly form  Every
effort should be made 1n the acute stage to reheve pam and
promate physical and mental relayation 1t 1s not known which
drugs can be used with most safety 1n the acute stage, but barbr-
turates and Tab Codein Co seem to be satssfactory, while hot
packs often grve much relef  The study of drugs which reliere
this muscle tightness requires further research  Gentle passte
movements should be meorporated 1n the process of examination
from the first day of the disease, and this quickly shows which
muscle groups, if any, are likely to cause trouble,

“Muscle spasm ", muscle shortemng and contracture

The term ** muscle spasm ™ was introduced by Sister Kenny,
but 1t consists not of an active spasm s the neurological sense,
but of a protective fixation of muscle n moderate contraction
very sumlar to that observed m relation to a fractured bone or
wilamed joint  In poliomyeliisedrowevss, this fixing attempt by

P—n = -
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the muscles may act very unevenly owing to asymmerrical
patalysis, and 2 joint may thus be pulled o 2 progressicely
deformed posture which, if neglected, later merges into a firm
contracture of the muscle concerned

This i not the whole story, however, for all muscle tssue
shows a strong tendency to shorten whether it is paralysed or not,
and it is partly for this reason that the full range of joint movement
should be established as soon as possible (as indeed Sister Kenny
advocated for other reasons).

Generally the muscles which tend to shorten are those which
are strongest, thus the pectoral muscles shorten quickly m
deltoid paralysis, and the shoulder-raising muscles (including the
trapezius) shorten quickly when the shoulder-fixing muscles are
paralysed, especially if the patient 1s kept Jying Qown, so that
the normal gravitational pufl downwards is inoperatne.

This shortening of the strongest of opposing muscle growps
led ta the entirely erroneous idea that shortening (tightness) is
an important cause of weakness of the opposite group, clearly
this shortening is not a cause but a consequence of the \\nkntfs
opposing. “This fact 18 very apparent when other farms of flaccid
paralysts with muscle imbalance are studied Such muscle
shortening may, howeter, interfere with exercises to increate the
strength of the paralysed group, and for this purpose spring
devices to assist the weak muscles are helpful. 3

This muscle shortening is often wrongly called spasm, yetits
true nature must be recognized, for too vigorous attempts 1
stretch shortened muscles will damage the muscle fores and may
even precipiate a calcifying myosis. .

Here is sometimes a danger for the hot-pack enthusfast, since
the hot-packs rarse pain thresholds and may enable the physio-
therapsst to stretch too hard and too soon.

This muscle shortening, although well seen in the smmgcﬁ
of opposing muscle groups, will also appear completely
denervated muscles if they are left 10 a relaxed position Thusd.
in a resp case with plete paralysis of all upper himb z{n
shoulder muscles, shortenng will quickly develop in musces
relaxed by the patient's posture, thus the pectorals ’“{dhh‘“l;z
often shorten severely as do the extensors of hips and \h\gls .
is of course ridiculous to call this spasm, for these muscles ar
denervated and permanently useless,
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Dangers of maintaning relaation of paralysed muscle
Here we encounter the long-standing medicat view that a

denennated muscle should be kept in a relaved posture, This
wdea §s, bowever, based on a misconception, for sf a denervated
muscle is allowed to shorten as a result of this treatment, then 1t
becomes vulnerable to later attempts to regain the normal range
of movement  Thus, remaval of 2 long-mamtamed abduction
sphat at the shoulder may be followed by weakening of the
deltoid muscle. This has often led ta the conclusion that the
sbduction frame 35 necessary, whereas 1t 13 more probable that
this effect was a consequence of the sphinting having allowed the
weakened muscle to shorten and thus become easily damaged
Thus, 1t should be understood that the range of movement of a
paretic muscle should be maintained, and kere no doubt hes the
key to some of the successes of the Kenny methads. It also

h the need for p and early passive move-
ments to maintain not only the range of jomnt mosement, but
also the capacity of bath the weak and the strong muscles to be
stretched without harm
_ The musele tightness of the acute stage generally disappears
3 or 4 weeks sn wellreated patrents  Muscle shortemong
should not be alfowed to develop, but of course a gross degree
of muscle imbalance may cause a Mfelong struggle agamst
deformuty.

Sphnts

Though the dangers of constantly relaving muscles with
sphats are becommg clear, they may be valuable sf only used
mtermuttenely, for they may then contribute considerably
towards preventing the deforming tendency of muscle imbalance
This then 15 the true function of splints, They should not be
used to keep paralysed groups of muscles continually 1 a position
of relaxation, as this 15 harmful to the paralysed muscle, but they
should be wsed termuttently to it the deforming effects of
muscle imbalance, In other words, they should be used m the
tmportant endeavour to prevent 3 dominant muscle graup trom
shnﬂmmg Thus, 2 bed board for the feet to rest on 3 tmportant
n the prevention of the common shortening of the calf muscles,
but 1t 15 of course not enough, and passive dorsiflexion of the
foot 2nd taes carmed out with all the nurses’ strength (when the
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early sensitivity has subsided)several times 1 day may bean essentsa
part of the treatment necessary to prevent calf-muscle shortening
(contracture) Weight bearing without heels on the shoes also
plays a helpful part in keeping the calf muscles stretched.

Nurse and Physwotherapist

The commonly accepted view that physiotherapy should only
be done by physiotherapists is harmful to the treatment of
poliomyelitis, for few physiotherapy services can possibly provide
the four-hourly passive movements required The physio-
therapist should recognize this situation, and nstruct her nursing
colleagues accordingly.

Hot packs. ‘The use of “ hot packs ", as advocated by Sister
Kenny, has recerved so much publicity that some might be led
to think that their use reduces the amount of ultimate paralysis
There 15, however, no reason to suppose that the life of a single
nerve cell has ever been saved by the use of hot packs.

