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FOREWORD

Tt\s svtrages 1s neither the first nor the last word in the treatment of
poliomyelitrs The frontispiece suggests that poliomyelitis has been recog
mzed for as long as 3250 years Principles enunciated here reflect our own
expenence duning six years of almost exclusive attention to the manage
ment of acute and chronic pohomyelitis and are synthesized with the con
tnbutions of others who bave dealt with this pmblem

The matenal was prepared as a hing aid to d the many
inter related facets of modem poliomyelitis care which mdeed follow the
general p les of p medical t As a compen

drum 1t represents aspects of treatment which bave evolved from the co-
operative endeavors of the many medical disciphnes represented i a re
spiratory center The concise format 1s designed to emphasize the positive
and practical considerations m the care of the patient As a synthesis of
expenience m poliomyelitis care 1t necessanly reflects the local practices of
those brought together to-fulfill the broad needs of the patient These center
around expectant treatment as determuned by premomtory signs

Provision for the correction of major problems complicating the manage
ment of the severely 1ll patient promotes better overall care and reveals
similar problems m other patrents For this reason and the preventive 1m
portance of every aspect of earlv care considerable space has been devoted
to such conditions

Withm the fi k of the of thus phic disease 1t
should be possible also to discern general principles which are becoming an
umportant part of the entire field of restorative medicine It 1s hoped that
this will have some usefulness 1n gwding and encouraging that careful
mdividualization which 15 the constant requirement of medical practice

The edstor expresses sincere all who collab n the
of the syllabus and especially to Doctors Hebbel E Hof Rus.wﬂ ] Blattner ond
Horace L Hodes for invaluable guidance and encouragement Miss Laura Smith de
eres special acknouledgment in assisting the editor w collecting prepanng and
assembling the syllabus

WiLiam A Seencer M D
February 1 1956
Houston Texss
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EPIDEMIOLOGY OF POLIOMYELITIS

Potiomyelitls Potient

Heolthy Carnier or
Eliminates Virus in

Abottive Case

Droplets from Throat

~
Sewage*
lies
Foed
and Water > ptible Human
Virus has been 1solated

Poliomyehtis 15 an ancient disease with a world wade distnbution The
disease may be endemic or epidemic with greater incidence 1n the warm
summer months Multiple infection 1o famihes 1s not unusual There 1s ¢l
cal evidence of poho m more than one member of a family 1n 5 to 7 per cent
of the cases

e polomyehtis virus 15 an obligate intracellular parasite which has
been classified 1nto three mam types Brunhilde (I) Lansmg (II) and
Leon (I11) The virus has been demonstrated 1 nature m  (a) man—body
tissues mncluding blood (viremia) oropharyngeal washings stools (b)
sewage and (c) flies collected m nature
4 The reservorr of the virus 1 nature 15 probably 1n man ard the trans
mission 1s primanly via the mtestmal route

The particrpation of a humoral p h m mf with
pohiomyelitis virus has been nd d by the d 1on of viremma
mcereases in serum post mfection antibody levels and frequent occurrences
of antibodhes agamst one or more strawns of the virus mn the blood sera of
urban populations

Evaluation of field trals of active using, formaldehyd,
treated virus Type I IT and III (Salk) has indicated significant protective




4 TREATMENT OF ACUTF POLIOMYELITIS

effect ag nnst paralytic forms of mfection 1n the age groups studied ? Fur
thermore serological studies may be of considerable value m furmshing
wnformation as to the immunological status of vanous communities * In this

fashion 1t may be possible to define where and 1n whom vaccmation should
be carned out.



ULTIMATE DIAGNOSIS OF 1000 SUSPECTED
POLIOMYELITIS ADMISSIONS

SWERC
{T'tve-year Penod)
Number Per Cent

Non Poliomyeltis 151 15%
Non Paralytic Poliomyelitis® 258 26%
Paralytic Poliomyelitis 591 59%

Total 1000 100%

Diaguosis not changed on 1 year follow up

All who have had expertence thh mfections caused by the poliomyehbis
virus are aware of the many d 1n d the
disease These are greatly enhanced by pressures exerted on the physictan
by an apprehensive public However there 1s no wfallible method available
at the present tune for making a definite diagnosis of pokomyeltis dunng
the earhier phases of the mfecuon

steases most g pohomyehtis melude The varnous
phalitides and d fe cerebral and spimal
1. and ab 1} specific diseases of muscles

bones and jomts and acute emohona] d:sturb.’mces such as hystera

The hst of speaific diseases which can be confused with acute polio-
myelitis 18 long and vaned Nonetheless this protean disease has certan
clmical features which are suffi to ment empk




FINAL DIAGNOSIS OF NON POLIOMYELITIS

ADMISSIONS
TOTAL 151
78 CNS INFECTIONS 26 MISCELLANEQUS

27 encephalitis etiol not det INFECTIONS

6 mumps encephalitis 3 pneumoma

1 pertussis encephalitis 2 influenza

1 post vacemal encephalitis 2URI

1 herpes zoster encephabtis 2 yoseola

1 post rabies vaccinal encephalitis 3 otitis media
10 pyogeme menmngitis 1 tonsilitis

5lymphocytic chonomenmgitis
3 tuberculous menmgitis
Y herpes simplex menmngo
encephalitts
1 arachnorditis
4 cerebral abscess
1acute pyogenic cerebrtis
1 CNS syphilis
11nfectious neuromtis
3 Coxsackie virus imfection?
1 tetanus
16 OTHER CNS DISORDLRS
4 bram tumor
4 cerebral vascular acaident
1idiopathic epilepsy
1 mfantlle hermplegra
lacute cerebellar ataxia
2 acute meningo myelitis etiol
undet
1 spmal cord neoplasm
1 general muscular ngidity
1 post partum post L. P headache

1 smus infection
2 gastroententis
1 mfectious mononucieoss
9 mnfection etiol unknown
1 serum sickness

31 OTHER
2 rheumatoid arthntis
1 arthralgia
1 rheumatic fever
1 sprain Jumbar muscles
1 trauma Jeft arm
1 neuropathy
1 cervical adenopathy
1 tenosynovitis
2infantile scurvy
7 hystena
1 angroneurotic edema

12 not determmed

|

The above diagnoses were those made on patients admitted to the hos
pital follawmg outpatient n most st It 1s
apparent that many disease enbities mmic poliomyelitis so that careful
tistorseal and physical exammations are needed to identify polhomyehitys

hike disorders
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ULTIMATE DIAGNOSIS OF 1059 POLIOMYELITIS CASES

S$WPRC
(Five-year Penod)
No
Patients Per Cent
Non Paralytic 318 30
Paralytic 741 70
TOTAL POLIOMYELITIS 1059 100
Spnat Type 519 70
Bulbar 79 10
Bulbospimal 143 20
TOTAL FARALYTIC 741 100
Paralytic Poliomyehitis 741 100
Severe Poliomyelitis 279 37
Severe Poliomyelitis 279 100
Fatal Poltomyelitis 50 18
Including DOA s
The of d hitis patients with the pon paralytic

form of the disease varies fmm 30 to GO per cent Because of this compara
tive mortality figures are valueless 1f non paralytic patients are included
The actual incidence of non paralytic disease m a hospital expenence
depends upon varbility of the disease diagnostic cntena admussion
policy and thoroughness of the follow up evaluation The low meidence of
non paralytic disease 1n this e(amp]e 15 a result of admission screenmg and
of severely Ived patients m an acute treatment center
Severe disease 15 not necessanly synonymous with “bulbar pohomyehtis

if all of the conditions posing a sertous threat to Lfe are meluded
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DIAGNOSTIC CRITERIA FOR ACUTE POLIOMYELITIS

SUGGESTIVE

History of mild pharyngutis

Fever of moderate degree without coryza cough or diarthea

Headache (Especially sigmficant 1n children )

Vomiting

Malaise out of proportion to physical findings

Menmgismus stff and pamful neck and back nability to flex
spme which 1s “poker like ”

Head drops back when shoulders are Lifted

“Tripod  sitting posttion wflexible lumbar spwe mn mfants

Muscle pan and tenderness especially trunk and hamstrings
(not umlateral )

Reflexes obtamable occasionally hyperactive

CONFIRMATORY
Flaccid muscle paralysis often asymmetncal and regional with
1 of several les of the same segment

Absent tendon reflexes i the affected areas

Abnormal spnal flud cells more than 10 usually less than
500/cu mm polys early lymphs later Pandy posttive shght
to moderate mcrease wmn protem content normal sugar con
tent no bactena on smear and culture Spmnal flud pressure
may be normal or shghtly elevated

Absence of sensory disturbances except transient hyperesthesia

POSITIVE
Isolation of virus 1 the presence of the above
Increasing antibody titer dunng the course of the disease

A defimte program of t 15 md. d by the p of
pohiomyehtss as a probable diagnosis It 1s extremely important to ascertamn
the course of the disease by careful observation Detection of impairment
of wital body functions may determne survival

« ¢ Beware of exhausting the patient just for the purpose of elaborating the
d through d lumbar p vem punctures and extensive

g
cal examination
r 5,s¢;rmal cerebrospinal flud findings occur 1n less than 5 per cent of cases

enth other confimmatory evidence of poliomyeltis®




INITIAL MANAGEMENT

REST 1S OBLIGATORY!

Smct bed rest for a mimmum of two wecks
of pulse respirations and

blood pressure every four waking hours durng febrile phase
More frequent observations are mdicated by occurrence of
senous findings

Correct dehydration and maintamn flwd and electrolyte balance

Do not mask crucial signs and symptoms or depress protective
reflexes by sedation

Exhausting procedures such as repeated and detailed muscle
examination are conu:xmdlcalcd and may be harmful

Reserve antit and 7 agents for dary
mfection

Assist patient to assume comfortable and relaxed positions to re-
lieve back pain and general discomfort Change position at
least every two walung hours

Support weakened parts with tow ] rolls foam rubber pads and
protect bony prommnences with extra padding Avoid habitual
posttions Perform range of motion dunng daily bed baths

Position feet m high topped tenms shoes fixed to a plywood board
(Seepage 14 )

Mi, 0

pain Avod dental hing during rou
tne care and handle extremuties at the jomnts mstead of muscle
bellies

Most infectous diseases require bed rest duning the febnle and immedi
ate post febnle period Furthermore neuromuscular and central nervous
system disorders which result in muscular weakness appear to have the best
outcome 1f bed rest is mstituted as soon as posstble Achievement of sest
requues auentxon to emotional and soeial problems as well as physieal care

medical of the patient and his famly
aud m oy g social problems ansmg from disruption of the
family umt may be as important as phw, sical measures

It appears hkely that fangue asa resu]t of travel and physxcal exertion *
as well as resp yand may
the outlook for the acutely 1ll patient

¥



10
GENERAL CONSIDERATIONS IN THE ACUTE PHASE

MEASURES TO PRESERVE WELL-BI ING OF ALY PATIENTS

Stimulate and tain personal and mtell 1 activaty

Encourage family contacts by letter and telephone during 1so0la
tion and personal visits thereafter

Mamtain nutnition by adequate calonc ntake through an attrac
tive balanced diet

Keep skm clean and dry—daly bath scalp and oral care

Change body position frequently

Promote normal bowel and bladder function

There are no speaific therapeutic agents which will favorably alter the
course of motor neurone mvolvement Pharmacological agents such as
ACTH and cortisone on the other hand appear to enhance infection 1n
expermmental ammals® and therefore are contraindicated

The degree of muscular involvement and conditions such as dehydration
vomiting urmary bladder retention acute nutriionil disturbances severe
pam and tenderness zlter the medical program of management

Comprehensive care of the patient requires attention to small and large
cvents as well as detailed treatment which taken together determines the
outcome The patient bilized b of paralysis or 1its treatment
cannot tolerate the accumulation of apparently mmnor physical and psycho-
logical msults These wmsults which may occur from onset condition the
patient s acceptance and capability for optimal rehabihtation




IMMEDIATE POST ACUTE MANAGEMENT

INDIVIDUALIZE AND BALANCE REST AND PHYSICAL
ACTIVITY

Encourage periods of near normal body alignment within the
Limts of comfort Do not enforce strct anatomieal alignment
but work towards good alignment 18 hours a day

/ Use morst heat (hot packs) to pmnful areas of posiwonmng 15 ot
effective Do not pach patients with body temperature eleva
tions greater than 101° F (rectal)} Correct mncreased fluid and
electrolyte losses due to increased perspiration Packing more
than 20 mmutes and more than four times a day 15 rarely nec

essary

Forty eight hours after the patient 1s afebrile institute daily physi
cal therapy begmning with range of motion and gentle stretch
g Intensive physical therapy before this time 1s unnecessary
and may be harmful

Provide comfortable and easily applied splmts to sustamn proper
functional position of the hands FPlace wedge pillows under
aulla f shoulder girdle weakness 15 present

As tigh and to subside durnng treatment
and muscle balance 15 gamed progressive sithing and weight
bearing (tilt table standmng bed) programs are started

Increasing tightness weakness or imbalance may be an mdication
of premature and evcessive sitting and walking

Neither omission nor over emphasis of these factors 1s desirable Careful
attention and individuahzation to small details ehminates complications and
deformities which may require pamful corrective measures Neglect or
over treatment may produce irreversible trauma contractures and deform
ties which need not accompany the early results of the disease
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EARLY CARE OF PARALYTIC UPPER EXTREMITY

THIS NOT THIS
A

Change hand elbow and shoulder position frequently

Avoid constant position of hands on chest or at sides

Alternately supmate and pronate forearm

Mamtamn web space of thumb, and keep thumb m position of
opposttion

Mamtamn arch of palm and place hand 1 the functional position
of shght dorsi flexion and ulnar deviation of the wrst and
moderate flexion of the fingers

USEFUL TEMPORARY POSITIONING DEVICES
For the hand

Ace bandage or gauze roll Stochinet “glove” wath ball
bandage roll wad of paper
foam rubber etc 1 the palm

<3

Whnst corset or cock up splnt Ball wath finger nng

For the shoulder and arm triangular pillows may be used for
moderate shoulder abduction foam rubber doughnuts to pro
tect the olecranon process and a small inter scapular pillowy
prevents scapular abduction so charactenstic of prolonged

recumbency

e
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A useful hand 15 the key to fi 1 ind d Adequate range of
motion at the elbow and shoulder are necessary to place the hand mn a
posttion for function Even muumal muscle power salvaged n !hc upper
extremity can be put to fi 1use with the appl of
assistive devices if fixed deformities have been prevented

Daily range of motion and stretching should be instituted dunng the
post acute stage to mamtam and gam mobility the hand should be pro-
tectively positioned through the use of a simple comfortable contnvance
the arm should be d at freq ntervals to good
alignment.

Later 1n the post acute stage the mdividual needs are studied and more
permanent splints may be ordered Utilize temporary measures while wait
g for application of these permanent splints since this 15 the time when
long range patterns of controlled movement are bemng set ¢
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EARLY CARE OF PARALYTIC UPPER EXTREMITY

THIS NOT THIS
TN

Change hand elbow and shoulder position frequently

Avoid constant position of hands on chest or at sides

Alternately supmate and pronate forearm

Mamtain web space of thumb and keep thumb m position of
opposition

Maumntain arch of palm and place hand i the functional position
of shight dors: flewon and ulnar deviahion of the wrst and
moderate flexion of the fingers

USEFUL TEMPORARY POSITIONING DEVICES
For the hand

Ace bandage or gauze rol} Stockimet  glove” with ball
bandage roll wad of paper
foam rubber ete n the palm

e e
Wost corset or coch up splnt Ball with finger rng

For the shoulder and arm tmangular pillows may be used for
moderate shoulder abduction foam rubber doughnuts to pro
tect the olecranon process and a small mter scapular pillow

1or abd so ch of prol 1

p p P 8
recumbency
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?SIGNS AND SYMPTOMS OF SERIOUS POLIOMYELITIS

PROVOCATIVE CONDITIONS
Pregnancy
Physical exhaustion durng prodomal phase
Development of paralytic poliomyelitis 1 the adolescent and
young adult
SUGGESTIVE SIGNS
Rapid onset and progression of paralysis
Paralytic imolvement of the shoulder girdle
Involsement of any crantal nerve
“Toxic” appearance with flushed factes peroral pallor and con
junctival suffuston
Higher temperature elevation without marked diurnal vanation,
Tachy cardra
Moderate hypertension
Nystagmoid Jerky ocular movements on lateral gaze and fixa
tion (opsoclomsa)
Imtability restlessness fitful sleep apprehension progressing
o lethargy or severe anxiety and confusion
CONFIRMATORY
Respiratory muscle paralysis
Swallowing impamrment
Respiratory cirenlatory and other autonomuc regulatory dis
turbances
Pulmonary comphcations

of Senous poliomyelttis 15 not easy m the early stages of

infection An apparently muld illness may progress rapidly It 1s imperative
to observe continuously all poliomyelitis patients with any of the suggestive
signs and symptoms In no other way 1s 1t possible to anticipate serious
complications and treat them before irreversible detenoration has occurred

A lustory of unusual ph}sxcal exhaushon dunng the prodomal febnle
phase often preced; The
senious disease mn the adolescent and young  adult patient 15 twice as fre
quent as 1n the pre school child For this reason such patients with suspect
poliomyelitis should be observed m the hospital.

Do not confuse and obscure evaluation of patients with evidence of sen

ous illness by sedation which masks erucial symptoms or mhibits protectve
reflexes
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PROPER POSITIONING OF THE FEET
(TENNIS SHOES ON A BOARD)

High top tenms shoes nailed through the soles to a 3 ply board
(A) Shoes should be positioned on board according to pa
tient s normal foot position

If the plantar flexors are strong 1t may be necessary to place a
rght angle board distally from the heel (B) Later when the
patient begins sitting this may be changed proxmmally (C)

Infant and baby size tennss shoes are not avalable Use old hugh
top shoes 1f possible If new leather shoes are used observe
very carefully for pressure areas If these occur pad with mole
shan or cut a hole m the shoe

The patient should have a knee roll when m supme position

Thus type of foot support provides advantages over the conventional bed
foot board It 1s attached to the patient and he can change position and be
moved while stl) mamtamng good alignment This type of splint maintains
oot and lowes y sl by m g st g of the tnceps
surae and plantar faspa supporting weakness in the dors1 flexors of the
ankle and muumizing rotation at the hup It 1s inexpensive easily applied
comfortable and can be used from the onset of bed rest Durning the acute
stage patients wear them contmuously because they are comfortable De
formties ansing from lack of proper posiioning have not been observed
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SIGNS AND SYMPTOMS OF RESPIRATORY MUSCLE
PARALYSIS

EARLY RESPIRATORY MUSCLE INVOLVEMENT IS NOT
OBVIOUS

SUGGESTIVE

Involvement of the pectoral musculature especially the deltord
group

Increase 1n resprratory rate

Shallow resprrations

Decreased ability to protrude abdomen (dixphragm)

Dumnished elevation of thorax on deep breath and abdommal
splinting (ntercostals)

Decreased or unequal upper abdominal movement with “smiffing”
(daphragm)

Paradomcal abdomunal or thoracic movement on deep breathing

Inability to highten abdommal muscles on raising head.

Poor or absent cough (abdommal muscle paralysis}

CONFIRMATORY
Decreased or absent breath sounds on auscultation
F!uoroscoplc evidence of dxmmxshed or absent range of movement
of diaphragm and b lag tenting asym
metrzcal d 1
Decreasing vital capacxty which 15 below mimmum normal values
DECREASING RESPIRATORY MUSCLE ACTIVITY IS
THE INDICATION FOR RESPIRATORY ASSISTANCE

D and tment of cond, leading to resp
msufficiency are most useful i the chmcal management of the pauent
Most Liif results from resprratory muscle 2
ralysis However the degree of y which
compromuses the patients well bemg 15 extremely dificult to recognize On
the other hand, the provocative muscle paralysis may be readily detected
and ob]echvely measured Therefore the safe use of mechameal assistance
ud d by the cond: Jeading to dufficulty rather than the estima
tion of the adequacy of breathug
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OCCURRENCE OF CONDITIONS ENDANGERING LIFE
IN ACUTE POLIOMYELITIS

+

SWPRC
(Five Year Period)
%
Condition® Incidence® Patients

Total severely 1l patients 279 100
Respiratory muscle paralysis 198 71
Swallowing impairment 147 53
Disturbances of errculatory

and respiratory regulation 135 48
Pulmonary edema 12 4

* Combinations of these conditions 1n a swgle patient are not indicated in the above chart.

The occurrence of serous comphcations m 37 per cent of paralytic
patients 15 somewhat larger than the usual mcrdence of 20-30 per cent
because of selective admusston 1 a Respiratory Center Nevertheless the |
frequency of such conditions 1 the course of acute illness emphasizes the
importance of their detection and treatment for the preservation of life
This 15 a separate problem from the ultimate disability which may result
from the residual muscular paralysis

Resprratory muscle paralysts 15 the most common cause of respiratory
msufficiency Impairment of swallowing 1s next m frequency Prompt treat
ment of these two conditions accounts for the largest reduction 1n mortahty
In the majonty of instances proper treatment does not depend upon the
pathogenesis of these conditions mor the fact that msufficiency has less
precise physiol 1 than clmeal
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VITAL CAPACITY IN LITERS
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DECREASING VITAL CAPACITY IN ACUTE
POLIOMYELITIS
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Pabient 29 year old male estimated normal vital capacity 47 liters This figure {llustrates
the rapid and progressive dechne in vital capacity observed 1n the majnty of cooperative
pobiomyehns patients with resptratory muscle paralysis The actual vital capactty maneuver
was recorded with a closed circuit recording spirometer  with carbon diovide absorption and
is mdicated by arrows The individual spirometer records progress from nght to left

A successive increase m sp P y rate di with
more shallow depth of breathing 1s mdicated 1 the first and next to the
last records In the cooperative patient 7 years of age and older DECREAS

ING VITAL CAPACITY 1S THE BEST CLINICAL INDICATION FOR
RESPIRATORY ASSISTANCE

Collns Warren E Respirometer ™
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Artificial respiration 1s eventually necessary for 80 per eent of all patients
with respiratory muscle paralysis Why wait for profound asphyua te con
firm the presence of respiratary fasdure? There 1s no evidence that artifical
resprration mcreases respuatory muscle paralysis when otherwise 1t pro
mates rest by dimmishing the work of breathing

The alarming symptoms of asphyzia should not be blamed upon polio-
myehtis until effective ventilatory assistance proves to be madequate
Assistance should not be withheld to prove asphyva will occur
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VITAL CAPACITY IN LITERS

19
DECREASING VITAL CAPACITY IN ACUTE
POLIOMYELITIS
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Patient 29 year old male estimated normal vital capacity 47 liters This fgure illustrates
the rapid and progressive dechne in wital capacity observed in the majonty of cooperative
polomyelits patients with respiratory muscle paralysis The actual vital capacity maneuver
‘was recorded with a closed exwrcut recording spirometer  with carbon dioxide absorption and
15 indicated by arrows The individual spirometer records grogress from nght to Jeft.

A successive mCTease 1 spont: prratory rate dent with
more shallow depth of breathing 15 indicated n the first and next to the
last records In the cooperative patient 7 years of age and older DECREAS

ING VITAL CAPACITY IS THE BEST CLINICAL INDICATION FOR
RESPIRATORY ASSISTANCE

Collins Warren £ Respirometer ™
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INDICATIONS FOR TANK RESPIRATOR IN
RESPIRATORY MUSCLE PARALYSIS

ARTIFICIAL RESPIRATION IS URGENTLY INDICATED
BY DECREASED VITAL CAPACITY!

Adults 1500 - 1000 ml
Adolescents 1000~ 750 ml
Chuldren Iess than 500 ml

Vital capacity values may be obtaned with recordmg basal me
tabolism machmes (1f value 15 2500 ml or less) ventilaion
meters sprometers and vital capacity meters ©

Imtial measurements may be low because of poor cooperation
due to apprehension

Low values are determmed by companson with mmmal ob
served values (See Appendix.)

Physical exammation and fluoroscopy establish progressmg re
spiratory muscle paralysis m young children and infants who
cannot cooperate with vital capacity measurements

TANK RESPIRATOR IS THE DEVICE OF CHOICE!

The progressive declne of 2 masimum effort such as the vital capaaity 15
the most useful and objective smgle mndication for artificial respiration
Early use of the respirator promotes respiratory muscular rest since syn
chromzation of the patient s spontaneous efforts and then complete accept
ance of the respirator 1s easier to ach at this time

Furthermore early use of the resprator while the patient 1s cooperative
permuts hum to leam how to protect his arrway Introduction of artificial
respiration wihile there 15 still some voluntary breathing ability mummizes
the emergency nature of the apnea which may follow 1n the natural course
of the disease Simlarly withholding artficial respiration may lead to a
termupal state m which sts use 15 unmecessanly complicated or even
neffective

The tank respirator alone has the range of ventilatory effectiveness which
may be necessary mn severely ill patients Its rehability and simplicity are
particularly valuable when 1t 15 used for the totally apneic patient who
should not be subjected to any respiratory mterruption. Such patients can

* Bennett Ventilation Meter obtained from J J Monaghan Co Inc., Denver Colarado
Collins “Vitalometer™ or “Resplrometer from Warren E Collins Inc. Boston Massachusetts
Emerson Ventlation Meter from ] H Emerson Co., Cambridge, Massachusetts
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not tolerate under ventilattion Under ventilation may complicate the use
of auxtliary devices such as the cuirass respirator and roching bed because
they are less effective and are not switable for continuous artificial respira
uon m the imtial stages of treatment
of cuirass 15 duffcult The it and seal of the shell

are hard to mamtain and prolonged use may cause discomfort from chafing
of the skin On the other hand such devices especially the more efficrent
ones with shells covering the abdomen are useful for bnef penods of respite
from the tanh respirator Dunng these penods nursimg care mcluding linen
changes bed baths range of motion ete. may be carned out Smmlarly,
posttive pressure breathing attachments and positive pressure domes on the
tank can simphfy routine care

In some instances the roching bed may be mntmmdlcalcd and harmfu!
eg usemnthep of swall 1on
and congestive heart fallure In the latter case the increased mrd:ac venous
return produced by the motion of the bed may senously overload a faing
heart

Some types of mtermittent positive pressure breathing devices may be
fully as effective for puls y ) as the tank resg However
therr contmuous use requires ether a tracheotomy or an indswelling endo-
tracheal tube of large caliber through a tracheostomy Unless the patient
requures an artifictal airway for swallowing ump 1t seems my
to subject hum to a traumatic surgical procedure for artificial respiration
alone when the tank respirator will suffice




SIGNS OF RESPIRATORY INSUFFICIENCY

CAUSES OF INSUFFICIENCY

Decreasing respiratory muscle effort from paralysis
Ineffective resprratory muscle activity as a result of
Arway obstruction accompanying swallowing impairment
Shallow uregular respiration occasional gasps and apneic
periods observed in encephalitic patients
Voluntanly mhibited irregular and shallow respirations
which occur with untreated swallowing impairment

GENERAL SIGNS

Increasing respiratory rate or wregulanty

Decreasing respiratory depth or wrregulanty
Increasmg pulse rate

Poor tolerance to examunation and nursing procedures
Fatigue shght pallor

Sleeplessness and restlessness

O Ily shight to mod. 1 blood f
Flaring of nostnils

Breathlessness or dyspnea

Inability or disinclination to take a deep breath on a command
Shortened duration of speech weak cry

Use of y les ( untit late)

Imparred resprration 1s the most umportant disturbance 1n severe polio
myeliis It appears that “insufficiency” refers broadly to a senes of events
begmning with excessive and mefficient respiratory work, and ending with
a biochermeal compromise 1n which respiration does not satisfy the require
ments of vital tissues for oxygen uptake and carbon dioxide elimination
recogmized as asphywa The pomnt at which a condition such as respiratory
muscle paralysis produces msufficiency and then sufficiency progresses
to asphyxia 15not clear However clinical signs and symptoms which poorly
distingwish cause and effect are still useful if they anticipate serous events

Under ventilation from prolonged mhbited irregular and shallow resps
rations g ted swall g 1mp t should be cor
rected once a free airway has been assured Dyspnea 15 rarely observed
prior to aspiration and ebstruction It occurs only in the patient with intact
respuratory muscles Sumlarly under ventilation usually accompanies the
grossly yregular shallow waxing and waning breathing with apneic iter
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vals ch of L t due to any cause Irregular
15 not a contramd! for artificial but rather an

T
indication
In many instances correction of arway permts sp
respiration to become effective and mechantcal assistance 1s necessary only
if respiratory muscles are paralyzed or if asphyxra has already developed
Early elective artificial resprration benefits the patient It has not been
diffcult to discontinue in the few patients (such as those with encephalitie
and regulatory disturbances) who need 1t for several days to a week or in
those who do not develop 'y muscle paral

1

y



SIGNS OF ASPHYXIA

Crrcumoral pallor constricted pupils

Foor skin color and circulation (motthng of the skin)

Profuse sweating especially on the forehead

Deterioration of well bemg and responsiveness

Progressive restlessness ability to sleep Apprehension ulti
mately leading to 2 panic state

Confusion delmum

Marked dilation of nostnls often with frank dyspnea

Thready pulse occasionally hypertension followed by hypo
tension

LATE
Gasping respiration alternating with feeble respiratory move
ments and prolonged apnerc itervals
Appearance of facial components of breathmg twitching
around mouth
Intermttent cyanosis hallucinations pamic coma persistent
cyanosis death

Asphyxa should be regarded as a complete failure of the breathing
mechamsm The extent to which brochemical alterations of oxygen carbon
dioude and hydrogen 10n concentration are responsible for these signs 15
not known It 1s clear that biochemical equilibrium 1s mantamned for a sur
prising period m the face of progressive respiratory impairment and there
fore alterations of these chemical vanables must be considered to be
evidence of failure of respiration

From a physiological pomt of view the respiratory disturbances which
can result 1 asphywa mclude mechameal mefBciency of the respiratory
muscles muscle fatigue pulmonary under ventilation faulty distribution
of air within the lungs madequate or mmproper blood distribution to the
ventilated lung tissue and impediments to the diffusion of oxygen and car
bon diexide between the alveol and blood
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RULES FOR THE USE OF THE TANK RESPIRATOR

AVOID EMERGENCIES DUE TO EQUIPMENT FAILURES!
PROPER ORIENTATION
All physicians and nurses dealing with respirator patients should
p a tral of artificial resp m 2 tank.
All personnel should know how to operate and use respiratory
equipment
Practice hand operation
Practice placement of a normal subject 1n the respirator
PROPER USE
Before use always check operation of motor pressure and rate
adjustment and hand operation
Always hand pump while power failure 15 bemng corrected
{Tum off motor switch first )
Recogmze and correct common failures
Disconnection of power cord at wall ontlet and motor
Leaks around neck collar portholes and intravenous mlets
Blockage of suction and pressure inlets in tank by Linens
Belt slippage at slow eycling rates

“When considering the use of mechanical aids the patient s possible needs
must always be anticipated Every effort should be made to avexd enses and
emergencies Equipment should be kept in perfect working order at all
times It should be brought close to but out of sight of the patient for
whom 1ts use 15 being considered The Jocation of electrical outlets should
be known to the personnel mvolved Fuses plugs and extension wires
should be 1n good condition ™

After the respirator has been turned on and checked the carnage 1s
pulled out and the meck collar 15 opened fully by tighteming the collar
straps {Cloth straps may be used to retract the sponge rubber collar of the
tank is not equpped with leather straps ) The patient should be Lfted by
two people on the same side carefully supporting his head back, arms and
feet The lifters should first shde the patient toward themselves Then Lift
and roll lum agamst their chests thus bringing hus center of gravity closer
to theirs This balances the load and males the patient feel secure

Place the patient on his back on the tank carmage putting hus feet m first
Shde the patient through the neck opening with one person grasping the
bony prommences of the shoulders and the other grasping the bony prom:
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nences of the lups If the patient s head 15 large, tum to the side If neck
weakness 1s present a third person needs to recewe and control the head
Extend the head at the nech thus Jowenng the nose and clun The patent s
body should be placed as far forward as possible with the shoulders agamnst
the head end of the tank Adjust the head level Place an extra foam rubber
nechpiece (24 mches long 3 mches wide % mch thiel ) folded in a soft cloth
{0ld diaper) around the neck crossang on the upper sternum and loosen
collar straps stasting with the lower ones Before closing the carniage of
the respirator check to see that the patients extremties are safely placed
and that he 15 comfortable Check the gauge to see if the desired pressure
has been obtamed



SUPPORTIVE MEASURES FOR THE
RESPIRATOR PATIENT

GENERAL

Esery effort should be made to prepare the patient psychologt
cally for the acceptance of artificial respiration

A free arway must be assured or obtamed

Oral flnds and medications should not be permitted the first 48
to 72 hours 1n the febrle cnitical patient otherwise in the
first 12 to 24 hours

Gastne and 1 d and air swallowing may hmmt

e dhaph produced by artificial respira

tion Distention 1s effectively treated by prompt gastric in
tubation suction and the use of subcutaneous prostigmine *

Measures to msure comfort assume more importance 1 the
respirator pattent Discomfort from unnary bladder retention
shovld be avorded

Encourage the patient to swallow and talk dunng the expira
tory cycle of the respirator

The poliomyelitis patient with y difficulty s 1y appre
hensive and anzous “The physician must do everythung m his power to
allay these anxieties He should explain the objective of mechantcal therapy
stress 1ts beneficial effects 1ts temporary nature and usually successful out
come If patients are nearby who have come through a period of treatment
with mechanical aids these patients should be cited as examples Parents
should be acquainted wath the same factors and their assistance should be
employed if 1t 15 judged that their influence will be beneficial If 1t 15 posst
ble the aid of a psychatnst should be enhsted ”

The actual effectiveness of arhficial respiration may depend on the
patients cooperation For this reason psychological acceptance of the

12 of artificial respiration The patient
must be as comfortable as possible He must learn to set up new patterns of
¢ and glottic d for breathung swallowng and speech

The apneic pattent 1s less able to prevent aspiration of oral secretions or to
expel tracheobronchial secretions since he 1s unable to cough He must

Dosage of proshigmine subcutaneously 45 from 0.5 cc to 10 cc of a 1 1000 solution
depending upon the age This dose may be repeated once m 30 minutes no more often than
every 4 hou s Aft r removal of the tube 150 mgm by mouth every @ hours may be benefieial
1 the adult patient for & to 3 days
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nences of the hips If the patients head 1s large turn to the side If neck
weakness 1s present a third person needs to receive and control the head
Extend the head at the neck thus lowenng the nose and chin The patients
body should be placed as far forward as possible with the shoulders agamst
the head end of the tanh Adjust the head level Place an extra foam rubber
neckpiece (24 inches long 3 inches wide % 1nch thick ) folded 1m 2 soft cloth
(old diaper) around the nech crossing on the upper sternum and loosen
collar straps starting with the lower ones Before closing the carnage of
the respirator chech to see that the patients extremities are safely placed
and that he 1s comfortable Check the gauge to see if the desired pressure
has been obtamed



SUPPORTIVE MEASURES FOR THE
RESPIRATOR PATIENT

GENERAL

Every effort should be made to prepare the patient psycholog
cally for the P of artificial

A free airway must be assured or obtamed

Oral fluds and medications should not be permitted the first 48
to 72 hours 1n the febnle entical patient, otherwise 1 the
first 12 to 24 hours

Gastnie and 1 d and air ) may Lt
the d e duced by e ] respira
tion Distention 1s effectively treated by prompt gastne in
tubation suction and the use of subcutaneous prostigmime

Measures to insure comfort assume more mmportance 1n the
respirator patient. Discomfort from urmary bladder retention
should be avoided.