The mam use of the hot pack is to reheve pam, and thus
reduce the muscle spasm which is aggravated by local pun  In
this connectson 1t should be emphasized that muscle spasm (as
distinct from muscle shortening) does not, and indeed cannot,
occur 1n muscles whose spinal cord motor cells have already been
destroyed, so that 1n the acute stage of the disease muscle spasm
15 a good sign as far as the recovery of that particular muscle 18
concerned  The relief of pan and reduction of spasm by hot
packs has led to the false 1dea that hot packs have saved 3 muscle
{in spasm) from paralysis ; whereas in fact the muscles in spasm
cannot have already been paralysed (i e. denervated). .

As has just been pointed out, however, spasm of unopposttj
muscle groups quickly leads to muscle shortening, and must be
countered with increasing vigour after paralysis ha;\s ceased to
spread  Hot packs may be useful here, although l}mr need qf“"
indicates that the patient has been allowed to he in one pusmotrsl
for too long a period  Where frequent gentle passive mﬂvﬂ?cx"h >
and changes of position are carried out from the onset o
disease, muscle spasm and shortening are rarely !mublcsomehm

The mamn benefit derived from the Kenny treatment was t'o—
1t provided an effective counter to an unrcasonzbl'c and unp};ly;sutm
logteal orthopzdic tenet that paralysed or paretic Itmbs s
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be rigidly splinted, The nghtly famous Liverpool School of
Orthopzdics had for over thirty years taught that a paretc muscle
should be sphinted (Seddon, 1952). This ** principle * has long
since been discarded 1n most nerve mjury centres, but unfortu-
nately it still persists to some extent 1 the treatment of polio-
myeltis. It 1s not surpising, therefore, that the Kenny treatment
has, in a certam type of case, been very successful, though the
Kenny treatment 1s based on ideas which are unacceptable to
modern neurophysiological knowledge

In the writer's experience acute paralync polwomyelttis can
be handled very well without hot packs, indeed, of there 1s any
shortage of stafl, the appitcation of hot packs will divert precious
effort, and lead 1o the neglect of much more mportant 1asks

Passive movements

On the other hand, passive mavements ace witally tmportant,
so much so, that, as has already been stressed, the nurse should
be expected to spend 2 or 3 munutes moving the imbs every
few hours

Gentle passive movements should be instituted from the very
onset of the paralytic phase, and indeed if skilfully carried out
these preatly reduce the tendency for muscle spasm to develop.

In order to carry out passive movements of the arm and
shaulder the nurse should raise the upper limbs with two hands,
one at the elbow 2nd one at the wrist  Necessary motements
are arm sbduction and rotation at the shoulder, forearm exten-
s10n, supmation and pronation, wrist flexton and extension ;
finger flexion and extension, thumb opposition  Five or ten
seconds spent on each of these mosements, to 4 degree short of
pam, every few hours will pay rich dividends sn the free muscle
20d joint mosement acquired early i convalescence

For the lower Lmb the leg 15 supported by two hands, one
under the knee and one at the ankle. The knee and hip are
fleved and extended The hip 1< abducted and rotated both
outwards and nwards. The leg 15 rased straight to the point
of commenctng discomfort. The foot 1s passtvely flexed,
edtended, sverted and cverted ‘I'he toes are fleved and
extended.  Dorst-flevson at the ankle and toes should be carried
out with it the vigour the patient can tolerate to counter any
tendency !Qa}mr(enmg of the calf muscles  In the case fliustrated -
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in Fig, 23, there was a strong tendency to contracture of the
thigh flexors and plantar flexors, but this was completely corrected
in less than three weeks from the onset of the illness by frequently
repeated passive movements to stretch the tight muscles without
any splinting.

If any muscles tend to shorten, these should also be stretched
by posturmg with pillons

With regard to stiffness of the back and neck, reliance may
be placed on frequent changes of posture (Figs. 10, 11 and 12)
Right and left lateral, right and left semi-prone. The full prone
position should be used once or twice daily as this is specially
valuable 1n the prevention of spinal deformities The prone
position may be specially comforting when there is spasm of
spmal muscles,

Prone lying for, say, half an hour three times a day is a vital
part of the postural treatment of all patients with severe trunk
and lower Iimbs paralysis, for it counteracts the common tendency
for mud-dorsal kyphosis, and for flexion contracture at the hip
—the latter 13 specially disabling when attempts to stand .bcgm‘
During prone lying the thighs should be abducted especially if
same counter to contracture of the adductors is required.

" h

whom * spasm ** of the left thig

i was cosrected by phystotherapy
the allness.

FIG 23 —-A gurl, aged 16 months, 4
Réxors and plantar flevor muscles
alonc within three Weeks of the onset of
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Nurses should be taught by the doctors or physiotherapists
to carry out these various manauvres n Such a way that the
patient 15 not unduly fatigued,

In the acute stage, especially, every effort should be exerted
to make the patient comfortable, and the frequent slight changes
of posture which good nursing provides are of great value.
Nurses and physiotheraptsts often seem afraid to change the
patient’s position in bed 1n the acute stage of poliomyelitis, but
thus outlook should be discouraged, for the more the patient lies
m ene position the more does he become sensitive to movement
Provided the patient 1s awake, small changes of position can be
mzde every hour or two, or more often 1f he asks to be moved
These frequent and shght passive movements are much more
important than hot packs m the avoidance of prolonged muscle
spasm, and there 15 a danger that they may be neglected when
hot packs are applied with vigour

There are of course great advantages if the same physio-
therapist can treat the case 1n both fever hospital and rehabilita-
tion centre,

To summatize, therefore, treatment in the paralytec stage ts
directed towards the avoidance of all unnecessary muscle activity,
while at the same time avosding the development of painful spasm
or contractures

Trequent passive movements applied from the onset of
paralysis prevent contractures and often make it unnecessary to
use sphints of any kind Plaster beds and frames designed to
mamntain the hmbs and trunk 1n one position for long peniods
are still advocated by a few orthopadic surgeons, but modern
knowledge of neurophyswlogy sees no possible advantage mn
fixation of such severity.