Encourage the patient to swallow and talk dunng the expira
tory cycle of the resprator

The poliomyelitss patient wath v dafficul dly appre-
hensive and anxious “The physician must do everythmg m his power to
allay these anxieties He should explain the objective of mechanical therapy
stress its benefical effects 1ts temporary nature and usually successful out
come If patients are nearby who have come through a penod of treatment
with mechanical ads these patients should be eited as examples Parents
should be acquamted with the same factors and therr assistance should be
employed 1f 1t 15 judged that therr ifluence will be beneficial If 1t 15 posst
ble the aid of a psychiatnst should be enlisted ”

The actual effectiveness of artificial respiration may depend on the
patient s moPerauan For thuis reason psychological acceptance of the
of artifiaal resprration, The patient
must be as comfomble as possihle He must leamn to set up new patterns of

llowing and glottic d for breath llowing and speech.
The apnexc patient 1s less able to prevent asprration of oral secreuons or to
expel tracheobronchial secretions smee he 15 unable to cough. He must

Dosage of proshgmin subcutanecusly is from 0.25 ce. to 1.0 cc of a 1 1000 solotion
g upon the age This dose may be repeated once 1 30 mimttes £o more often than

cvery 4 henrs Afte seemeral of the foba 130 e by maoth every 6 hoams may.te benchnd
m the adult patient for 2 to 3 days.
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depend upon reflex protection of the upper arway by swallowing accumu
lations of secretions and closure of the glotts to prevent aspiration This 1s
abolished when the patient 15 comatose or has any swallowing imparrment

The wnfant has especially poor reflex protection of the arway and chokes
easily
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INITIAL ADJUSTMENT OF THE RESPIRATOR

NEVER LEAVE PATIENT UNATTFNDED!
SUGGESTED SETTINGS FOR THE TANK RESPIRATOR

Agefyrs Rate/min Pressurefem L0
02 3040 -2
25 2435 -4
510 24 98 15
10-15 20 -15
Adult 1818 -14 to -18
SUCCESTED TIDAL VENTILATION IN THE TANK RESPIRATOR
Adults Rate Tedal Volume
Range Male Female
Large—200 Ibs 20 12 450-650 e 450-500 cc
Medum—~150Ibs 2012 400550 cc 300450 cc
Small—100 Ibs 2012 300450 cc 250350 ce.
Children
Targe—80 Ibs 2418 225.250 cc
Med um—50 Ibs 30 20 140 170 ec.
Small—35 Ibs 3295 100-110 cc

Appropnate minute volumes are mdicated by multiplying rate times
tidal volume
Tidal volume are extremely val
Individualization of resprrator settings
The avoidance of under ventilation and extreme hyperventu
lation

The detection of complications
DETYERIORATION OF THE PATIENTS GENERAL

CONDITION IS MOST OFTEN THE. RESULT OF
INADEQUATE PULMONARY VENTILATION

ble for

The values for suggested settings of rate and pressure ate cmpincal and
are useful as a starting pomt in individualization Most tank Tesprrators
have some positive pressure on expiration even with the positive” exbaust
valve fully open Patients usually find positive pressure on expirauon m
excess of 5 em of water uncomfortable

Individualization of resp settings espectally the pressure adjust
ment 15 greatly simplhfied by routine measurement of tidal ventilation
(amount of aur mspired with each cycle of the respurator) The values m
the table above have been selected to promote shght hyperventilation
which chmically seems to be necessary for most patients m the acute phase
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If tidal volumes are measured repeatedly at the same resprator pressure
setting and rate decxeasmg values may mdicate the development of airway
obstruction pul pheations such as atel and it
and circulatory oomplxcahons such as cardiac failure and pulmonary con
gestion

Consideration should be given to the patient with a tracheotomy since
the caliber of the artificial airway 1s less than the natural one An endotra
cheal arrway reduces tidal exchange approxlmately twenty five per cent at
the same pressure setting | of resist: to aurflow

The patient must never be left unattended at the beginning The secunty
which the patient feels when he has another person i the room with lim
who 15 trained m the operation of the respirator, allays his anxety and pro-
motes satisfactory artificial respiration




RATE AND PRESSURE ADJUSTMENT OF THE
RESPIRATOR

31

FACTORS IN RATE ADJUSTMINT

Rate 15 suk ly more than p for the syn
h ton of breathing with the respirator

At first duplicate the spontaneous rate
Assist the patient to synct b d or com

Yy

manding the patient to breathe 1 and then out

If the chosen rate 1s faster than the suggested range m the
table 1t should be decreased just to the pomnt 1t which the
patient begms to introduce spontaneous efforts as a supple-
ment to the respirator rate

H the patient 15 apneic or comatose use table value and consider
the body temperature smce rates of breathing are more
rapid during the febnle phase If the patient 15 afebnle the
slower rate 1s usually more applicable

Rapid rate appmumatmg spontaneous rate 1s essential for the
most eff with lar shallow breath

FACTORS IN PRESSURE REGULATION

Tidal ventilation should be proved adequate by measurement

Imtial pressure values should be altered by measurement and
the patient s general response when necessary

Pulmonary or | ions and trach re
quure higher pressures for adequate depth of breathmg

The factors used 1n rate and ady

are self expl.

However certan features should be pomted out It 1s desirable to let the
pahent determme the most acceptable rate setting of the apparatus and

quently ventilatory

should be used to determine appro-
prate ranges of tidal volume for the rate which 1s chosen and for the pres

sure which will produce 1t Minute volume of ventilation has not been
emphasized for the reason that suggested tidal volumes are paired with
rates which will correspond to those found desirable by most patients and

yet fall within the limits equal to or shghtly exceedng the needs of the

urcomplhicated patient

Proper rate and pressure adjustments are easter to obtam 1n the coapera
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tive patient who 1s introduced to artifical resprration while he stll has
spontaneous breathing ability

In the absence of ventilatory measurements a satisfactory adjustment can
be obtamed from the table rates and pressures and the development of

chnical evidence for satisfactory adjustment of ventdation as outhned on
the following page



EVIDENCE OF SATISFACTORY ADJUSTMENT
OF THE RESPIRATOR

Dusappearance of anxious facial expression restlessness and sleep-
Jessness The patient relaxes and dozes or sleeps

Improvement of the vital signs such as change of pulse rate and
blood pressure toward normal

General improvement 1 sensorum and feeling of well bemng

Acceptance of the rhythm of the respirator synchromzation of

p hing and then d of sp
effort with relaxed depend upon the
D of adeq pul y

The physician must steer a course between the senous danger of hypo
ventilation and the minor matter of hyperventilation Tidal volumes which
appear to be proper for the mdividual patient may shghtly exceed erther
table values or predicted values based on hormal metabohsm Errors
ventilation should oceur on the side of hyperventilation Nonetheless 1t 1s
usually possible to avoid extreme hyperventilation

,A sleeping patient presents a good opportumity to evaluate respirator

Excessive 1} may be p d to occur at the point
that glottic closure becomes audible dunng auscultation of amrway sounds
at the mouth if the resp 1 d

p b y

On the other hand gradual diminution of the negative pressure may cause
1) dilation of the nostnls 2) restlessness and 3) spontaneous respiratory
efforts when under ventilation occurs Between these two pomts there 1s
proper ventilation Such suggestions are of importance when artificial resp:
ration 15 mtroduced early

Color of the skin of the face and neck may be misleading since venous
obstruction of the neck veins by the collar produces cutancous arculatory
stasis suffusion and cyanosis Hyperentilation may also produce a Hushed
factes On the other hand the color and circulation of the ear which has
been vigorously rubbed and therefore artenahzed 1s useful n judging the
presence of stasis and cyanosis n the artertal blood Visible cyanosis occurs
only when there 1s 37 gms of d h lobin and therefore cya
noss 15 @ treacherous guide to adequate ventilation




COMPLICATING CONDITIONS
IN THE USE OF ARTIFICIAL RESPIRATION

I' THE PATIENT NEEDS ARTIFICIAL RESPIRATION

PREVENTIVE AND CORRECTIVE MEASURES MUST BE
CARRIED OUT SO THAT IT MAY BE SAFELY USED

Swallowing smparment merenses the Iikebhood of pulmonary
aspiration and arway ohstruction

Upper arway obstruchion occurs readily 1n the supme and coma
tose or sedated patient with relaxed tongue and eprglotiis

Poeumomtis and atelectasis oconr more readily i respurator pa
tients

Hypotension may be mtensified by a decresse m venous retum to
the heart duning the negative cycle of the tank respurator

Tracheotomy miroduces an mereased resstance to ventilation and
compheates nursing care

Increased wsensible body water loss may result from mereased
pulmonary ventdation and excessive pesspiation m the tank
patient

Impawed body heat exchange can develop from retardation of
skin evaporation and rwdhation mechamsms

—

‘These conditions are not contra mdications to artificial respiration Attt
ficial respiration s ndicated only for the prevention of respiratory msufi
ciency when the sp effort 15 madegs or tnpg If the patient
needs respiratory asaistance and impediments to its effectnve use are present
they must be corrected The patients condition should not be aggrasated
by artificial resprration Thus sf arway obstruction has developed #t must
be carrected for effective ventidation 1 the respssator

Artificial respiration does not duphicate normal breathung It can produce

Jequate pul y ventilation m the phicated sitnation Alterations
of distnbution of air 1n the lungs® and blood perfusion can occur and thus
may account for some of the differences

Atelectasis and p are spewal probl m the t of
the respirator patsent {See Prevention and Treatment of Pnlmonary Com
plications pages 61 and 62)

The resprrator dunng mspiration interferes wath the rstumlof venous
blood to the heart which 15 1 direct app to normal Such
arculatory effects may be dengerous in the hypotensnve patient or when

tabl 7 y resp are Jacking




LABORATORY GUIDES TO RESPIRATORY
MANAGEMENT

GENERALLY AVAILABLE
Determimnation of pulmonary ventilation and compartments
(See Appendix )
SPECIAL STUDIES
Artenal blood analysis
Ozxygen content and per cent hemoglobin saturation CO.
content and p CO
Ventilatory gas analysis
Expired alveolar” p CO: and pO
CO excretion and oxygen uptahe

The value of pul y latory 2nd vital capacity
detenminations has been clearly established

Special laboratory studies are not generally available and may be of
determmate therapeutic value In general chemical determinations do not
direct the care of the average respirator patient Artenal values alone unless
very abnormal are not particularly helpful In certam 1nstances senous
conditions such as artenal hypotemia or acidosis can be detected only by
arternal blood analyms In some severely 1l respirator patients artenal
hypoxema has been demonstrated in the presence of low carbon dioude
values which are Jered of hyperventilation® Thus
chemical studies may pomt out pected broch 1 drsturt and
assist in the evaluation of oxygen therapy and ventilatory adjustments

Prehmunary exammnation of artenal pH and carbon dioude content has
revealed alkalne pH values and low carbon dioude contents m acutely 1l
patients with and without resp 'y muscle paralysis ° 2 12 Fyrth
1t may be clinically advisable to provide mechanical respiratory assist
ance to patients who show ch 1 evid, of hyperve but
who are tired and need respuratory rest Carbon dioude retention has not
been a safe gwde to resp Yy m our ‘The reasons
have not been unequivocally established but some contributory conditions
have been recognized Severe apprehension and central regulatory disturb-
ances can produce hyperventilation excessive carbon dioude elimmation
and lowered p CO s may accompany the respiratory adjustment to high
oxygen demand hypochloremte alkalosis may occur alterations of renal
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electrolyte regulation have been demonstrated and other factors such as
tissue metabolism which mfluence blood gas and hydrogen jon composttion
may be disturbed In our expenence artersal carbon dioxide retention lead
mg to acidosis 15 usually associated with arrway obstruction pulmonary
compheations m the tesprratory patient and excessive unmded breathing
time 1n the convalescent patient with decreased vital capacity

It should be noted that venous blood determmations of pH and COz may
be t simee they do not directly reflect
respiratory functmn as does the arterial blood (See pages 63 and 64 )

Arterial oxygen saturation 1s preserved over a wide range of oxygen con
tent especially m the shghtly alkalme arterial blood charactenstic of the
respiratory patient Its determmation 1s of value only as an mdication of
complete farlure of respiratory function or as a sign of severe pulmonary
and cireulatory comphcations which impair oxygen uptake
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EARLY INDICATIONS AND TESTS OF
SWALLOWING IMPAIRMENT

TESTING THE PATIENT'S SWALLOWING WITH LIQUIDS
OR SOLIDS 1S DANGEROUS
The patient 15 the first to note and complan about swallowmg
difficulty
Frothy secretions accumulate 1n the pharynx.
A tongue blade readily provohes an meffective or incomplete gag
reflex or mcoordinate gaggng thh choking
of

Absent or nical the 1 pharyngeal
wall

NORMAL ABNORMAL

D DN

Absent or asymmetncal opposition of tonsillar pillars
Angle sign—lack of subglossal fullness and contour

NORMAL ABNORMAL

B7ARS U A
&
‘Weal or absent elevation and descent of hymd and thyroid carti
lage agamnst resistance of finger

Weakness of anterior neck muscles
3 swall

can 14
{with soluble bronchographic media)

Patient hacks spits and drools prefers to sif up and may be afraid
of recumbency

In most mstances s“a]]owmg dufficulty 15 a result of mvolvement of the
Xth nerve motor nucler § 15 objective cl Iy even
though swallowmng 1s a2 complex functwn which requires extensive bram
stem neuro regulatory activity and muscular coordination

Palatal paralysis has not been emphasized for several reasons (2) m
itself asymmetncal or absent movement of the soft palate and uvula pro-
duces nasal voice and nasal gitation not swallowing difficulty and
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(b) 1t may occur as an 1solated mdication of bramn stem mvolvement or be
associated with facial paralysis and no swallow g mmpairment or other ev1
dence of severe illness It remains only as an important sign of extension or
locahzation of the disease to the bram stem (bulbar poliomyelttis)

In any case of suspected swallowing difficulty no fluds or sohds should
be permutted by mouth
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IMMEDIATE MEASURES IN
THE TREATMENT OF IMPAIRED SWALLOWING

REMOVE SECRETION\S AND PREVENT THEIR
ACCUMULATION

Immedhately position the patient prone or side lymng

Raise the foot of the bed 10°

Use mtermittent suction with a smooth end multiple perforated
rubber catheter attached to the suction machmme through a
Y tube for finger control of suction whenever secretions
accumulate Suction pressure should be at least 5 mches of
mercury and no more than 15 inches of mercury *

Avod gagang choking and injury to the pharyngeal mucosa
from g or ugh p

Let the cooperative patient suction humself

Check effectiveness of suction repeatedly to determire how
often suction 1s actually necessary

ELIMINATE NEED TO SWALLOW

No oral feedings flurds or medications

Give parenteral fluds

Use small naso-gastrie indwelling polyethylene tube for dnp
feeding 1f patients course 1s uncomplicated even m the
febnle period

Check position of tube to avoid placement n the duodenum
M tr 1 d b; of large

&
volume feedings and excessive fat content.
Begn gavage feedings wath the pattent s shoulders higher than
the stomach to mimmze regurgitation

Most suction machine gauges are calib ated 1 mches of mercury aver a range from 0 25
Maxmum suction is usually obtamable only if the suction tube 15 completely obstructed since
the volume of ar movement of such systems is quite small and a leak (open catheter) quackly
reduces the suction pressure Motor operated devices are not swtable for contnuous suction,
and can be dangerous because hugh pressures will be developed when mucosal tissues block
the suctioning catheter and tissue trauma with hemorthage and avulsion may result Low suc
fion devices (thermotic pumps) producng 5-8 inches of mercury (100-150 mm Hg ) can be
used continuansly Water turbme types of central suction which do not exceed 8 inches of
mercury and can mamntam such pressures with a full leak {complet ly unblocked catheter)
ate sutabl for continuous suction 1f used with a multiple perforated catheter However dry
ing of mucosal surfaces and robbery of the mspiratory effort may occur wth the nse of such
contumous high vofame devices

An 1expensive laboratory suction faucet attachment, operated by water pressure, is also a
satisfactory aspwratng device but 1t 15 capable of high vacuum trawma. Intermttent aund
shllful suction by an attentive staff and patient appears to be
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The prevention of under ventilation and asphyxia 1s the objective of
treatment no matter what methods are employed These serous and fatal
complications appear to be a result of upper arway obstruction aspiration
lower arway obstruction and wregular shallow breathing efforts

The nutnitional handicap resulting from mability to swallow can be read
ily corrected through parenteral routes and by nasogastric tube feedng On
the other hand hability to other hazards of swallowmg 1s still present
because of the large volume of oropharyngeal and tracheobronchial secre-
tons Prevention of under ventilation and asphyxa challenges all of the
judgment skall, expenence and fulness of the phy
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EVIDENCE OF PROGRESSIVE SWALLOWING
IMPAIRMENT

THE INFANT AND YOUNG CHILD WITH SWALLOWING
IMPAIRMENT MAY ASPIRATE FATALLY AT ANY TIME
SPECIFIC SIGNS

I g prod of and 1l of secre-
tions i the oropharynx

Shallow, and often wrregular respirations which improve after
suction

Insprratory stndor 1f socal cord paralysis develops

Coarse rhonchi and roughness m the oral air stream detected
by auscultation of the mouth and neck with a bell type
stethoscope

Rusing pulse rate and blood pressure occur frequently but not
mvarably

Detenoration of general condiion Jack of concern over m
ability to swallow circumoral pallor sweating

LATE SIGNS

Choking and cyanotic episodes
Labored dysp:

and ol d breathing may
occur after asp Exhaustion a state of
ness or y muscle paralysis prevent the devel

of these signs of asprration
{ Signs of asphyna {See page 21 )

Prompt and tr of swallowmng difficulty 15 essential to
prevent a) upper amrway ob: b heobronchial and
lower airway ot ¢) upderventilation 1 from shallow m

hibited and uregular respiratory efforts and d) choling with glottic spasm
and prompt asphyvia and death Swallowing impairment 1s a senious devel
opment 10 the course of the disease because 1t may be accompaned by
fatal disturbances of bran stem control of respiration and circulation
Fluoroscopic evaluation of swallowing has been especially useful because
1t objectively d the swall g effort. This dure 1dentifies
the extent of i\ the degree of d and lete swallow
ng, and the presence of a hazard of Jaryngeal and tracheal asplrat\on early




42 TREATMENT OF ACUTE POLIOMYELITIS

n the course of swallowing difficulty Prior to any such test of swallowing
the pharynx should be carefully examined to determne if any accumulation
of secretions has occurred and if so they should be removed by careful
suctioning Then, one teaspoonful of a diluted water soluble bronchographte
medium such as Dionosil® 1s held i the patient s mouth and then swallowed
duning fluoroscopic exammnation Shght aspiration of the bronchographic
matenal does not seem to be harmful 1f 1t gccurs m the cooperative child
or young adult Otherwise no attempt should be made to test swallowmng
with other flmds Failure to remove secretions which may be present 1n the
throat however can produce a choking spell and lead to glottic spasm
Cholung and careless mampulation of the suction tube stunulates an 1
creased production of tracheobronchial mucous secretion

® Dionosdd s the brand name for propyliodone aqueous suspension from Glaxo Laboratones,
Lid. Greenford England Avadable from Picker X ray Corporation 25 South Broadway
White Plaims NY



INDICATIONS FOR IMMEDIATE TRACHEOTOMY
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TRACHLOTOMY IS NECESSARY
TO PERMIT EIFECTIVE ARTIFICIAL RESPIRATION
WHEN THERE IS

Any mpairment of swallowmg combmed with respuatory
muscle paralysts requnng artificial respiration

The need for artificial respiration m the disoniented confused
stuporous or comatose patient who has meffective reflex
protection of the upper arway The heawily sedated pa
tient requnog artificial respiration 1s particularly suscept
ble to sudden obstruction

TO PREVENT UNDERVENTILATION AND AIRWAY OB

STRUCTION WHEN THERE IS

Severe swallowing ympairment or when consenative meas
ures do not prevent accumulation of oral secretions 1n any
patient with swallowing dificulty

The everpresent hazard of aspiration during and after feeding
m the infant respirator patient

Rapid of swall g mp or Tesp y
msufficiency and i addition any evidence of central
respiratory and circulatory disturbances heralding fatal
disease

EVERY ASPHYXIATED PATIENT REQUIRES AN AIRWAY

TO PERMIT EFFECTIVE RESUSCITATION

The effective employment of a tracheotomy to preserve and protect the
anrway depends upon y Jud, Just as the 15 used

to prevent the devel of asph from failure of breath

P

tracheotomy 15 used to prevent choking asprration and airway obstruction
from failure of swallowmg Fewer patients with swallowsng impairment
alone require a tracheotomy than patients who have respiratory muscle
paralysis require a respirator ‘The decision regarding tracheotomy then 1s
more difficult and involves the determination of the hkelthood of arway
obstruction and underventilation n a gven patient Chmcal judgment
should take mto account a) the effectiveness of conservative treatment

b) the meffectiveness of protective reflexes and coughing to clear the throat
and remove tracheobronchial secretions ¢) the liability of treatment meth
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ods to produce exhaustion and fatigue with interference of sleep and rest,
and d) the overburdening of personnel and treatment facilities 1n the pur
suit of contmuous conservative management of several patients with swal
lowing difficulty Choking spells and cyanotic episodes mdicate that the
disease has been permutted to progress too far or treatment has been made
quate and tracheotomy has been delayed too long

In one period of study 47 out of 82 patients with swallowmng imparrment
due to paralysis of the pharyngeal constrictors required a tracheotomy
However 25 of these tracheotomized patients either had or developed re
spiratory msuffictency from respiratory muscle paralysis and also had to
have a tracheotomy to preserve the airway and permut effective artificral
respiration ** This situation demanded immediate tracheotomy

Not infrequently the hkehhood of progressive respiratory muscle paraly
s1s m association with swallowing dufficulty ean be antieipated Earler and
less hazardous tracheotomy can be elected before the use of artificial
respiration

Tracheotomy should be performed shillfully under local anaesthesia
high (usmg a vertical mdlne skin ineision at the first or second tracheal
ring) and with dispatch A high tracheotomy makes proper adjustment of
a respirator collar possible should arhificial respiration become necessary
In general tracheotomy should be performed only after an emergency
airway has been established by endotracheal intubation or bronchoscopy
This 1s extremely 1mportant for a safe tracheotomy m cluldren and oc
casionally 1n the adult patient who has been compromised by progression
of the disease to resprratory msufficiency aspiration or obstruction

Artficial respiration must be contirued 1n the resprrator patient during
the tracheotomy procedure An anesthesia bag mechanieal positive pressure
resuscitative device or a chest abdomen cuirass respirator may be used to
ventilate the patient Oxygen should also be admimstered durmg the proce
dure and should be adequately humdified Oxygen can be admimstered
durectly to the bronchoscope or endotracheal airway provided there 15 no
obstruction to the expiratory effort

A well traned team 1s essential for the safe employment of tracheotomy
m the usual epidemic situation It 15 helpful to have 2 pediatnician or
mtermst otolaryngologist and anaesthetist on this team as well as a shallful
nurse

—_—
See Appendix for suggested eqn t for trach and bronch
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ADVANTAGES AND DISADVANTAGES OF
TRACHEOTOMY

ADVANTAGES
Provides an airway bypassing the glottis
Ac(s as & barner to upper airway secretions

itates less repeated t k
DISADVANTAGES
It 15 an airway of smaller caliber than the trachea
Involves a t surgical procedure 1 an il patient with
bility of surgical pl. such as bleeding and

(rarely) pneumomediastmum

Acts as a foreign body and may potentiate mucous production
and increase likelthood of infection.

“The tracheal mucosa 1s exposed to drymg and conditions wluch
may mjure the cihary mechanism

The use of a trach d special probl such as (a) pro-
tection of tracheobronchial mucosa agamst drying and infection {b) need
for careful collar pesitioning mn the respu'ator patient to prevent mech:\mml
tracheal erosion (c¢) of 10n for d
caliber of the airway and decreased respuatory dead space and (d) ha

bility of addiction to the abnormal airway especially m younger children
and mfants

te | 1.6

and t control of the mspired air or
air oxygen mixtures must be attempted Dehlivery of the gas mixture to the
tube must not obstruct 1t and there should be no expiratory resistance An
open system for delwery of humdified air-otygen muxtures appears to be
the most effective and least dangerous Never place an oxygen delvery
tube 1nto the tracheal cannula (See pages 46 through 50 )

Skillful suctionmng should be performed only when necessary Prevent
obsh'uctxon of the mner cannula asa result of the accretion of secretions

1 and bronchral obstruction leading to atelectasis are

often a consequence of (a} partial obstruction of the cannula (b) made-
quate removal of accumulated secretions and (c) formation of thick visaid
secretions as a result of dehydration Any deterioration of the patients
condition demands prompt vestigation and elimmation of these contribu
tory conditions (See Nursing Care of the Tracheotomy page 87 )
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CAUSES OF HYPOXIA AND INDICATIONS FOR
OXYGEN THERAPY

OXYGFN ADMINISTRATION IS NEVER A SUBSTITUTE
FOR PULMONARY VENTILATION

Insufficient oxygen intake may result from

Underventilation 1 any patient

Improper adjustment of ventilation m respirator patients who
have
Increased oxygen utihzation from fever and mfection
Decreased distensibility of the lungs due to decreased elas

ticity or nereased resistance to ir mfow and outflow
Uneven pulmonary ventilation

Aol mm 11y Remte e
& %
2 yponachec v Repongt & brbamcrsn mpemion

Abnormal or sufficient pulmonary arculation as a result of
myocardial mnsufficiency and redistnbution of blood flow
unevenly venulated lungs or accompanying crculatory
faifure

An alveolar barrier to oxygen diffusion into the blood n pul
monary edema and diffuse poeumonitis

estrations used are from The Lung 1955 (page 57) bv Dr Julus H Comroe Jr et ol
nni!upubuxhtd by The Y:::’Book Publishers Tac. They are used with the permission of the
author and the publisher
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CAUSES OF HYPOXIA AND INDICATIONS FOR
OXYGEN THERAPY

Oxygen therapy 15 indicated
In respirator patients
When any siga of respiratory msuflictency or asphyxia devel
ops 1n spite of ventilation which equals or even shghtly
exceeds “predicted” values
When mummum predicted ventilation cannot be obtained by

any ady of resp p and rate This situa
tion usually md develop of serious pul Yy
and cireulatory complications

Whenever pul y or latory )i are de-
tected

In any patient when unavoidable or undetected underventila
tion leading to hypowa or oxygen debt 15 suspected climeally
from early signs of asphyma or demonstrated by high minute
otygen consumption (400 to 1000 cc per minute)

A vanety of cond make the poltomyehtis pahent particularly prone
to underventidation and uneven pulmonary ventlation Most of the condi
tions described above can oceur in the course of severe disease Tracheo-
bronchial obstruction pul 3 and it p are the
most frequent offenders after resp y muscle paral Another factor
which may be of great importance m thus situation 1s the tendency of arty
ficial respiration to promote oven entilation m some areas of the lung and
underventilation elsewhere ' Uneven ventilation may then be aggravated
dunng artifical when other p; tive conditions are present

In general artficsal lung ventilation which equals or shghtly exceeds

“normal” predicted values (based on undisturbed metabolism 1o healthy
mdivaduals) will meet the patient s oxy gen needs and elimnate the caxbon
dioxide accumulating from metabohc p Sumilarly ad

ventilation duning illness to meet the mcreased metabokie demand for oxy
gen occasioned by fever and nutntional disturbances usually will permut
normal oxygenation at levels which preserve the artenal carbon diomde
concentration m the normal range On the other hand underventilation
readdy produces both hypoxa and carbon dioxide retention
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CAUSES OF HYPOXIA AND INDICATIONS FOR
OXYGEN THERAPY

OXYGEN ADMINISTRATION IS NEVER A SUBSTITUTE
FOR PULMONARY VENTILATION
Insufficient oxygen intake may result from

Underventilation 1n any patient

Improper adjustment of ventlation m respirator patients who
have
Increased oxygen utilization from fever and infection
Decreased distensibihity of the lungs due to decreased elas

ticity or mcreased resistance to arr inflow and outflow
Uneven pulmonary ventilation

Rgon g @ty Ageotes  mn
cg% DJ%
Frponaen o Moo 5 ne oxermempamen

Abnormal or msufficient pulmonary errculation as a result of
myocardsal isufficiency and redistribution of blood flow
unevenly ventlated lungs or accompanymg circulatory
failure

An aheolar barner to oxygen diffusion mto the blood 1 pul
monary edema and diffuse pneumomtis

strations used are from The Lung 1955 (page 57) by Dr Julius H Comroe Ir ef ol
snsu:ubluhcd by The Year Book Publishers Inc. They are used with the asion of the
author and the publisher wi perm
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METHODS FOR THE ADMINISTRATION
OF HUMIDIFIED OXYGEN OR AIR

OPEN SYSTEMS for tract d or non trach d pa
tents
Use a small plastic oxygen tent or hood over the head and chest
of the bed patient or attached to the head end of the respr
rator 1f such 1s used Provide humdification with at least two
nebulizing or mist devices ® A close fit of the collar wath
mimmal inward leak 1s necessary with use of the respirator
SEMI CLOSED SYSTEMS for tracheotomized patients
Delver humidified oxygen from a humidifier through a large
bore connecting tube which acts as an mspiratory reservoir
Fit the connectng tube to a small breathing mask which
overltes and surrounds but does not touch the tracheotomy
tube Provide 2 one way expuratory valve and make sure the
hurmdifier 15 partially open so that inspiratory obstruction
cannot develop ** FIGURE A

FIGURE A

T Mosk Ben 111 tg 1
Sm 1 chid P
]

.‘9'

Semi-closed system for the non respirator
or respirator tracheotomized patent re-
quinng high oxygen concentrations
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The satisfactory state of affairs m which proper adjustment of ventilation
promotes adequate oxygen uptake and appropnate carbon dioxide elimma
tion may disappear with the development of complicating conditions such
as decreased distensibility of the Iungs, uneven ventilation and disturbances
of pulmonary cireulation Oxygen uptake may then be impeded to a greater
degree than carbon dioxide excretion and hypoxia may develop with great
rapidity Furthermore 1n some ly all resp P ts hypoua
indicated by artenial oxygen unsaturation has been observed at levels of
pulmonary ventlation which suggest hyperventilation since the artenal
carbon dioxide concentration 1s low and the artenal pH alkahne ** This
dissocration of respiratory oxygen and carbon dioxide regulation from the
metabolic demand for oxygen uptake and carbon dioxide elmmation may
be a direct result of uneven ventilation and faulty blood perfusion 1 the
lungs For such reasons the assessment of oxygen uptake and carbon dioxide
elimmation has not been sufficiently well elueidated to modify the general
and somewhat empirical mdications for oxygen therapy mdicated m the
box above In the absence of ventilatory and arterial gas and pH studies
the beneficial effect of oxygen therapy under the circumstances outhned 1s
sufficient indication for 1ts need

In several respects underventilation stands as a separate problem partic
ularly when 1t occurs during the course of spontaneous respiration Unfor
tunately oxygen therapy has been widely used as a panacea for msufficient
pulmonary aeration In some mstances the use of a higher concentration of
oxygen in the mspired air may actually further depress spontaneous breath
mg so that carbon dioude retention results and respiratory acidosis 15
allowed to develop ®

Underventilation presents the same hazards 1n the resprator patient as
m the non respirator patient and this condition must be corrected wmme
duately since 1t 15 poorly tolerated by the patient

The ordinary basal metabolism machine or any closed errcuit sprrometer
contamnng 100% oxygen may pomt up the need for therapy in the complt
cated situation Any demonstration of very high minute oxygen consump
tions (400 1000 cc per mnute) s sunple and presumptive evidence of
erther creased oxygen demand or oxygen debt These conditions will
reveal themselves only if severe undervenhlation has not occurred since
very shallow respiratory efforts may not permt the necessary alveolar ven

tilation required for oxygen uptake At the very least such measurements
may estabhsh unsuspected underventilation and therefore are quite useful
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METHODS FOR THE ADMINISTRATION
OF HUMIDIFIED OXYGEN OR AIR

OPEN SYSTEMS for trach d or non trach d pa
tients
Use a small plastic oxygen tent or hood over the head and chest
of the bed patient or attached to the head end of the resp:
rator if such 1s used Provide humidification wath at Jeast two
nebulizing or mst devices * A close fit of the collar with
mmimal mward leak 1s necessary with use of the respirator
SEMI CLOSED SYSTEMS for tracheotomized patients
Dehver humdified oxygen from a hurmdifier through a large
bore connecting tube which acts as an inspiratory reservoir
Fit the connectmg tube to a small breathing mask which
overlies and surrounds but daes not touch the tracheotomy
tube Provide a one way exptratory valve and make sure the
hunudifier 15 partially open so that wmspiatory obstruction
cannot develop ** FIGURE A

FIGURE A FIGURE B

On Woy
Expiato y V_tve.
e, 4
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Smurchidp 1 e