The handhng of the acute stage 15 complicated by the fear of
the rare spread of paralysis about a week after the matn paralytic
phase  For this reason 1t 18 wise to discourage acfre movements
for the first two wecks of the acute stage and to concentrate
attention on passive movements and the avoiding of contractures
n tight muscles,



CHAPTER XI
CONVALESCENCE AND REHABILITATION

‘THE handling of the recovering stages of poliomyelitis presents
great problems, for there are many things to consider, such as:

1. How much exercise should the weak muscles have ?
2, Which muscles are so paralysed that useful recovery 15
impossible ?

- How long should the period of bed-treatment be
continued ?

How should the deforming tendencies of muscle imbalance
be countered ?

How are weak spinal muscles to be supported ?

When should weight-bearing and attempts to walk be
started ?

For how long is hospital treatment necessary 7

How can the possible conflict between the demands' of
treatment on the one hand, and of home, education
and career on the other be best solved ?

When can the ultimate condition be accurately calculated
and plans for future life prepared ? i
10 What special educational or traming needs .are_req.uxrcl)i

to enable the patient to make the most of his disability ?

- W

au

23N}

*-3

It 15 obvious therefore that the proper hand'hng of these cases
requires a good knowledge not only of poliomyeltis and llts
possible effects but also of the physiology of nerve ar‘nd muscl e',
[{ i (

hysiology and general bolism, orthop y
and of re};va'l;leitatmr?land pgsycholugy of chronic disability, especi
.111)0'::}1c {oun%.h ns are largely responsible for the super-
vision of these cases 1n Britan, and though their organization
1s satisfactory v many respects, 1t is to he regrc(fcd that mm;
attention has not been paid to the neurophysiological aq:lcds t:!
the problem  Further, the scientific testing of the methods use
108
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as been largely neglected, so that we observe an astonrshing
ssortment of methods of rehabilitation with hittle effort bemg
nade to assess their relative value,

Care of weak muscles

The first point to consider s the way 1n which the weakened
muscles should be exercised  There has already been reference
0 a misguided but widely prevalent belief that paretic muscles
should be rested in a relaxed posture throughout most of the day,
and that in severe cases the gradual return to freedom of move-
ment should be spread over a pertod of 12 to 18 months ~ Recently
there has been 2 violent swing away from this view, and 1n certain
chinies protagonists of progressive resistance exercises {Mead,
1950) advise vigorous active exercises from the earliest days of
the disease, 1t 13 claimed that early exercises will achieve the
maximum muscle recovery in a matter of weeks mnstead of months
or years required by other methods

The treat-the-muscle-gently school of thought claims that their
cases ultimately do best, and that they have observed that harm
follows fatigue or when the musele 1s allowed to escape from its
splinted position of relaxation  To this view it seems reasonable
to argue that the effect of delsberately induced fatigue in these
muscles has not been satisfactorily studsed, and that the prolonged
maintenance of a partially denenvated muscle 1n a relaxed posture
may make it artificially vulnerable to stretch, which may be the
cause of apparent detersoration when splinting m a relaxed
posture 15 discontinued ~ As will be shown later, the author has
faled to confirm that deliberately induced fatigue does harm to
paretic muscles 1n the recovering stages of polismyelitis

Certainly 1t seems reasonable after the first two or three wecks
of the acute stage that there should be a complete change 1n the
handling of the patient  Any risk of aggravating the spinal cord
damage has now presumably passed, and the rate of rehabilitation
should be steadily increased so that after two further months the
Patient 15 spending a considerable part of his day exercising weak
muscle groups Resting weak muscles ceases to senve any useful
Purpose after the carly weeks of the major illness, as the spinal
cord cells affected by the discase have probably esther disappeared
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or recovered a healthy appearance (Howe and Bodian, 1942)
sithin ane or two months from the onset of the major fllness.
In this changed situation physiological fangue of weak muscles
should provide the best natural stimulus to hypertrophy

Traditional methods of resting muscles in relaxed postures
for many months are being rapidly revised, especially in America
where ** progressive resistance ™ exercises are being used during
short periods of hospital treatment, the intermediate pesiods
being spent at home (Mead, 1950). The deliberate avoidance of
exercises for unaffected muscles antagonistic to paretic muscles
has theoretical possibilities which are worth exploring for the
prevention of deformities.

It seems likely, therefore, that the traditional rate of rehabilita-
tion is undesirably slow, but research is required to ascertamn the
optimum method of exercising weak muscles under different
conditions.

Methods of testing relabulitation methods

Measuring muscle strength. The first need in the scientific
study of muscle recovery is to provide a reasonably accurate
method of testing muscle strength  For this purpose certain
museles (such as biceps or triceps group) are much easier to test
than others, and may be used in the first instance.

The o to 5 method of scoring on muscle chan_s, though 2
valuable part of the record and treatment, is unsuitsble for 2
detailed study of the rate and degree of recovery of a particular
muscle group. For this purpose some measusing device must
be used so that the actual strength of 2 few muscle groups m
each case may be charted once or twice a week. It is obvious
that the conditions and positons under which esch n.xeasurcmcnt
15 made must be as constant as possible. Simple spring halanccs
are adequate for practical purposes, but the position of the hn!
must be the same at the moment when each readsng of thf Spr}“g
1s taken (Fig 24 (@) and (). An angle ?f 90° is convenient for
muscles acting on the elbow, knee or }'up‘ 4 ot

A recordmg dynamometer will provide a useful “?D; \'n .
only of the mavimum strength but also of the rate at 12 g
under different condnons (Figs 23, 26, 27)

Vi 1]
For the muscles of respiration a measure of the vital capacity



FIG 24 (a) —A simple spring device to measure the strepgth
of a triceps muscle
Note that gravity s excluded and the record taken
with the elbow at go degrees
) ~Spring device used to measure strength of hamsinngs



T 25 (a) and () —A recording dynamometer designed by
Dr. Edgar Schuster, O B E.