Semi-closed system for the non respuator
or respirator tracheotomized patent re
qumnng high oxygen concentrations

Humigitier



METHODS FOR THE ADMINISTRATION
OF HUMIDIFIED OXYGEN OR AIR

Utilize a curved delivery tube and collar retractor with a swiv
eled must outlet directly over the tracheotomy tube mn tank
resprrator patients ©° Attempt to fit the swavel outlet as close
to the tracheotomy mlet as possible without directly attach
mg 1t to the tube FIGURE B

CLOSED SYSTEMS are particularly useful in very entical pa
tients for brief periods m which a high oxygen concentration
must be delivered with Jarge mspiratory pressures Closed sys
tems utihze supplemental positive pressure breathing equip
ment with demand delivery on msprration through a mask or
tracheotomy to which a humidification or nebulization device
1s attached °*° Some nsk of tracheal and bronchial irmtation
from drying and Ingh oxygen concentration must be taken

Duning the acute and cnitical stages of severe disease humidification 15
essential with a tracheotomy Later on m convalescence this 1s less impor
tant except m dry chmates In this situation simple room humdification
may be practical **°*
Any time oxygen 1s deemed unnecessary compressed air in cyhnders or
from spectal motor driven compressors may be used to operate humidifying
equipment

Nebulizing and foggng devices are available from the following manufacturers
1 NCG Microfier is manufactured and made available by The National Cylinder
Cas Company 840 N Michigan Avenue Chicago Ilinois (Regional offices 1n
prmeipal cities )
2 NCG Open Top Humidity Tent for use on respirator Same source as above
3 MistO Gen Humdifer avalable from Mist O Gen Equpment Dwvision 27
Adeline Street Oakland 7 Califorma
4 Croupette Tent (special tent with tuo nebulizers) avalable from Awr Shields
Inc Hathoro Penna
Special humidifiers for closed or semi-closed operation as described above
1 Mistafog Hurudifier and Retracto Tube for tank respirator available from the
John Bunn Corporation 163 Ashland Avenue Buffalo 2 New York
2 Emerson Tracheotomy Humd Ser available from the ] H Emerson Company
22 Cottage Park Avenue Cambridge 40 Mass
» For positive pressure respirators and equipment See page 80 footnote
‘Walton Room Humdifier avatlable from Walton Laboratories Inc Irvington New

Jersey




SIGNS OF CENTRAL DISTURBANCE OF
RESPIRATORY REGULATION

¥ i prd—shallos d
Occasnonal deep breaths followed by apnexc tervals
Clustering of respiratory effort or frank Cheyne Stokes wauing and
wamng patterns
Frequently observed i the patient with either
“Polto encephalitis ~disturbances n state of
USUALLY consciousness—wvoluptary motor activity
NOT FATAL with twitches—muscular jerhs—reflex hyper
imntabibty and abnormal reflexes—potentt
ated during restless sleep
Severe bulbar poliomyelitis—heralded by swal
lowing mmpaiment Fatal circulatory and
cardio regulatory disturbances may oceur
OFTEN FATAL concomitantly (In bulbo spinal polio exten
stve muscle paralysis may preclud;
of Xespxmtory lrtegulamy) There may be
sialorthea gastnic dilatation 1leus gastrie
ulceration and hemorrhage

Central respiratory irregulanty n the course of pohomyelttis can be m
dicative of a number of conditions Sumlar patterns of abnormal breathing
may be the end result of broch 2s well as log:
turbances of the central Jatory hamism The )] disturb:
may be only transitory or wrreversible if extenswve viral destruction of the
bramn stem has occusrred This may account m part for the spontaneous
recovery of normal breathing in some patients or fatal outcome because of
associated and parallel latory and t m others
This attractive hypothesis for the vaned respuatory and curculatory dis
turbances 1n human bulbar poliomyehtis 15 suggested by analysis of the
regulatory function of the bram stem by means of e'(penmental ablauon
strmulation of discrete areas and pk
ammals Fortunately they are the least common comphcatmns of the
severe form of the disease
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TREATMENT OF CENTRAL DISTURBANCES OF
RESPIRATORY REGULATION

No treatment 1s necessary for mild mregulanty which 1s easly
replaced by voluntary commands to breathe regularly This
condition may disappear spontaneously

If wrregulanty persists and unfavorable changes m vital signs de
velop ventilatory measurements will usually venfy madequate
ventilation hence use

Artificial respiration with a tracheotomy
Humdified oxygen therapy
Sedation with barbiturates or chloral hydrate prescnibing
mmmal dosage for age of patient
(Artificial respirahion may be necessary for several days to a
week followed by spontaneous recovery )

In association with circulatory and other autonomic disorders
the prognosis 1s poor and the failing heart and errculation must
be sustamed by pharmacologic measures such as admmlstrahon
of nor P phrine 1t ly and d prep
par lly (See Circulatory and Other Cond Req!

Immediate Treatment }

In the ertically 2ll patient adequate pulmonary ventlation may be
achieved only with artifical resp O} phy nadequate
crreulation and severe metabolic and biochemical disturbances may contnib
ute to the poor condition of the patient Correction of conditions such as
asphyua preservation of blood pressure and maintenance of fluid and elec-
trolyte balance are mportant supportive measures 1n the desperate situd
tion although frequently they will not be effective enough to prevent death
due to profound hypotension cardiac failure or arrest pulmonary edema
massive gastro intestinal hemorrhage renal faifure et

In the absence of cardiovascular and other autonomic disturbances sert
ous threat to hfe may not develop and an excellent recovery may be

observed
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CADIOVASCULAR AND AUTONOMIC ABNORMALITIES
OF MAJOR IMPORTANCE

SEVERL HYPERTENSION {200 mm Hg—Adult.
$1STOLIC PRESSURE MORE THAN (160 mm Hg—Child
Pulse pressure 1s vanable from ugh to low
BRADYCARDIA
Usually of brief duration
HYPERTHERMIA AND SEVERE CUTANEOUS
VASOCONSTRICTION

Body temperature m excess of 106° F may occur with cold
mottled and pale skin which 15 clammy to the touch Skin
arculation 1s sluggish and color cyanotic

SEVERE HYPOTENSION $0mm Hg —Febnle Adult
SYSTOLIC PRESSURE LESS THAN{SO mm Hg —Febnle Child.
EXTREME TACHYCARDIA LEADING [180/mimn —Adult
TO OUTPUT FAILURE—PULSE OVER {ZIO/mm —Child
VENTRICULAR PREMATURE BEATS

Especially m a senes

PULMONARY CO\GESTION AND EDEMA
Suggested by x ray signs of marked increase i hilar and lung
marlungs and by ct istic QRS vector clock dis
placement and hugh peaked P waves with nght axis deviation
of P vector Edema produces acute respiratory distress and
abundant frothy blood tinged secretions
MYOCARDIAL FAILURE AND MIOCARDITIS

Soft and poor heart sounds with progressive enlargement
ECG alterations

EMBRYOCARDIA

(170 180) fast unmodifiable and regular heart rate which 1s
usnally termimal

SEVERE GASTROINTESTINAL DISTENSION—ILEUS
L Hemorrhage ulceration mn stomach and small intestines per

foration
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Fatal bulbar poliomyehtis 15 often associated with progressive elevation
of body temperature to imtolerable levels circulatory disturbances such as
hypertension and bradycardia followed by tachycardia and fatal hypoten
sion or pulmonary edema Often swallowmg impairment heralds such bram
stem or “bulbar disease The various disturbances are mtermimgled and
each can lead to a vicious circle of failure of respiration circulation and
profound metabolic deringements of body cells n the agonal stage Ciren
latory and respiratory treatment measures should be employed even though
the course of the disease may not be altered

These signs and symptoms may be produced by a varety of conditions
virus mvasion with mvolvement of the hypothalmus and the entire bram
stem especially the reticular substance !* altered brain stem function as a
result of nervous or chemcal disturbances cellular changes 1 chemical
equilibria of oxygen carbon dioxide and hydrogen 10n concentration spe
afic damage to the cardiac muscles ete Over compensatory or harmful
body responses resulting from the stress of disease or treatment proce
dures may complicate the situation It 1s usually not possible to separate
causes It 15 more important to prevent or elimmnate conditions such as
asphyxia which may produce failure of eirculation and resprration
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CIRCULATORY AND OTHER CONDITIONS
REQUIRING IMMEDIATE TREATMENT

HYPERTHERMIA Vigorous cooling of the body should be attempted to
prevent elevation of the body temperature. to levels exceeding 104° (rectal)
High body temperatures 1 pohomyehitis patients are usually accompanied
by cool mottled skin which suggests decreased skin crculation and de
creased heat loss Measures should be used which wall increase the heat loss
from the body through dilation and d sweating
Alternate applications of warm and cool wet sheets to the entire body may
be useful if there 1s 2 good circulation of air over the patient Chilling
applications such as aleohol and ice appear to produce extreme vaso
constnietion and actually impede heat loss unless 1ce packing 1s used long
enough to induce hypothermia Brushing of the skin with a surgical serub
brush improves skin cireulation

The use of 57 alcohol sol m 5% d ntr: ly seems to be
a valuable adjunct Rarely more than 200 cc to 1000 cc. of such solutions
are necessary i any 12 hour period
Aspirm has not been especially valuable i the of extreme
hyperthermia The duration of the action of aspinn 1s very short and un
certamn so that its effectnveness 1s hruted It may mask the progressively
levated body observed n ad g central mvol

HYPERTENSION Systolic blood pressure levels exceeding 200 mm of
mercury m the adult and 160 mm of mercury in the chuld may respond to
the parenteral admmustration of Serpasil® The maxmum dosage 15 80 125
merograms per hilogram of body welght per 24 hours One fourth 1s admm

1stered as a stat dose erther int ly or intr ly for rapid effect
(30 to 120 mmnutes) This dosage may be repeated once m 2 hours if
needed Proper resp 15 usually ind d by d g blood pressure

marked flushing of the skin and a red suffusion of the face and conpunctiva
The remainder of the 24 hour dose 15 given 1n 6 to 8 hours and 1t 1s rarely
needed for more than 24 hours Hypertenston 15 usually a transitory condi
tion followed by hyp and often precedes or nd the develop
ment of asphyxa or extenston of the disease process to the bram stem For
this reason a hypotensive drug 15 used which will not block the patients
Tesponse to vaso pressors should their use become necessary Ganghonie
blocking agents such as the hydralazme denvahves and hevamethonium
chlonde ds are theref d d m the of

p
this vanety of acute hypertension If hypertension persists 1t should be
treated to prevent encephalopathy and cardiac farlure

® Serpasil fs the proprietary name of an extract of Rauwolfia serpentma (injectable solution)
made availatle by Cipa Fharm contical Produsee Tne. Suet a2 (ivectsble
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HYPOTENSION AND CIRCULATORY FAILURL This condition 18
usually effectively corrected with the contmuous dnp mtravenous admms
tration of a solution contamming 4 mgm of Levofed? to 1000 cc of 5 or 10
per cent invert sugar in water The rate of admimistration 1s entirely depend
ent upon the response of the blood pressure which must be measured at
frequent tervals (5 to 10 minutes) at first and later at 30 minute mtervals
after a proper rate has been established In some mstances the use of
Levofed may be necessary for several days or even several weeks The use
15 tapered off gradually by alternating periods of several hours without the
drug Hypotension must be corrected immednately 1o order to preserve vital
central nervous system function and renal activity Great care should be
exercised to prevent extravasation of the vaso pressor solution smee necrosis
of tissues may result In general such enitically 1ll patients who require
vaso pressors to sustamn blood pressure should have 1 vene section (cut
down) with either an mdwelling polyethylene plastic catheter or a cut
down cannula n place since fmd ad ration and regul must be
continuous and accurate The hyp rccomg the latory
effect of artificial respiration m patients with faulty eirculatory regulation
may be effectively treated with Levofed Pressure adjustments of the res
pirator by alterng negative msprratory pressure and positive expiratory
pressure to equal values such as ~10 cm to +10 em of water may be useful
The lowest negative pressure should be used which achieves mmmum safe
ventilation as mdicated on page 29 to mmmmze the circulatory effect of
the respirator

CARDIOREGULATORY DISTURBANCES Bradycardia is the most
dramatic regulatory disturbance and 1s often only a transitory and self
Limited episode For this reason drug treatment 1s usually unnecessary
However if bradycardia 1s associated with other evidence of excessive
parasympathetic activity such as gastro intestinal bleeding Banthine® may
be useful This 15 the most effective parasympathetic blocking agent for
this condition A stat dose of Banthme 1s admmustered mtravenously m 2
dosage of 5to 10 mgm  slowly mjected Parenteral Banthmne solution should
pot exceed a concentration of 5 mgm per cc The perspheral and apical
pulse should be observed during its ad ation The p 1 dose
can be repeated in 30 mmutes 1f the bradycardia rhythm does not revert
With the development of gastro mtestnal bleeding gstric mtubation 15
advisable and Banthine may be given through the gastne tube m an oral
dose of 25 to 50 mgm every 6 hours for 48 to 72 hours Atropme 1s contra
indicated and tends to thicken secretions

ble soh ) made avail
ed 15 the proprietary name of levarterenol bitartrate (imectable solution) made av:
et f e anpaues by Wintbrop Stearns Inc New York 18 NY

® Bagthine 15 the Proprietary name of methanthelne browde fo 50 mgm ampoules made
avatlable by Seasle Chicago Tihnows
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Gastro-ntestinal bleeding may be and blood repl t neces
sary if the hemoglobm and hematocnt values indcate blood loss Rapid
thready pulse thurst and ashen gray shock may be observed mth eﬂenswe
blood loss IF this situation occurs d In
general transfusion 1s necessary only for blood loss m :mute pohiomyelitis
and 1ts use should be avoided in the management of hypotension of central
ongm which responds 50 well to vaso-pressors Circulatory over loading
cardiac failure and pulmonary edema are aggravated by transfusion

ASPHYXIA The asphyxated patient may present bradycardra and hyper
tension at first followed by hypotension m 2 few hours The treatment 15
1dentical to that recommended before but adequate pulmonary ventilation

must be established appears to hypox
ema and the as'ph)'!xa‘ state and must be con'ected Ephederne sulfate
appears to be beneficial when ad, ly or

larly m a dosage of 50 to 25 mgm depending on the age In a desperate
situation the cautious use of ammophyllne {1 gm to 5 gm 1 5 to 50 cc
of 50% glucose solution) intravenously may be helpful Mamtenance doses
of parenteral ephednne every 4 to 6 hours may be necessary for 24 to 48
hours The oxygen content of the mspired air should be at Jeast 40% and
the use of an intermittent positive pressure device to admumster oxygen
ether alone or m r0n with the tank may be Lfe saving

MYOCARDIAL INSUFFICIENCY AND MYOCARDITIS Impairment
of cardac function occurs freq 1 severe pohomyeliis The patho-
genesis of these conditions may not be clear because so many contributory
events accompany severe disease Thus central nervous system cardio-

regulatory disturbances d defects bolic disturb and
h 1 cond all emb d ‘funchon The myocardxum
may suffer from bolic d such as h YD
1 3 hy

cemta and hyp or small pulse pressures
Actual viral mvasxon of myocardxa.l tlssue has been demonstrated but the
of this d has not been clearly establshed
Valuable mdicators of dxstuxbed cardiac function are the quality of the
heart sounds and the electrocardiogram esther empincally or as registra
‘ons of regulatory and conduction disturbances Even though the ECG 15
meapable of identifymg conditions which produce common electrical effects
such as prolonged Q-T tme flattening or mversion of the T wave pro-
nounced clockwise QRS vector shifts and marked separation of the QRS
and T vectors still 1t 1s the most direct mdxcator for determinmg the need
for digital and the to d
These conditions are best treated wnth digatahs preparations A punfied
digitalis p for p 15 preferred and conven
nonal dosage should be employed with caution since some poliomyelihs
patients with myocardial involvement appear to be sensiive to digitals
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action Dosage for digitalization 1s usually from 025 mgm to 010 mgm.
(10 to 25 mcrograms) per kilogram of body weight depending on the
age The ugher dosages are used m children and the smaller dosages m
adults A test for hypersensitivity to digitahs effect can be carried out by
admimstening one tenth of the total digitalizing dose int larly and
performing an electrocardiogram 1 4 to 6 hours Hypersensitivity 1s often
mdzcated by the development of escape beats or conduction disturbances
1f these conditions are not detected after the test dose or they have occurred
prior to the admimstration of digitalis one half of the total dose may then

be ad ed mnt larly and the der n divided doses at 6 to
8 hour ntervals Check for digitalis effect by electrocardiograplie exammna
tion between each dose A d m tachycardia may be dered a

favorable early effect The quality of the heart sounds may also be noted to
mprove Mamtenance doses appear to be within the range of 5 to 10 per
cent of the total digitalizing dose and are rarely necessary for longer than
7 to 14 days As digitalis 15 usually utihzed as an anticipatory measore
mtravenous admimstration has not been necessary In the presence of
markedly elevated body temperature a favorable digitakis effect may requure
larger doses than suggested here but not m excess of one and one half tmes
the 1 ded full digitabizing dose

It 1s also mportant to avord rapid administration and large volumes of
mtravenous flmds Continuous admmstration of flmds at mmmal rates s
best

PULMONARY EDEMA This condition has been uncommon Avoiding
the use of plasma plasma expanders and whole blood may be important
factors 11 mmimzing pulmenary edema If pulmonary edema occurs the
contributory cardiac failure may be ind d 1n the electr d. wil
the evolution of high peaked P waves m the standard limb leads and the
development of nght heart ans deviation or clockwise QRS vector shifts
Dunng an episode of pul y edema pul v ventilation 15 acutely
disturbed and intermittent positive pressure breathing with some expiratory
resistance may be helpful The slow intravenous admmstration of ammo-
phylhne m a dosage range of 1 gm to 5 gm m 5 to 50 cc of 50% glucose
solution may be of value when combined with effective ventilation and
mamtenance of blood pressure Heroic treatment may be completely

effective




CARDIOVASCULAR ABNORMALITIES OF
MINOR SIGNIFICANCE

Arthythmias pronounced sinus arthythmia  wandenng pace-
maker

Moderate tachycardia rate less than 150 /min m adults 180/mm
10 children

Moderate hypertension systolic and diastohc

Paroxysmal supra ventricular tachycardia of bnef duration

ECG abnormalities due to cardiac displacement (abnormal QRS
vector i frontal projection elevated ST segment deep Q
waves Si Sz S pattern etc )

Rught bundle branch block.