This 35 munt eauly used to measure gnp (Fig_27), but may be adapted to other
muscle groups (Fig 26) The dvnamometer 1s manufactared by I G East & Co.
374, Oxford Road, Cowlev, Uxford
1z
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15 useful (Fig 28), while the strength of the abdominal muscles
corresponds to some extent with the strength of forced expiration,
and this may be measured by blowing mto a U-tube contuning
wnater,

Whatever method 1s used, 1t is quite possible to prepare muscle

L Quuonts, ity
Jt J!!: ity
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FIG. 26 —Fangue record on dynamometer of weak tnceps muscles
3 months after onset of the discase

‘The patient (a young soldier) was instructed 1o make & maximum contraction
and telease at a rate of about 3o per manute

measurement charts for the approvimate rate and degree of recovery
from svarious initial levels of weakness This provides a base-
line against which the value of all methods of treatment may
be assessed

These stmple methods were advocated by Losett and Martin
(1916) long ago, and are perfectly suitable for measurements of
this kind, as the wide range of changes which occurs precludes
greater accuracy.

Research report

As a contribution to the study of rehabilitation, D Fischer-
Wilhams and the writer have recently been concerned with a
study of muscle recovery (Russell and Fischer-Willams, 1954)

We attempted to record the rate of recovery of a few muscle
Broups m a number of cases over a period of a year or more
The patients studsed were retramed according to the following
Plan * During the first 3 weeks of the acute stage complete
Physical rest was enforced, along with sedatives when they were
considered safe, During the whole of this period, however, the
Patient’s posture was changed every 2 hours, and the joints were
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FI¢ 28 —Record of vital capacity during 2 period of 6 weehs
after the acute illness
The panene, a marricd woman aged 32, was not treated tn & respirator, but durng
the first 3 weeks her posiion m bed was changed every 2 hours  The smalt atelectacrs
occurred after this stric rautine was relax
114
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passnely moved by nurses every 4 hours  Hot packs were only
oceasionally used for the relief of muscle pain  After 3 weeks,
active movements were encouraged 1o an increasing exten!,
specal attention being paid to weah muscle groups Shing
exercises were used freely; underwater treatment was not
available,

Within 6-8 wecks of the onset, standing and watking between
parallel bars was begun for short persods with appropriate body
support, even m the severe spinal and lower-mb cases In
gereral the view was adopted that there need be little restriction
of movements, provided that progress was satisfactory and that
faulty habits and deforming postures were avoided  In nearly
70 per cent of the fifty paralytic cases studied m 1952, the patients
were allowed to return home within 3 months of the onset of the
dliness, provided that ad q p ph: herapy and
orthopad:e supervision could be arranged.

The measurements were made under umiform conditions as
fegards the position of the patient and examner during the test
All measurements were made by one of us (M. F-\V')

. With a httle ingenuity most of the important muscle groups
in the imbs can be tested For example, the thigh abductors
may be measured while the imb 13 supported t shings

The cases studied were selected from seventy paralytic cases
treated i 1952 and 1953. The muscle groups studied were
those which” Wwere most sumtable for measurement and were
Paretic but not completely paralysed 1 the acute stage It was
4ls0 essentual that the pattent should be old enough to co-operate
I the tests, the ages ranged from g to 40 years Otherwise
the cases were unselected

. Results. In this prehmunary study the muscle groups used
include flesion and extension at the elbow and the knee, the gnip,
and the vital capacity  The results obtained from 2 large number
of measurements may be presented in different ways, In Figs
29 and 30 the progress of recovery of the flevors and extensors
o the forearm 15 shown for several different cases  Fig 31 gives
the progress of recovery for the thigh muscles in a few cases, and

'8 32 gives dynamometer readings These records indrcate
that smprovement begins 3 or 4 weeks after the onset of polio-
myelits, and that there 15 2 steady mncrease of strength for 3040
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2 4 6 18 2!
WEEKS FROM ONSET OF ACUTE ILLNESS

Fic 31 —Recovery of thigh muscles

-7 F,3r, 9, M. 10,
. . th' week of paho-
. . ' eck her extensors
- 0 .

3 52 86 60
6 a7 16 20 24 26 32 36 40 48 ¢
WEEKS FROM ONSET OF ACUTE ILLNESS

dsnamometer 1
Fte. 32 —Progress of hand grip, shown by recording
™o \l:nmen, Mrs A, aged 27, and Mrs B, aged 3t

18
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weehs, by which time further rccovery 1s becoming very slow,
and 1n some cases has ceased,

In some patients (e g, Nos. 5 and 8 %) rapid improvement
took place during the sixth month after the onset. Patient § had
not, howeser, previously been encouraged to exercise vigorously
Panent 8 had very weak deltoids, and quick improvemeat followed
greatly mncreased arm movements, which were made possible by
the fitting of springs and shings to provide floating support for
both upper limbs 1n abductton while he sat 1 hs charr In
all these curves the rate of recovery seemed to be farly regular
In particular there were no rapid increases n strength, as might
be expected 1f nerve regeneration played an important part in
fecovery

Experiments with Fatigiung Exercises

During the period of observation we introduced experimental
penods of intensive exercise to one muscle group lasting § minutes
once an hour for 10 hours a day, and this was contmued for 2
week These periods of intensie exercise were not standardized
in detarl; some consisted 1n repeatedly rasing a weight with
the muscle group exercised, the weight being over half the
maximum which could be raised on one occaston In other
¢ases the exercises were carried out agamnst springs appropriate
to the strength of the muscles exercised

These frequently repeated and intensne exercises were
generally continued for 2 week It should be repeated that these
spectal exercse pertods, marked 1n the figures, were added to an
already active régime