These should be recognized pnmarnly because no treatment 1s indicated
In addition such findings do not sigmify 2 serious prognosis In a number
of cases ECG alterations and circulatory findings are suggestive of the type
of body stress occasioned by severe illness and are therefore probably not
specific Prolonged Q T time and shortened P R mtervals are good examples



SIGNS AND SYMPTOMS OF PULMONARY
COMPLICATIONS

TRACHEOBRONCHIAL ASPIRATION, ATELECTASIS
AND PNEUMONITIS

Deterioration of condition such as poor color, loss of appetite
change 1n mental outlook

Recrudescence of shght fever, frequently polymorphonuclear
leukocytosis

Change m wital signs crease m pulse rate 1ncrease mn blood
pressure poor penpheral circulation These may be signs of
madequate ventilation also

Complant of something m the throat

Detection of accumulated secretions 1n the throat (Auscultation
with a bell stethoscope )

Auscultation of a double exprratory sound with a midpause or
chick 1s noted frequently with atel or tracheobronchual
obstruction Marked diminution m volume of outflow

Reduction 1n tidal volume at Ingh nspiratory pressures This re
flects a change m the mechanical properties of the lung such as
decreased elasticity or increased resistance to air flow

Radiographic changes m lung fields

Aspiration of purulent tracheobronchial secretions

I

In some frank evid of tracheobronchial aspiration or atelec-
tasis may be present shift of mediastmum displacement of the pomt of
maxmum cardiac mpulse and other findings suggestive of collapse of 2
lobe These findings are not umformly present especially in the respirator
patient Pulmonary complications may occur with surprisingly few clinzeal
signs and symptoms so should be anticipated as a common cause of detert
oration of the patient s condition or of unexplamed fever
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PREVENTIVE MEASURES

Prevent bronchual aspiration of secretions by careful oral and
tracheal suction wh

Frequent change of posiion Avoid prolonged head down pos:
tion Alternate the tume in the head down and honzontal
positions

Insure adequate humidification of inspired arr

Attempt to preserve muco cihary mechanism Prevent tracheal
drying and crusting Change tracheotomy tube q 2 days dunng
the acute phase Less often during convalescence

Immediately use artificial cough maneuvers wath the vacuum
cleaner or the manually assisted cough wath any complaimnt of
ability to clear throat or evidence of accumulation of secre-
tions (See Appendix }

Use intermuttent deep breath intermittent abdommnal splinting to
promote thoracic expansion

Obtam serial smears and cultures for determnation of predom
nant organisms 1n tracheobronchial tree

are ly important Nevertheless the respua
tory poliomyelitis patient has an d hability to p

tions even under 1deal ciroumstances Causative factors mclude (a) easy
aspuration of contammated secretions because of absent effectve reflex
protection of the arrway (b) mability to remove secretions loss of cough
g ability failure of cihary mechamsm increased amount and viserdity of
(c) mf lung such as occurs with
sighng and exercise and (d) alterations of air distribution 1n the lungs and
changes m pulmonary blood flow as a result of prolonged immobilization m

the supine position respiratory muscle paralysts and artifictal respiration
In any case the preventive measures should be routnely employed and
prompt adequate treatment should be carned out Antibactenial therapy

should be durected by the of the pred Contimu

ous prophylactic antibiotic therapy or chemotherapy 1s madvisable

because the ordmnary b il flora are replaced by resistant The
of a pul v ! with this type of secondary m

fection 15 obviously most difficult to treat
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Treat infection early specifically and adequately to prevent
underventilation and hypoxia

Repeated tracheobronchial aspiration Less traumatic bronchos
copy may be done through the tracheotomy when usual suc
tion 15 meflective

Correct for the effect of these complications 1 dimmishing ventt
lation and g pressure req ts m the
Prove adequacy of tidal exchange

Use humidified oxygen and/or steam therapy

Male frequent changes m body position postural dramage

Ephedrme (suk ly) 30 prior to end heal sue
tion Occasionally prolonged dosage may be necessary (2550
mgm orally every 8 hours in the adult patient )

Treat myocardial insufficiency secondary to extensive pulmonary
compheations with digitahs (See page 58 )

If hemoglobrn 1s below 10 12 gms use repeated small blood trans
fusions

In addition to the measures previously outhned certamn features are
important m the satisfactory management of these complications They
mclude (a) frequent bronchoscopy which 15 necessary for persistent

] and wh underventilation cannot be corrected by sumple
tracheal suction and reasonable respirator pressure adjustments (b) pul
monary compheations account for decreased distensibihity of the lung 50
that higher resprrator pressures are y to plish adequate tidal
exchange (c) oxygen therapy 1s often necessary (see page 47) and (d)
oceastonally serious mmpatrment of cardiac function 1s observed and digt
talization 1s necessary In many istances satisfactory treatment 1s possible

1t should also be pomted out that upper lobe atelectasts may not produce
sertous impaurment of pulmonary ventilation so that conservatiy e treatment
may be entirely adequate In contrast lower lobe atelectasis 15 usually due
to an obstructing mucous plug or mspissated mucopus 1 a primary bron
chus This condition requires immediate and energetic treatment because
1t almost always results m underventilation -




METABOLIC DISTURBANCES IN ACUTE

POLIOMYELITIS
Al of water and el lyte b
Dehydration
Hemoconcentration
‘Hypokalemie alkalosis
or hy

Hy P
Alterations of oxygen uptake and carbon dioxide ehmnation
Artenal oxygen unsaturation and oxygen debt (see page 48)
Hypercapma caused by underventilabon
Hypoecapma caused by hyperv
Al of serum pH ad;
Underventilation with CO; retention may produce acidosis
pH less than 7 35 umts {Artersal blood }
Hyperventilation wath excessive COz ehmination may produce
alkalosis pH more than 7 45 units (Artenal blood )
Changes 1n electrolyte distnibution as a result of fever altered
general metabolism state of hydration and renal function
may produce either venous serum acidosis or alkalosis

In the acute phase of poliomyelitis the problems of water and electrolyte
metabolism are 1 many respects simlar to those of any acutely i1l patient
Poor mtake gradually leads to deficits of both water and electrolytes Exces
swve loss of gastnic or oral secretions (the latter 1s particularly important m
bulbar patients) mncreases the magmitude of this defictt In addition high
body temperature and respiratory disturbances such as hyperventilation
mcrease msenstble water loss The contmued loss of water 1 hypotonic
secretions may lead to 2 marked water defieit Salt loss 25 less apparent m
the serum chemstries due to the presence of hemoconcentration neverthe
less total body deficits of salts are almost mvanably present Failure of
adequate sodrum replacement together with urmary sodwum losses may
lead to marked hyponatremia Failure to replace potassum may lead to
hypokalemic alkalosis

Disturbances of oxygen uptake and carbon dioxide elmunation are prob
lems restricted to the severely 1ll patient and the respirator patient m par
ticular The disturbances in pH ! are m the P
tory patient provided water electrolyte and caloric needs are met and
underventilation or hyperventilation does not occur
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Treat infection early specifically and adequately to prevent
underventilation and hypoua

Repeated tracheobronchial aspiration Less traumatic bronchos
copy may be done through the tracheotomy when usual suc
tion 1s meffective

Correct for the effect of these complications 1 dimmishing vent
lation and mcreasing pressure requirements mn the respirator
Prove adequacy of tidal exchange

Use hurmdified oxygen and/or steam therapy

Make frequent changes i body position postural drainage

Ephedrine (subcutaneously ) 30 mmutes prior to endotracheal suc
tion Occasionally prolonged dosage may be necessary (2550
mgm orally every 8 hours 1 the adult patient )

Treat myocardial msufficency secondary to extensive pulmonary
complications with digitalis (See page 58 )

H hemoglobin 1s below 10 12 gms use repeated small blood trans
fustons

In addition to the measures previously outlmed certamn features are
important m the satisfactory management of these complications They
mclude (a) frequent bronchoscopy which 1s mecessary for persistent
atelectasis and whenever underventilation cannot be corrected by simple
tracheal suction and reasonable resprator pressure adjustments (b) pul
monary complication: for d d d bility of the lung so
that hugher respirator pressures are necessary to accomplish adequate tidal
exchange (c) oxygen therapy 15 often necessary (see page 47) and (d}
occasionally sertous mmpawrment of cardiac function 1s observed and digt
talization 15 necessary In many mstances satisfactory treatment 1s possible

It should also be pomted out that upper lobe atelectasis may not produce
senous impaiment of pulmonary ventilation so that conservatrve treatment
may be entirely adequate In contrast lower lobe atelectasis 15 usually due
to an obstructing mucous plug or mspissated mucopus m a prunary bron
chus This condition requires immediate and energetic treatment because
1t almost always results n unden entilation -




METABOLIC DISTURBANCES IN ACUTE

POLIOMYELITIS
Al of water and ¢l lyte b
Dehydration
Hemoconcentration

Hypokalemc alkalosis
Hyponatrerma or hypernatrerma
Alterations of oxygen uptake and carbon diox:de elimination
Arterial oxygen unsaturation and oxygen debt (see page 48)
Hypercapma caused by underventilation
Hypocapmia caused by hyperventilation
Al of serum pH ad
Under 1 with CO: may produce acidosis
pH less than 7 35 umts (Artenal blood )
Hyperventilation with excessive CO  elimmation may produce
allalosts pH more than 745 umits (Astenal blood )
Changes 1 electrolyte distnbution as a result of fever altered
general metabolism state of hydration and renal function
L may produce either venous serum acidosis or alkalosis

In the acute phase of poliomyelits the problems of water and electrolyte
metabolism are m many respects similar to those of any acutely 1l patient
Poor mntake gradually leads to deficits of both water and electrolytes Exces
swve loss of gastnic or oral (the latter 15 p ly important
bulbar patients) ncreases the magmtude of this defiait In addion agh
body temperature and respiratory disturbances such as hyperventilation
merease sensible water loss The continued loss of water n hypotonie

secretions may lead to a marked water deﬁc\t Salt loss 15 less apparent m
the serum ch 1es due to the

ration neverthe
less total body deficits of salts are almost mvanably present Failure of

adequate sodmm replacement together with urnary sodum losses may
lead to marked hyponatremia Falure to replace potassium may lead to
hypokalemic alkalosis

Dssturbances of oxygen uptake and carbon dioude elimination are prob
lems restricted to the severely il patient and the respirator patient i par
ticular The disturbances i pH regul are m the
tory patient provided water electrolyte and calonc needs are met and
underventilation or hyperventilation does not oceur
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:

The presence of an acid venous serum pH and low bicarbonate concen
tration usually mdicates metabolic acidosis ted with starvation
fever, anhydremia and partial renal failure The presence of an acid artenal
blood pH and a lugh bicarbonate content mndicates respiratory acidosis due
to severe ventilatory failure

The patrent who 1s subjected to artificial respiration may develop marked
shfts 1n carbon dioxide and pH regulahion Hyperventilation which devel
ops with the use of artificial respiration produces hypocapnia and an alka
Line shuft in the artenal pH Slightly alkaline artenal pH (7 48 7 55) appears
to be well tolerated by the respirator patient m the acute phase of the dis
ease An alkalme pH shifts the oxyhemoglobm dissociation curve m the
favorable direction of higher saturation at lower partial pressures of oxygen
In direct contrast the respirator patient tolerates carbon dioxide retention
and acidoss very poorly




CORRECTION AND MAINTENANCE OF WATER,
ELECTROLYTE AND CALORIC NEEDS

INITIAL REPLACEMENT NEEDS FOR THE DEHYDRATED
PATIENT

(nased upon moderately severe dehydration and the absence of

0 g water and electrolyte losses durmg therapy)

Total ‘Total Total Total
Nat R+ Water
meq/hg meq/hg cec/hg Cal/hg
Infant 348 23 150 40
Child 23 2 120 40
Adult 12 115 75-90 40

*(Total water needs are for the first 24 hours dunng treatment )

Replace water with 5-10% glucose invert sugar or fructose solu
tions 1n water

Replace salt with 085% Sodium Chlonde and 03% Potassium
Chlonde solutions 1n water

Rate of flud admimistration (assuming 15 drops = 1 cc }
Maximum of 3 ce {5 drops)/hilogram of body weight/mmnute

for 1 to 2 hours then 2 cc (3 drops)/hg /mm for 4 to 6

hours
R of sol 1

d durmg the next 8 10 12
houxs atarateof 05to Lcc (12 drops)/kg /oun
route of ad, 100 15 P d A Gardoer
Murphy polyethylene type of needle 15 the best
Calculate 24 hour needs of solutions and MIX
Example (30 kg cluld)

Composition Amount Totals
Solutions 10% Invert sugar i water 60cc/hg  1800cc
085% NaCl 1n water 20ce /hg 600 cc
03% hCln 10% nvert
sugar m water 40ce/hg  1200cc

Total water = 3600 cc
Analysis 120 ce of water/kg /24 hours
96 meq of Na+ as Na+Cl- = 3 2 meq /Kg
48 meq of K+ as K*+Cl~ = 16 meq /kg
Carbohydrate = 300 gms or 10 gm /Kg or 40 Cal /Kg




66 TREATMENT OF ACUTE POLIOMYELITIS

A mummum of 12 Cal per kilogram of body weight 15 required to
spare protein breakdown

Attempt to provide 30-40 Cal per hlogram of body weight to
meet nutritional requirements

COMMON EQUIVALENTS (APPROXIMATE)
1gm Na*Cl-=16meq Nat or 1 meq Na+ =60 mgm NaCl
1gm K+Cl-=13meq Kt or1meq k+=75mgm kCl
03% kCl = 40 meq h+/L or 4 meq h+/100 cc
085% NaCl = 160 meq Nat/L or 16 meq Na+/100 cc

|

Restoration and mamtenance of good hydration 1n patients with acute
poliomyelitis requires careful attention to the physwology of body fuds
Remember not only to give maintenance water and salt but also to replace
antecedent deficits which may be large Rate of admmstration of fluds
will be determmed by three factors (a) seventy of imtal dehydration
(b) renal excretory capacity and (c) the sutability of distributing repar
atve fluids over 2 24 hour period The urme specific gravity 1s an aid to the
proper rate of flmd admmmstration since igh speafic gravities mdicate
renal conservation of water n the face of msufficient intake or excessive
extra renal loss Salt replacement should not be excessive and can be fol
lowed by measuring the urme chloride excretion (bedside Fantus test for
urine chlonide) ©

Uninary chlonde excretion should be at least 3 grams per hter and oph
mally 5 to 7 grams per liter of urine and not more than 10 grams durnng
parenteral flmd therapy In the face of low serum chlondes renal conserva
tion of chloride 10n will be reflected 1n a marked reduction of total chlonde
excretion

Patients with low serum p or clinical evid of hypolalemia
are sometmes encountered i the course of rehydration This should be
treated m the same manner as a defictt of intracellular potasstum with the
addition of potassium salts If the potassium requirements suggested above
have been met this problem usually does not oceur

—
* Fautus test” for unne chlondes To 10 drops of urine 1n a test tube add 3 drops of a 205
solution of potassrum dichromate Then add in & dropwise manner a 2 9% solution of sidver
trate shaking well with each drop A reddish brown precipitate fs mmedately formed and
e disappears with agitaton of the test tube contents The end pofnt of titration Is reached
lfn the preaipitate persists Each drop of silver mitrate solution added to the end point
e tes the presence of spproumately 1 gram of chlonde per lter of unne



CORRECTION AND MAINTENANCE OF WATER
ELECTROLYTE AND CALORIC NEEDS

MAINTENANCE NEEDS OF WATER, ELECTROLYTES AND
CALORIES

The maintenance needs are determined by mdividual estimation of
average daily requrements abnormal losses and antecedent
defiaits
Average requirements for 2 30 Xg {66 Ibs ) chnld for 24 hours
‘Water—35-40 cc /hg /day