A3 seen from the figures, these special exercises often had
Povery obvious effect on the curve of recovery, so far as maximumn
strength 13 concerned. The curve of recovery, however, con-
tnued during the period of special exercise, and In some instances
2 quickentng of the rate of tmprovement followed the exercises

¢rious weakening of the exercised muscles was not observed 1n
any case

Duning these repeated exercises, even though the maximum
Strength of the muscle changed iittle, 1t was often noticeable that

fir The case numbers i this section refer only to the case numbers
s 20 and 10
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t!le number of times the weight could be lifted increased con-
snderablx. This was well seen in patient 8 (Fig 33), and this
obser\':fnon emphasizes that maximum strength is not the onl
fact?r in muscle efficiency. d

. PR v

is here being used in the physiological sense in which repeated

190
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20
33 WEEKS AFTER DAYS
ACUTE ILLNESS

number of times night forearm could
Lower register gies maxtmum
dunng the same

Fic 33 —Upper register records
extend aganst § Ib resistance
strength of right forearm flexors and extensors

period,
Solid bar, period of Intensive eXercises to EXIENSOr

duction in strength  We have
ffect of long persods of weight-
very weak muscles.

movermnent leads to 2 tcmporary re
not yet studied in much detail the e
bearing, walking, etc, in association with
In this connection 1t may be pointed out that weakening of
muscles after excessive weight-bearing may be caused mat by
fatigue but by stretching of a rmuscle which 1s not ony weak but
also uight This possibility did not, of course, arse 1N our
experiments

The measurement o
after the patent returned to an active Life 2

f several muscle groups was continued
t home ; and, as can
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be seen from the figures, this return was often followed by an
acceleration of the rate of recovery of the muscle groups being
measuted  The recovery of the muscles of respiration 1s of
special interest because they can never rest for long and because
their recovery can be measured by the wital capacity (Fig 28)
Their rate of recovery 1s m many ways sumilar to that in hmb
muscles, and has been reported by Schuster and Fischer-Williams
(1953)

In Fig 34 the rate of recovery of four muscle groups 1s given

4 B 12 16 20 24 28 32 36 40 44 48 52 56
WEEKS FROM ONSET OF ACUTE ILLKESS

Fie 34 —Recovery of four upper-limb muscle groups m one patient
(Mrs A), the weakest of which (Rt flexors) were submtted to
special exercises 1 the 1oth and 11th weeks of the illness

Bhile one of these was submutted to a special exercse period
This record 1llustrates that, while the weakest muscles are increas-
g in strength, so also may be the others, and 1t 1s therefore
unlikely that tmbalance can be corrected by this type of exercise
Tn this connection other methods may prove more effecttve
Analysis of these figures gives some indication of the rate of
Inerease in the strength of paretic muscles when these are treated
on the lines described 1In several cases there was a fourfold
Increase 1n strength 6 months after onset of the illness compared
With that at 1 month  The ncrease, however, was less in some
of the very weak muscles, and it will be particularly intercsting
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to compare the rate of recovery recorded in this series with that
obtained with other types of treatment. It may be, for example,
that the optimum vigour of exercising and retraining varfes with
different muscles and different degrees of paresis It will also
be important to record whether the use of hot packs or under-
water exercises is associated with a quicker rate of recovery than
that observed with the simpler methods used here

In this serjes the limbs were treated without any rigid splinting
in the acute stage of the illness apart from boards to support the
feet; the jomts were moved passively, and the posture was
changed 2-hourly, 'There was thus little or no muscle tightness
to interfere with measurements made 3 or 4 weeks after the
acute illness began  Other methods of handling the acute stage
of poliomyelitis may influence the first readmgs for charting
purposes, but this should not prevent comparison of the later
stages of recovery under varying conditions.

Physwology of Recovery

The pattern of muscle recovery indicated in these charts is
difficult to explain  In the first place, as has been mentioned,
there 15 no step at any stage in the curve which would suggest
nerve regeneration as seen 1n recovering nerve wjusy  Recovery
may depend firstly on hypertrophy of the surviving muscular or
neuronal elements (Edds, 1950), and secondly on a reorganization
of the connectrons to the surviving motor cells.  The organtzation
of the neuronal pool 1s more alterable than was generally thought
posstble (Eceles, 1953} and, 1f some such reorganization takfs
place, the best results will be obtained by the patient’s own
determined efforts to move the weak limb. This may mdeed
explain the well-known but surprising achievements of the pa!éenl
really determined to stimulate his weak muscles. As Robert
Lovett wrote in 1916
e an 1mpulse from bram to muscle

M. 21tempts 1o drivi
Puscle taning o hs around affected centres in

to enable 1t 1f possible to open up new pat
the cord

his investigation seems to
f different types of treat-
been widely adopted

The type of measurement used 1n ¢
be an essential part of the assessment 0
ment, and should in the wniter's view have
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Jong ago by those who treat poliomyelitis  Phystotherapists can
casily learn to make measurements of this kind, but there seems
to be a widespread disinchination to measure progress accurately,
It 15 clearly an essential step to take if sense 15 to be made out of
the present state of confusion regarding the treatment of paretic
muscles.