85% NaCl-10 cc /kg /day
03% RCl-30 cc /hg /day
Calones—3040 Calones/hg /day
Normal water losses
Insensible loss (lungs and skin) 1s estimated to be from 25-30
cc /hg /day It 1s greater in the infant and less 1 the adult
Renal loss (urine) averages about 10-15 cc /hg /day for mam
tenance of functional capacity of the hidney It 15 greater m
the mfant and less in the adult
Abnormal water losses (This must be measured or estimated and
added to the average 1if they occur )
Insensible losses may mcrease to 50 60 ec /kg /day with agh

fever and
Sweating in the tank resplmtor may add 30 60 cc /Kg /day
R 1 of oral difficulty may be

prodigious (500 1500 cc /day)
Polyuna or low urine speaific gravity may mcrease renal water
loss to 20 30 cc /hg /day
Loss by vomiting imcreases requirements m direct proportion
to amount of vomitus
Abnormal electrolyte losses
mg 15 i only m the of visible per
spiration The electrolyte loss 1s largely sodwm
Unne—potassium losses may be large especally with protracted
polyuna Sodwum and chlonide losses may also oceur
L Vormtus and oral are lugh m p and chlonde

content
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Antecedent deficits of water

The deficit 15 proportional to the adequacy of the flmd intake i the
first 24 hours of replacement When intale oral or parenteral
fails to correct the imtial dehy dration this amount must be added
to the above average needs

The purpose of the flud and electrolyte therapy in the acute phase of
the disease 1s to maintain homeostasis and to correct any dehydration as
well as meet abnormal losses from fever, etc It 1s very mportant to steer a
conservative course 1n flud therapy which will avord toxicity from either
over or under hydration and too hittle or too much electrolyte

Water deficits can be considered to be 1sotomc 1 character Flud lost
from mtracellular spaces requires potasstum and that from extracellular
spaces requires sodium and chlonde for replacement

Particular attention should be given to msensible pulmonary water losses
m the hyperventilated respirator patients Both sensible and msensible skiz
losses may be at the extremes mentioned m the box above particularly m
hot humid climates 1n the absence of air conditioning

Occasionally the extensively paralyzed patient will develop mability to
concentrate the urine and large volumes of urnary water loss wall occur
Therefore safe estimates of flud requrements depend entiely on the
accuracy of fld intake and output measurements Stress m serous 1flness
and from treatment procedures may comg of electrolyte
homeostasis Urimary losses of potassium may be prodigious in this situation
and can be detected by of p concentration n an
aliquot of the total 24 hour urne collection The same flame photometer
techmque used for serum sodium and potassium measurements may be
used with urme samples
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CORRECTION AND MAINTENANCE OF WATER
ELECTROLYTE AND CALORIC NEEDS

EVIDENCE FOR PROPER FLUID AND ELECTROLYTE
THERAPY
Favorable signs
Climical mmprovement 1n hydration sensorium and quality of
the pulse
Production of a good volume of unne with a speafic gravity
between 1010 and 1020
Unnary chloride excretion 1n the range of 3 to 7 grams per hter
of urme (Fantus test—page 66 )
Three to five per cent weight gamn 1n the first 24 to 48 hours

HAZARDS IN THE MANAGEMENT OF FLUID
ELECTROLYTES

Overhyd te of flud ad ration should not exceed
suggested maximums and flids should be distributed through
out the 24 hour pertod Polyuna dilution of bleod serum head
ache weakness L h J: and
coma can result from water toxication

Underhydration—may occur when the estimate of current losses
1s madequate or when scheduled flwd therapy 1s not recerved
Hyperosmolarity of the serum may occur 2nd a febnle reaction
can develop

Potassium ntoxication—may occur when the patient 1s ohgunc
or anunc This leads to hyperkalemia subsequently muscular
weakness and cardiac arrest

Sodwm and chlonde retention~may result if stress 1s severe and
prolonged as a result of the disease Estimates for sodum re
qurements should be on the low side when there 1s any doubt
about the patients needs Hypernatremuna can lead to edema
and mereased extracellular flind volume with the development
of cellular potassium deficrency

Every effort should be made very early in the post acute phase of illness
to msure a dilute urne which does not exceed a concentration of 1020
Otherwise the rather prompt hypereal and h; lcuna which de-

T

YPp
velops from ); m the paralyzed patient may produce stone
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formation The entical concentration of calcitm 1n the urne 15 15 mgm
30 mgm per cent so lower rations must be d by urmary
dilution

Constderable attention in the past has been given to keeping the patient
1 a shghtly dehydrated state to prevent cerebral edema This 1s dangerous
simnce the mamtenance of optimal water and electrolyte homeostasis by
proper flurd therapy 15 an essential requirement for the mtegnty of cellular
metabolism Failure to mamtam flud and electrolyte balance compromuses
the patient and may unfavorably influence recovery

The electrocard 1s a valuable tool for the detection of metabole
disturbances at the extracellular and cellular levels msofar as myocardial
function 1s concerned Hypokalemma hyperkalemua and abnormalties of
serum 10mzed cal ration can be detected by ct m the
electrocardiogram ** % 1




DIET AND TUBE FEEDING

ki3

CRITICAL PHASE

Mamtam Swd and electrolyte balance

Only calones are smportant 1 diet to provide minimum intake
of 40 cal /hg body weight as carbohydrates

POST ACUTE PHASE
PATIENT ABLE TO SWALLOW

Begin with regular <oft diet

If soft diet 15 tolerated for 48 hours then unrestrcted diet 1s
permitted except to it milk and mulk contaming foods as
a source of high calcram to one (1) pnt per day m patients
with extensive paralysis

Laumat calones of obesity develops

PATIENT UNABLE TO SWALLOW

Nothing by mouth should be attempted

Tube feedimg 15 started after height of acute phase has passed

Begm with parenteral flmds by gravity naso gastne dnp m
caleulated amount (See page 67 )

1t no vomitng occurs w24 to 48 hours 1dd skam mulk and
stramed orange jmce fortified with glucose for the next 24
bours Example Adult 200 ce of shaim milk or orange juice
alternating each every 3 hours

Change slum midk to whole homogemzed muilk m the next
hours Continue to meet total water requirements with added
water and orange jmee

‘Then start formula caloulated for ad of calones
proten carbohydrates fat and total find volume Calerum
mteke should be restricted to 250 mgm /24 hours Fat par
ticularly m eazly i} 15 poorly tol

INITIAL NUTRITIONAI REQUIREMENYS (Approxmate)

Protemn needs
Under 1 year-35 gm /hg
1to 3 years~2 gm /g
Over 3 years— gm /Rg
Fat~1 gm /g ~usumally not over 50 60 gms except for very
large adults
Calones—40 cal /Ag
Carbohydrates—make up 1o total ealeulated ealone require

ments




DIET AND TUBE FEEDING

6 am

CONVALESCENT PHASE

Foods to meet nutntonal requirements can be obtamed from a
regular soft diet The foods are then blended m an electnie
blendor and diluted to a y that can be injected with
2 50 cc syrnge through a naso gastnic tube Ground meat and
hard boiled egg are good low calcrum sources of protem Pureed
baby meats do not pass through tubes easily Laver 1s recom
mended twice a week

Corn, eggplant, steamed nice and all dry cereal products do not
blend well Avoid beans which are a source of high calaum
content

Use frut yusces fortified with glucose as largest source of carbohy
drates and as convenient diluting flurd so final volume wall not
be too great

Currently available commercial tube feeding preparations are all
high 1 calelum content

During the first 24 hours use one half calculated amount of food
diluted with water to make up full calculated volume

Add water and salt between meals to meet total daily require
ments Sufficient potassium 1s available m foodstuffs and orange
juices unless abnormal renal losses are encountered Remember
all cooling 1n special diet kitchens 1s usually salt free

Add supplementary vitammns B and C Avoid high wvitamm D
mtake

Example Example of Contents of
R B 23years WM 69 hg blend for one meal
600 cc blend each feedmg at
8 am Ground meat 90 grams
12 noon Mashed potatoes 100 grams
5 pm Fruit yuice 500 ce
H O 300 cc at One hard cooked egg
10 am 1f needed give residual blend
2 pm from previous meal
Orange jurce 200 cc at
pm
Fruit juce 350 ce at Once daily add vitamn con
10 pm centrate contammng B and C
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Analysnis Total calones/24 hrs =2700
Total calones m blend = 1566
protemn 70 gms
fat 60 gms
carbohydrates 239 gms
Rest of 24-hour calonc need met with frmt juices with 5% added
glucose =60 cal /100 cc or 10% added glucose=80 cal./100 ce

In general as soon as possible the contents of a regular soft diet which
can be blended m an electnic mixer such as the Wanng Blendor® should be
gaven by tube since the normal diet best meets the nutritions] requirements
of the patient. The Mead Johnson Naso gastne Tube® 1s preferable because
1t 15 of proper size and has an end opening rather than the easily clogged
side openings A dietary food supplement such as MorCal® can be added 1
amounts of one 1o o tablespoons per blend feeding Abnormal electrolyte
intake can be avorded with thus techmque Water and juices make suitable
diluents for proper consistency of feedmg

The psycluc satisfachon of consuming a regular diet albest blendonsed
and by tube s exceedingly ymportant for the well bemng of the patient who
cannot swallow The child especially enjoys talung hus food trav and prepar
myg the tube feedmg

@ Waring Blendor is manufactored by the Winsted Hardware Manufactunay Company
Winsted Connecticnt.

Available from Mead Johnson Compavy Evansville, Indiana,
@ MorCal 15 the propnietary name of a high calorie food supplement made available by
Schenley Laboratorles New Yoik NY
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URINARY BLADDER RETENTION

ACUTE STAGE
OCCURRENCE
Bladder retention and mability to vord spontaneously, usually
develops with bilateral lower extremity paralysis and abdom
mal muscle paralysis and 15 more common 1n males

TREATMENT

If cathetertzation becomes necessary use an mdwelling catheter
mserted with the strictest attention to stenle techmque

Mamtamn a dilute unne of large volume (1010 to 1020} by
forcing oral fluids

Culture the urine repeatedly to determme the mature of mfect
ng orgamsms 1f infection 15 suspected

Treat only for systemic mfection indicated by pamn burming
sensation fever leuhocytosis and pyuria A posiive urme
culture alone 1s not the mdication for antibactenal therapy

Durect the selection of antihacterial drugs by the sensitiity of
cultured organisms

Prophylactic use of systemic antibactenial agents 1s madysable
and treatment of positive unne culture without evidence for
mfection may promote the development of infection by re
sistant organtsms

REMOVAIL OF CATHETER

Attempt removal as soon as acute symptoms subside

Clamp off the catheter for 3 to 4 hour intervals and encourage
the pattent to void spontaneously at the end of these periods

If the patient fails to void spontaneously at the end of 24 hours
of t use p ), ly (10 mgm
10 adults) and mtr larly Apply firm p with the
palm of the hand to the suprapubic bladder area Repeat the
drugs once 1n 20 mmutes if there 1s no result

If the patient 15 still unable to void recathetenze and agam
attempt remaval 1n 48 hours

S
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POST ACUTE STAGE

‘The penalty for failure to remove the catheter early 1s mfection

In the presence of mfection perform a cystometrogram to rule
out meomplete emptying and residual urine as 1 provocative
condition

Persistent infection m the catheterized patient may respend to

tidal dramage or imgation of the bladder every 4 hours with

an antibacterial solution such as Suby s solution  This 1s com

bmed with systemie chemotherapy

Conservative are usually adeq for the t of this
condition 1n children and cathetenzation may be avoided Frequent stimu
lation of voiding to prevent over distention of the bladder and stimulant
drugs such as and Urecholine® are 1mp adjuncts to con
servative therapy

Organisms may grow out of the unne even though natural defense
mechanisms have prevented mvasion of tissues For this reason contmued
use of antibactenal agents i prophylactic doses may p the estabhst

ment of a ressstant bactenal flora which can be very difficult to eradicate
should 1nfection oceur

Suby's solution—26 gms of magaesium onde 128 gms of citne sad made vp 0 4000 oo
with water

® Urecholne is the brand name of the urethane of 8 methylcholine chlonde made avalable
by Sharp & Dohme divis on of Merck and Co Rahway N J
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MANAGEMENT OF CONSTIPATION AND IMPACTION

FREVENTION IS BEST—NORMAL FLUID INTAKE AND
DIET ARE IMPORTANT

ENCOURAGE ELIMINATION AT REGULAR INTERVALS
Use Dorbane® once daily at bedtune for constipation
Dosage children 37575 mgm
adults 75 150 mgm
If obstipation develops utilize saline soap suds enemas followed
by an o1l retenhon enema if necessary
Manually break up and remove fecal impactions with well
Iubricated gloved mmdex finger
Do Not Exhaust Patient
Teces formation 15 1 duning p 1 al
CAUSES
Dehydratton—mummal bulk i dret
Absence of effective abdomnal muscle contrachon with m

crease 1n mtra abdommal pressure
Distention of bowel and disturbances m motdity

Dorbane® used prophvlactically has been successful 1 most mstances
establishing regulanty and avoiding impactions Frequently the dosage
may be decreased successfully after 6 weehs

Patients with fecal mpactions may plam of abd, 1 du fort
nausea and vomuting Objectively 1mpaction can be noted by abdormnal
distention by palpation of the abdomen or by dufficulty n wserting 2 rec
thermometer or rectal tube

® Dorbane is the brand name of dibydroxy anthraqumone made available in 75 mgm  soored
tablets or oral suspension by the Schenley Laboratories Ltd. New York 1 N Y
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Never give more than two enemas lly to the resp y
patient The enemas should be made up of saline to avoid loss of electro
Iytes from the bowel If after two enemas good results have not been
obtained the patient should be allowed to rest a few hours Then he should
be given an o1l retention enema and placed 1n a shight head down posttion
for one-half hour which aids the patient 1n retaimng the o1l Patients with
severe constipation may benefit by an o1l retention enema the might pre
ceding salme soap suds enema

The danger of exhausting the patient 1s always present and treatments
should be spaced over a period of hours or days depending on the number
of treatments necessary and the patient s condition The respiratory patient
15 especially distressed when suffermg from a fecal impaction and usually
requires breathing aid 1f prol d

15 necessary
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PREGNANCY COMPLICATING ACUTE POLIOMYELITIS

OCCURRENCE
Pregnancy increases susceptibility to acute poliomyehtis The
disease may develop at any time during the penod of gesta
tion
Maternal mortality in poliomyehiis does not appear to be
greater because of pregnancy
Fetal mortality 1s mcreased
Spontaneous abortion 1s common 1n the first and second tn
mester of pregnancy
Duration of gestation may be shorter than normal especially
if the disease occurs 1 the last trimester

PRE NATAL MANAGEMENT
The course of the disease usually does not modify the obstetn
cal management
Complications of pregnancy are treated n the same fashion
as m the non poliomyelitis patient
Caesarean section 1s not indicated except for obstetrical con
ditions Acute bulbo spinal paralysis with mtractable re
spiratory msufficiency may be an exception
Pregnancy 1s very uncomfortable for the extensively paralyzed
patient Careful positioning and frequent changes m body
position must be carned out and the head down body post
tion should be avorded
The physical therapist should stretch out the hip muscula
ture especially the adductors and internal rotators so that
the position of delivery will not be pamnful
The combmation of pregnancy and respiratory muscle paralysis
often produces progressive msufficiency m the last trimester
after cessation of acute involvement
Both wital capacity and tidal volume may decrease comncident
with utenine enlargement
Increases 1n pressures will be required for adequate ventt
lation in the tank respirator
Abdominal discomfort may be relieved by elevating the head
end of the respirator cot and side lymg positions
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The patient should become accustomed to the dome respt
rator or mtermittent positive pressure breathing dewices
such as the Bennett respirator for obstetnical exammation
nursing care wnd eventually delivery

The cuwirass respirator and roching bed are contramdicated
because of discomfort and ineffectiveness

Induction of labor mn the last 4 weeks of pregnancy may be
adwisable if there 15 evidence of toxemsa or if severe genito
unnary infection develops

In poliomyehtis )] d by p ] fatality occurs m
those cases with severe respiratory mvolvement Death 15 usually a result
of the seventy of the disease or failure to Tecognize the progressive respira
tory wsufferency induced by the pregnant state in most resprrator patients

The patient should be carefully observed for the presence of toxemia of
pregnancy Fluid and electrolyte balance should be regulated to avoid salt
and water retention with edema formation This may develop more readddy
m the pregnant poliomyelitis patient Similarly nutntional care 15 particu
larly important in the last trimester of pregnancy Provision of supplemen
tary won preparations and witamm intake 15 necessany Do not give added
calerum or vitamin D because of demineralization resulting from the disease
process and smmotlization

The nursing care of the respirator patient 15 of utmost 1mportance Com
fortable positioning should be achreved at all times

The expectant mother should be frequently reassured that the chances
are very much 1n her favor for a healthy baby and an uncomplicated deliv

ery She s apt to become very d ged and even dep d n the last
months of gestation There 15 not a greater tnal for 2 woman than tank
i m Considerabl can be given

P
for improvement m breathing after delivery If mental depression becomes
a severe problem muumal oral doses of 50 to 100 mgm per day of Thora
2ne® may be of value With use of such drugs somnolence or stupor must
be avoided swce airway obstruction readily develops m the supsne respira
tar patient

® Thorazwe 13 the brand name of chlompromazine made avalable i 25 mgm tablets or in
! ?chzs il ampoulet for parenteral dose by Smuth, Khine and F ench Laboratones Fhila
elphna Fa
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CONDUCT OF DELIVERY OF THE RESPIRATOR PATIENT