Muscle fatigne

‘The suggestion put forward by the writer in the first edution
of this booh, that muscle fatigue 1s the best treatment for paretic
muscle, has been wxd:ly crtcized, for the avoidance of fatigue
sa hor of 10 many chintes.  How-
ever, it should bc punted out that faugue as used here means
exercise to the point of the muscle becoming much weaker, say
one half of ts onginal strength, and this may develop i less than
§ rnutes, 5o that exercise to the point of fatigue n such 2 muscle
would mvolve only § munutes of exercise

In passing 1t may be mentioned that severe fatigue of  normal
muscle becomes apparent by severe pan deselopmng m the
muscle, but 1n the case of severely paralysed muscles no such
pan develaps, tndeed, fatrgue mvalves no sensation 1n the weak
muscle, there is sumply loss of strength  Thus, when such
muscles are evercised to the pomt of physiological fatigue, the
pattent has na feelings of fatigue or of over-exertion It 15 also
obvious that any observed weakening of muscles treated would
naturally require reduction of the amount of exercising, but 1
practice thus rarely happens, In any case the patients here
studied were subjected daily to muscle fatigue, and the rate of
secovery has been recorded It remams to be shown whether
other methods or rates of rehabilitation achieve a better result
8o far the wrter has found no reason to alter his view that many
current methods of muscle re-education in poliomyehitis are so
tinud as to be unphyswlogical and even harmful




CHAPTER XII
PHYSIOTHERAPY

Trie physiotherapist is all-important during the stage of recovery,
but she must prevent her methods from getting into rigid patterns,
and should attempt to maintain a critical attitude to al) she does

Muscle Charts

To the phystotherapist will probably fall the task of preparing
a muscle chart so that alf weak muscles can be identified. Unfor-
tunately, the usual o-5 method of muscle charting is not really
suitable for cases of poliomyelitis, For example, grade 3 repre-
sents movement against the force of gravity, But a mere z per
cent of the flexor digitorum muscle will move the fingers against
gravity, whereas for the hip-flexors or abdominal muscles, welt
over 50 per cent of normal is required. What poliomyeltis
cases require 15 an assessment of the fraction of muscle which
15 operating, and this can sometimes be done by 2 record of
percentage of the normal.

Muscle charts are never very accurate, but they are none the
less of great tmportance in assessing the best pian for treatment,
and they shauld be suppl d by muscle charts
(see p. 111)

Muscle treatment

The physiwotherapist must learn not only to identify the \\gak
muscles which most require strengthenmg but also to recognize
any restrictions m the range of movemens of muscle or joint
which may mterfere with rehabulitation  For ciar?p)e, a few
degrees of flexion contracture at the hip joint will senously
wnterfere with early attempts to walk. The hmuations of the
range of movement may be corrected .

(3} By frequent passive movements to stretch the night
muscics, which should be gren every few hours by 3 nurse of
relatine when o phystotherapist 1s not avarlable.

124
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(2) By exeraises designed to mncrease the range of movement,
and for this purpose the Guthrie-Smuth slmgs with spring
support are valuable (Iig. 35)

(3) The patient’s day should be planned so that he can treat
himself to some extent For example, abduction slings for the
arms (supported with springs) greatly assists rccovery of weak
shoulder muscles

Fic 35—The use of slings and springs to improre the conditions
for excraising abduction parests

Some muscles are of course much more important than others
and much thought should be given to devise methods which
will be most profitable considering the time available

It 15 first necessary to identify those weak muscles which
need most attentton from the pont of view of the pattent's
functional recovery Groups such as thigh abductors may need
special attention, as will the shoulder-fixing muscles which are
essential if crutches are to be required \Where two oppostng
muscles are respectiely strong and weak, exercises for the weak
muscles only should be planned, while use of the strong group
18 discouraged  This 15 1mportant where the trunk muscles on
one side only are weak, The patient should attempt to learn
nat only 1o exercise the weak stde, but to refrain from allowing
the strong side to exert 1ts full strength or to cause deformity

Exercises 1o trunk and pelvic muscle groups tequire most
Planning, and shings to reheve the burden of gravity arc valuable
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in this connection, as also are carefully planned underwater
exercises in a therapy pool.

Trick movements

Trick movements, such as offend the well-trained physio-
therapist, need not always be discouraged, as their use may
indicate that one muscle group is severely or even hopelessly
paralysed.

There is 2 highly skilled group of physiotherapists who study
individual muscle training in recovery from poliomyelitis, and
to whom the exact pattern of movement requires most detaled
training and study. Admirable though much of this specral
exercise work is, it 13 sometimes upnecessarily restrictive and
discouraging to the patient who wants to move about as much
as he can. Further, it may with confidence be suggested that
the spina) cord is probably the best judge as to the most efficient
way to deploy 1ts himited resources after poliomyelitis, and that
trick movements may often be encouraged with advantage, and
not discouraged. However, here again is an opportunity to
experiment and to compare the progress of cases 1n two umts,
one of which allows trick movements to be used freely.

The patient’s psychology

Whatever methods are used, 1t is quite certain that the patient
must be kept keen and always trying, If he becomes lazy an’d
indifferent, then that will do much harm, for the patient’s
own determined effort 1s much the most powerful factor avail-
able to get the best possible degree of recovery in the muscles
affected

After the first -8 weeks in hospital, and where profonged
hospital care 1s required, it 1s often possible to arrange for c;n-
valescent patients to go home for two nights each ueek-c:nd under
conditrons which do their muscles no harm and do their morale

much good

Heat, massage, electnicity, elc

The chief purpose therefore of physiotherapy 1s to traim the
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patient to exercise the mmportant weak muscles, to prevent any
muscles becoming tight and to avoid deformity, In addstion,
however, the paralysed limb must be kept warm, and the best
way to do this before treatment is to warm the body as a whole
~—not the cold limbs only—and a hot air bath to the trunk 1s 2
good method of doing this.

Duathermy to the spme has been advocated, but can have
little effect apart from warmung the patient It should on no
account be used 1n the acute stage of the disease, as 1t may then
be harmful.

Massage 1s Inttle used now in pohiomyelitis, but 1s of course
soothing and beneficral to the arculation

Hopeless muscles

Electnisty 1s of more value in diagnosss than treatment  The
strength duration curve (electrical reactions) will help to identsfy
the hopeless muscles, but the best method (Brooks, 1953) 15 to
stmulate clectrically the nerve to the paretic muscle when the
muscle fibres which can recover voluntary movement will contract,
vhereas the nerve fibres to muscle which does not move are
degenerated, and no regeneration (as far as 1s known) occurs 10
polomyelitis

Ttis possible that electrical stimulation of weak muscle groups
may assist re-education at a certan stage, but 1t should always
be remembered that the determined effort by the patient 15

always 2 better sumulus to recovery of function than anything
else

Prevention of deformity

The avoidance of deformuy comes last m this book, not
because 1t 15 least umportant, but because 1 the more recent
history of the subject 1t has too often come first, to the exclusion
of other vital parts of rehabilitation and treatment  The history
of the various measures used to prevent deformity during the
Past forty years makes depressing reading, for much harm has
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been done in attempts to asoid deformity, and many methods
still in use do not bear critical scrutiny.

Some deformities are very difficult to prevent, for even where
the prevention of deformity is considered to be the first require-
ment of rehabilitation, the results of treatment directed to the
avoidance of deformity are at times extremely disappornting

Deformity due to muscle imbalance

If a paralysed muscle is opposed by normal muscles, deformity
1s hable to occur.  Such deformities vary greatly in their import-
ance ; thus, a limited degree of flexion contracture at the elbow
may be advantageous. On the other hand, adduction contracture
of the arm in cases of deltoid paralysis should not be attowed to
develop. Similarly, the flat (“ape™) hand resutung from
paralysis of the thenar muscles should be avorded.

In the lower limb a variety of foot deformities may result
from muscle imbalance, but many of these are counteracted by
werght-bearmng with, if necessary, a light below-the-knee caliper
gving spring support to the foot as required  These cases can
often be treated ** on their feet ” with suitable appliances, but if
there 15 a flarl ankle or knee joint 2 caliper may be required to
render weight-bearing safe.

In the thigh an adductor deformity may occur when the
danger of this 1s not adequately countered in the early \\c'eks
after the acute illness, and of course the all too common flexion
contracture at the hip which 1s due to a falure to msist on the
use of the prone posture for 2 or 3 periods daily as a part of the
treatment routine. .

In the upper hmb deformines due to muscle xm}m]ance
present a different problem, as functional usefulness hfrc is more
itoportant than stability. Operations to improve function x'nc]ude
arthrodests at the shoulder or elbow and transplantation of
tendons 1 the forearm and hand (Seddon, 1954). :

Rigd forms of splinting to the hand and fingers shou}d rax;c‘);
be used, and then only for imuted periods eacht day. ‘The ;
range of movement of fingers and wrist should be n?amtzmn; y
frequent passine mosvements performed several times a day.
This inolves ssretching the weak muscles as well as the strong
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through their full range of movement  If this point is neglected
the weak muscle will hecome shost and thus dangerously vulner-
able to stretch,

~The chief measures required to prevent deformity by muscle
imhalance are therefore :

1. Frequent passine stretching of the dominant muscle
groups This should not be left entirely to the
physiotherapy sessions, but should be done by the
nurse, the relatives, or the patient himself, whichever
is appropriate.

2 Posturing of the Iimbs with pillows or at times with light
sphinting, partly mn order to give the paralysed muscles
a period at least of full relasation, and partly to prevent
the Iimb from remaining too long with the strong
group in 2 shortened position

3 Exercises designed to increase the strength of the weaker
muscle group  These may be assisted greatly by some
form of Innely support which ads the weak muscle
groups

Shing suspenston of the hmbs with the Guthrie-Smith
apparatus 1s most helpful 1n these cases, but the movements
exercised should be restricted by springs 1n order to hmt the
range of swingmg the himb, as swinging a suspended himb often
becomes something of a trick movement

Falure of static body support

In order to stand without support, the muscles of the trunk
and pelvic girdle are specially smportant If the arms and
shoulder-fiung muscles are strong, the problem 1s relatively
simple, for however weak the lower limbs, strong arms and
shoulders will be able to support the body weight with crutches,
2 can be achieved m cases of spinal cord transectton

Even when the shoulder girdle muscles are unable to support
gnuch weight, the exercise of standing between bars and attempt-
Ing 1o walk 15 highly beneficral Exercises under water are
specually valuable in the very severe cases for whom out-of-water
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attempts to stand are unsuccessful Fig. 36 illustrates such a
patient attempting to walk between parallel bars,

F1G6 36 —Severe paralysis of trunk and lower himbs with weakness of
shoulder girdle muscles  Walking exercises, with temporary splints

to support knees.

Paralysis from the waist downtcards

The young man t Figs 37(a)and (b) was completely paralysed
from the waist downwards, while the muscles above this level
were normal It became early apparent that no useful function
would return 1n the lower limbs, so that there was no object in
prolonging hospital treatment unduly. He was therefore trained
to walk with calipers and returned home and to work withtn five
months of the onset of the illness  These illustrations show the
patient getting out of his wheel chair.

It 15 also possible to teach these patients to take a {?“ steps
withour calipers by locking the knee backwards, and in some
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(2 ®
FiG 37 —Complere paralysis from the waist down Arms and upper
run

(Trsining for & wheel-charr Iife, but also for being able to get out of the chawr himself
and walk slowly with elbow crutches

instances this proves to be better 1 practice than the more
clumsy, but secure, standing with calipers In Fig 38, for
eample, 15 a young married woman who was able to do most
of her cooking and housework from a wheel chair, and was able
to stand up and take a few steps by locking her knee backwards
For 2 week she tried to use calipers, but it became clear that
she could do maore at home without teg sphints of any kind.

Paralysis of one leg
Severe paralysis of one lower limb only provides a spectal
Problem, especially 1n young children Early weight-bearing
under supervison 15 beneficial, but the young patient soon tends
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to hecome too active and the flail knee joi

b and Jjoint may become unstable
whilst the weak pelvic girdle on one side leads to pelvic tilt and
compensatory scol.mms A full length caliper may he used as a
method of protection, and the amount of walking allowed should
be restricted.

Fi¢ 38 —Severe trunk and lower Imb paralysis

Does her housework and cooking from x wheel chair weanng a spinat brace, but
alo trained 1o get out of her chare and walk stowly without calpers by means of

locking the knees backwards

In children, every effort should be made to keep the weak
leg as warm as, or warmer than the strong, lest a difference in
temperature should contribute to 2 slowing in growth in the

paralysed leg
Combined shoulder-girdle and trunk weakness

The really troublesome cases are those which have severe
paralygs of trunk, spmal and pelvic girdle muscles, and in
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adduion weakness of the shoulder-girdle muscles which precludes
weight-bearing by the arms  This presents a special problem,
for there 18 no possibility of the patient eupporting lumselt on
his legs or even on a char without some form of appliance to
keep hum straight.

Standmg, and attempts to walk form 2 valuable exercise for
all; and sometimes, with axillary crutches and perhaps a splint
to mauntain elbow extension, a few steps become possible
Under-water walking exercises are specrally helpful for this tvpe
of case

Fi6 39 ~Scvercly paralysed children playing on a floor of
M4ttresses.

In young children, however, there are speual difficulties as
deformuties are hard to prevent over the growmg years The
P 1s apt to concertmna into a severc kypho-scolwosis with
1anious degrees of pelvictilt.  Even a wheel-chair hfe1s dangerous
for these patients, as it 1s difficult to provide a brace tor sitting
which really prevents deformuttes from developing It 15 clear
therefore that this group, and this group of cases only, requires
Prolonged periods of care 1n the lywng positin, much of which
should be spent in the prone posture It 1s of course desirable
hat periods of sitting up be allowed every day, but during the
8rowing years a considerable part of each day should be spent
mg “These chuldren must of course be encouraged to move

bout as much as they can, and a useful method 15 to cover an
Pk
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area of ﬂoo'r with several mattresses and allow them to roll about
as they wish, Most learn to roll over and over and great]

benefit {mrp this freedom of movement (Fig. 39) ’ Even undc{
the.se c:ondnions, however, there are special problems, one of
which is a tendency for the shoulders to be rused b): muscle
shortening of the upper trapezits muscle, Periods of well-
supported sitting counteract this ta some extent, as gravity will
then pull the shoulders down again.  The device shown in Fig 40
15 2 popular toy with these children,

L
Fre, 4a.~—~This wheeled stretcher can be operated by this child with
severe trunk, lower imb and shoulder-girdle paralysis

Many of these gravely crippled children tend to develop some
degree of spmal deformity which is very difficult to correct.
Immobulizatton 1n plaster beds or on spinal frames 1s of limited
value, and treatment by frequent stretching of the tight muscles
may achieve more, and is better tolerated

Some general principles of rehabihitation

In general, the patient recovenng from poliomyelitis should
be encouraged to work hard at strengthemng his weak muscles
with all the freedom he can possibly be gren, provided that
postures and actiyities which will lead to deformity can be avoided.

Where the home conditions are good, most patients can be
made safe to return home withm 4 to & months of the onset of
the disease, and many can safely go home much sooner.
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However, when there are neither spinal nor shoulder-girdle
muscles to support the body weight, great care and skilled super-
vision are required for an indefi period.  Very longed
hospitalization 1s bad for everyone, especially children, and this
should only be advised for specific reasons from which the patient
will benefit.

The interests of education and treatment may clash seriously,
and as good education 15 always doubly important to the eripple,
great care must be taken to avord anything which will handicap
adult Ife unnecessarily. This specilly applies to prolonged
treatment of hopeless muscles or shight spmal deformity which
often needlessly interferes with much more 1mportant matters
concerned with the patient’s future

Self-help devices

There 1s no end to the gadgets which can be wnvented to
assist the disabled, and thss aspect of resettlement 1s still much
neglected  Occupattonal therapy departments should be pre-
pated to advise the patients i this matter, and arrangements
should be made to carry out structural alterations in the patient’s
home 5o that as useful and independent a life as possible can be
led  An illustrated Dist of such devices can be obtaned on
application to The Institute of Physical Medtcine, 400 East 34th
Street, New York 16, N.Y, USA  Dr Cooksey's demonstra-
tion of the kitchen (1952) for the disabled housewrfe 15 also most
helpful



CHAPTER XII
FUTURE PROSPECTS

Mosr civilized countries are at the moment preparing a pro-
gramme for the immunization of children against poliomyeltis,
and by the time these words are read many such plans will have
been made public.

Most virologists expected that the method chosen would
depend on the use of attenuated strains of the virus administered
perhaps by the mouth as advocated by Koprowski (1954) and
Sabm (1955), and indeed it seems that this method is now avail-
able to protect the individual. Unfortunately, however, although
this seems to be the most effective method, the theoretical risks
of the virus acquiring virulence in the intestines of those protected,
is preventing, or at least delaying, a full trial of this method.
This leads to a disapponting and h fusing state of
affairs, for use of the mactivated viruses as advocated by Salk
have proved to be more effecttve than most virologists expected,
with the result that this last method is to be the one that will be
widely used m the next year or two. Fatal accidents were
reported 1n the spring of 1955 from the use of ** mactwvated "
virus, but these dangers seem to have been largely removed, and
some mulhons of European and American children will be
noculated with imactivated viruses during 19356, For the
European programmes the Mahoney strain of type I virus (which
caused the accidents 11 U.S.A.) will not be used  With this and
other modifications the vaccines to be used mn Europe are now
thought to be safe, and the further trials have been approved
by the Assoctation Européene Contre la Poliomyelite at their meet-
ing m Zurich i October 1955

We seem therefore ta be on the way to conquenng polio-
myelts 1n its paralytic form, and all possible support should be
given to thase scientists who bear the heavy rcs_ponsxblhly of
advising their Governments, Hurrying screntists in a mattef. of
this sort 15 dangerous, and yet when a safe method of protection

136
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becomes known we are bound to make the vaccine available to
all at the earhest possible opportumity.

Even if paralytic pollomyelitis should disappear from medical
experience, the intenstve study of this disease will not have been
wasted, for the many lessons learned can be apphied to the study
of other diseases of the nervous system
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