Four weeks prior to the expected date of delivery all necessary
equpment and sterle packs for delivery should be kept
the patient s room as well as an mcubator

The anesthesia service should be alerted

Spontaneous labor and vagnal delivery proceed rapidly and
uneventfully m most mstances The expulsive action of the
normal uterme musculature 1s surpnsmg when 1t 15 unop
posed by voluntary musculature

Conservative obstetrical analgesia with Demerol® 1s permissable
m a dosage range of 50 75 mgm every 3 to 4 hours Somno
lence m the supme posiion may lead to upper arrway ob
struction by the relaxed tongue and glottis Minimal sedation
1s advisable

Laocal Pudendal nerve block may be employed for delvery
Sprnal anesthesia 1s not indicated

Normal conduct of delivery 1s carried out on the tray of the
respirator utilizing the dome of the Emerson respirator for
artificial respiration or mask intermittent positive pressure
with supplementary oxygen by positive pressure respirator
or anesthesia bag ®

Prevent maternal respiratory msufficiency and consequent fetal
distress

The newborn mfant can be kept m the 1solation wing of the
hospital nursery for a penod of 10 to 14 days as a precaution
ary measure

POST PARTUM CARE

Usually uncomplicated
The wital capacty 1s found to merease fauly promptly after

delvery and respiratory improvement usually follows

® Demerol 15 the brand name of meperidime hydrochlonde made avalable by Winthrop-

s Inc New York 18 N Y
Sxal;::nett Pressure Breathing Therapy Umt Model HR-5A flow sensitive Avalable from

Bennett and Assoclates Inc Los Angeles
vﬁ::aglun Bennett Positive Pressure Attachments for tank respirator or Monaghan cuirass
respirator pump available from J J Monaghan Company 500 Alcott Street Denver Colorado
ooy Positve Fressure Attachment. Avalable from Techmcon Husley Ltd New York
NEYmersun Dome Respirator Avadable from J H Emerson Company 22 Cottage Park

Cambndge Mass
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Lactation may be difficult to discontinue in those patients ut

g the cuirass respirator 1n the post partum respiratory

program because of physical stimulation and aspiration of
the breast

The partly weaned respirator patient who still utilizes the cuirass resp
rator or rocking bed as the pnmary brent]nug a1d may have to return to the
tank respirator full tune i the last it with
the use of the lesser aids 1n the pregnant patient may develop easily and
should be avoided by restncting artificial respiration to the tank resprrator
except for nursing care and obstetncal examimation
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NURSING CARE—ACUTE POLIOMYELITIS
ROUTINE ORDERS (SWPRC)

On admussion apply a tuberculosis patch test (for children 6
months to 14 years), and obtamn complete blood count un
nalysis serology, weight and height

Take temperature pulse respiration and blood pressure every
4 hours (unless ordered more frequently)

Observe patient for Signs and Symptoms of Sertous Polio (page
15) The physician should be notified of the occurrence of
such signs and symptoms as well as any changes mn vital signs

Charting should be accurate and detailed on the acute patient
Chart any progression or change of vital signs and carefully
note time

No Sedation or Aspirin should be used unless ordered

Hot packs for pam should be specifically ordered by the phvst
can

Cathetenzations are performed only by the nurse or physician
Orderlies and practical nurses are not permitted to catheter
1ze patients on Polio Service

All acute patients m a respirator must be protected by respirator
alarms at all times

Use Only Electrical Outlets with Emergency Protection for
Power Failure for resprratory equpment Do not plug any
other type of equipment imnto these outlets

Oxjy gen 15 always ad d with dification (see page
19)

SERIOUS POLIOMYELITIS

See Signs and Symptoms of Serious Polwo, Early Indications
and Tests of Swallowing Impairment, Immedrate Measures
1n the Treatment of Impaired Swallowing Ewvidence of Pro-
gressing Swallowing Impairment, and Signs and Symptoms
of Respiratory Muscle Paralysis

¥ there 15 any mucous accumulation m the throat inchine the
patient s body with head down and place on lus side or abdo
men only, not on his back

Nothing should be given by mouth including fluids and ordered

medications
Have suction equipment available at bedside at all times

}
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Check bronchoscopy and tracheotomy bedside tables for com
pleteness and operation Know Which Ear, Nose and Throat
Physictan Is On Call and advise lum of the patients con
dition

Always have a respirator available cheched and ready for use

These routine orders are a part of the standing nursing orders for acute
admussions of the Southwestern Poliomyelitis Resprratory Center

The PRINCIPLES OF NURSING CARE which are necessary for poho-
myehtis programs in the large hospital with an acute patient load include
BEDSIDE NURSING The gentle assistance of the nurse who 15 aware
of the importance of preserving the digmty of the physically handicapped
mdividual 1s the essence of poho nursing The nurse attempts to provide
for the needs of the mdividual patient through close observation of his
h p to lloess including vital signs general condition phys:
cal appearance and mental attitudes Satisfactory bedside nursing includes
an appreciation of the patients d and d d 1 re-
actions to catastrophic illness which are entirely normal (See page 95 )
Although specific medieal orders are paramount cleanliness good body
positioning and performance of range of motion are also essential for proper
care Social and recreational needs may require more than ordmary atten
tion by the nurse but such needs must be fulfilled Cooperation with special
services such as social service if they are available assists the nurse
PRACTICE OF GROUP NURSING 1s the most efficient utihization of
1 and \; to a fi ble climate for rehabilitation which
cannot be achieved 1n the private care of the patient 1solated 1n a small hos
pital room Qne nurse and one or two aides can better meet the needs of
three respiratory patients m one large room than can three nurses with
three patients in three private rooms
Grouping of patients according to age sex mnterests and degrees of 1n
1 15 p larly desiable In spite of the loss of personal privacy
the association of patients with the same type of handicap actually bright
ens the patient s outlook and simplifies and reduces nursing demands Se
clusion and special duty nursing encourages a pattern of over dependency
and 1 1dentfi which may senously mmpede the
rehatulitation program smce the patient 15 less apt to depend upon other
members of the treatment team
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Group nursmng permuts rotation of personnel at penodic intervals This
rotation minimizes excessive patient and nurse emotional interdependence
and also enlarges the scope of the nurses experience to mclude patients
makung rapid recovenes as well as those who are progressing slowly The
nurse deserves the opportunity to observe and parheipate mn successful pa
tient care as does any member of the treatment team

IN SERVICE EDUCATION and frequent orientation by means of staff
conferences are y for the and mmprovement of any
treatment program Educational efforts should include a concise under
standing of the entire medical program and 1ts amms together wth a thor
ough knowledge of all respiratory and special equpment Frequent prachice
penods for hand operation of respiratory equipment and emergency tests
should be carmed out This reassures the respiratory patient and helps
obtam hrs confidence 1 the nursmg staff

EXPANDED NURSING SERVICES for poliomyelitis care camnot
achieve an 1deal ratio of nurses to patient load and 1t 15 necessary to tram
and use non professional workers Ongmally a substitute measure this
has demonstrated that professional nursing hours can be safely and cor
rectly reduced The use of well tramed aides attendants and orderlies 15 2
realistic and practical solution to staffing

Non professional workers require excellent orzentation close supervision
promotion for real ability and contimung i service education They are
especially valuable if they work as a part of nursing teams under the super
vision of a registered nurse




NURSING CARE-—HYGIENE

ORAL Toothbrush taothpaste emesis basn for routme
mouth care
Spectal mouth care as indicated especaally to
patients not recewving oral feedings

SKRIN CARE Special emphasis to neck, back and bony prom
mences

BATH Complete daily bed bath
Include range of motion to all extremmties dur
g bath
Do not apply lohons and powders
Keep skin clean and dry at all times

SCALP Massage daily with a hair brush to prevent pres
sure areas
Shampoo once a week Patients may and should
be shampooed when confined to a tank res
prrator
Shampoo with Selsun® if greasy scalp scales de
velop

LINEN Clean dry linens are required at all imes Avoid
wrinkles 1n sheets
An extra draw sheet may be placed under the
patient to facilitate turning

ELIMINATION Patents should be closely vbserved for bowel
and bladder elmmation (See Management
of Constipation and Impaction Page 76)

TOES AND Daly soaking of the feet wn soapy water fol
FEET lowed by vigorous rubbmg and drymg with
2 towel to remove accumulated dead tissue
Tnm the nals straaght across once a week Do
not pry under the comers of the nails

& Sdmn is the proprietary name of selenfum disulfde 2% w/v in a containing

th chxi. ;ﬂmﬂz and camyng egents and i made available by A\,\,m thq“(ones
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Patients confined to the tank respirator demand and deserve excellent
nursing care Any nursing care procedure which should be performed for a
cntically 11l bed patient should also be carmed out for the tank bound pa
tient by working through the portholes Special attention must be given to
the prevention of pressure areas especially of the neck, shoulders bach and
heels Frequent turnmng 1s one of the best prevenhve measures Special
attention to back care must be a routine procedure Neck care may be
accomplished by soaping hand and massaging soap well mto the neck Ths
serves to shmulate circulation and toughen the skin This procedure may
be done while the patient 15 1n the tank and without loss of pressure ouly
when using the standard sponge rubber collar A piece of foam rubber not
more than one half inch thick, wrapped m a soft diaper and placed around
the nech serves as an excellent neckpiece both for patent comfort and for
relief of pressure from the lung collar

The severely mvolved patient 15 susceptible to mgrown toenalls and m
fections due to Jack of normal use of the feet and decreased cculation
Preventive measures mclude daily foot care and traynmg of personnel to
avoid bumprng the feet when moving the patient



NURSING CARE—TRACHEOTOMY

CONTROLLING SECRETIONS

Remove wner cannula frequently and soak in a solution of equal
parts of 2% hydrogen peroxide and water

Seleet soft rubber catheter with two holes one on each side of the
tube blunt end preferable to sharp angle cut and use separate
catheters 1 scparate contamers for oral nasal and tracheal
suction

Use a Y tube m the suction line to control pressure Insert the
catheter approxunately one inch below the end of the trache-
otomy tube close the open arm of the Y tube to produce suc-
tion and gradually withdraw the catheter with rotation

Allow the patient to rest before repeating procedure

If secretions are thick and tenacious nstlf about 1 to Ihee of
stenle normal saline mnto tracheotomy tube with rubber tipped
medicine dropper prior to suctioning

Suction until respirations are free of rhonch: and wheezing-hsten

with the bell of the steth over the trach y tube
Clean soaked 1nner cannula by runming a pipe cleaner through 1t
and replace

By turming the patients chin to the left the catheter wll pass
mto the nght mam bronchus and vice versa

Do not suction constantly Give the patient a chance to breathe!

The patient should NOT be left alone at ANY time!

DANGER SIGNS

Blue ashen color—dilation of nostrils

Bleeding from tracheotomy wound

Noisy respiration which cannot be reheved by suctiomng

Tnability to make patient breathe comfortably

Inabihity to ansert catheter due to obstruction Do nat farce cath-
eter mto trachestomy tube Crusts may be dislodged from the
tube and asprrated

Aspiration of blood clots or large amounts of bloody mucus

Care in the respurator 1s fzcilitated by the use of an extra large extra thick
sponge rubber tract collar and trach y collar d The
collar must be retracted sufficiently to avoid “nding” on the tracheotomy
tube A foam rubber neckpiece wrapped 1n a soft diaper provides an effec-
twve seal 1f lapped around the neck and crossed over the supra sternal notch
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Patients confined to the tank respirator demand and deserve excellent
nursing care Any nursing care procedure which should be performed for2
cnitically 1l bed patient should also be carried out for the tank bound pa
tient by working through the portholes Special attention must be given to
the prevention of pressure areas especially of the neck, shoulders back and
heels Frequent turning 1s one of the best preventive measures Specid
attention to back care must be a routme procedure Neck care may be
accomplished by soaping hand and massagmg soap well into the nech, Ths
serves to \f 1 and toughen the skin This procedure may
be done while the patient 15 1 the tank and wathout loss of pressue oaly
when using the standard sponge rubber collar A piece of foam rubber not
more than one half mch thick wrapped m a soft diaper and placed arourd
the neck serves as an excellent neckpiece both for patient comfort and for
relief of pressure from the lung collar

The severely mvolved pattent 15 susceptible to mgrown toenails and 1
fections due to lack of normal use of the feet and decreased curculation.
Preventive measures mclude daily foot care and trammng of personne} 1o
avoid bumping the feet when moving the patient
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As soon as the prerequisites are present removal procedures should be
started Remove the tracheotomy tube even 1f some suctiomng 15 necessary
simnce mucus will be present as long as the tube 15 1n place

In rare mstances 1t may be advisable to leave the smallest possible tra
cheotomy tube or a sohd plastic replica 1n place to maimntam the tracheos
tomy for suction Completely apnerc patients those with

and severe swall g smpairment and also those with repeated
pisodes of 1s and atel may requre a tracheotomy for
prolonged penods
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REMOVAL OF THE TRACHEOTOMY TUBE

PREREQUISITES

Ability to swallow fluds and solids without aspiration Thus 1s
tested by giving the patient green vegetable colored water
to swallow If the green water 15 recovered from the trachea
the patient has aspirated

Absence of pulmonary pathology upon x ray exammation

Demonstration of effective swallowing with Dionosil® by fluoro
scopy

Direct laryngoscopy to rule out presence or persistence of vocal
cord paralysis

DISADVANTAGES OF RETAINING TUBE

Stimulation of excessive secretion so long as foreign body
(tube) 151 the trachea This necessitates more nursing care
and interferes with the accurate evaluation of the breathing
reserve

Slower progress in weaning from respiratory aids 1s often ob
served

Addiction to uanatural airway oceurs especially in children

PROCEDURE

If a large tube was used decrease the size and length over a
penod of several days

Close the tube dunng the day for several periods and for as
long a time as can be tolerated Open only for suction

Gradually close for 24 hour periods

After two or three days remove the tube

Use artificial coughmg devices and coughing maneuvers to
prevent accumulation of secretions

Steam whalations for two or three days may help Lquefy secre
thons

If removal failure occurs (rarely) replace the tube

Obtam tracheal culture and sensiivity tests and place patient
on prophylactic anttbiotics before attempting removal m the
next one or two weehs
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5 m the Tank R Cross the far leg over the near leg
Place one hand under the lup and the other on the far shoulder
Hold the shoulder down and pull the hup over toward you twisting
the trunk
nIrs
1 Fleuon Place one hand under the knee and one under the ankle Flex
the hip and knee bnnging the knee toward the chest.

b

2 Hamstnngs and Quadneeps Flex the hup to 90 and hold 1t there
Fxtend the knee and then flex 1t by hifting at the ankle

*x
o____lil
B
3 Abduction With one hand under the knee and one under the ankle
maove the leg out to the side to a 45° angle

/

4 Rotation Place one hand on the knee and one on the foot. Roll the
leg n and then roll 1t out
FOOT
1 Dorst and Plantar Flexon Place one hand on the heel and the other
on the forefoot (a) Pull the beel down and push the forefoot up
and (b) Pull the forefoot down and push the heel up
€
\

2 Inversion and Eversion Place one hand on the Jeg just above the
ankle and the other on the forefoot Turn the foot 1n and out
3 Toe Flexion and Lxtension Place one hand on the forefoot and the
other over the toes Bend the toes down and then bring them back
straght
SHOULDER

1 Flexon Place one hand under the elbow and one supporting the
hand Raise the arm straight up and bring 1t back toward the bed
w

TTO——



JOINT RANGE OF MOTION

NECK
1 Flemon Laft the head bringing the clun up to the chest

a_

2 Lateral Flexion Move the head laterally bringing the ear to the

shoulder

3 Rotation Rotate the head turning the face completely to the left aud
then to the nght

4 Extension Extend the neck This can only be done m the side-lymg
or face lymg posihons or if the patient 1s 1n the tank resprator 1t
can be done by lowering the head prece

anEUE

1 Flexton Flex the back by raising the head and shoulders bringing the
head towards the knees

R _ O

2 Lateral Flexion Place your arm under the patients neck and your
hand under the opposite scapula Pull the patient toward you lat
erally flexing the trunk Hold the opposite hip down if he starts to
move as a whole

=

3 Lateral Flexion in Tank Respirator Support both legs with one hand
under the thighs and the otber under the ankles and pull the legs

and hips toward you

O”\.

4 Rotation Place one hand on the pelvis on the far side and the other
under the scapula Hold the pelvis down and rotate the upper trunlk

toward you 1 a twist .
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SIGNIFICANT SOCIAL AND EMOTIONAL FACTORS
IN POLIOMYELITIS

DIAGNOSIS OF POLIOMYLLITIS CARRIES
WITH IT A SUPER EMOTIONAL CHARGE
Unpredictability of outcome 1n the acute stage arouses anxiety in
the patient and patient s famly
Element of contagion causes
Patient concern about other members of family
Famly concern about o!her members
R of neighborhood and
Widespread dramatzation of disease by press radio television
Serves to arouse guilt i parents regarding observation of

publicized precautions
General 1dea of either p severe cnpphing
or death
Feeling of shgma arsing from erroneous 1dea on the part of the
pubhc that of pol d with

quate personal and household hyglene bstandard
living conditions
Finanaial worry

The Medieal Social Service Worker can act as a bndge between the
anxious family and the busy physician 1n establishing rapport and detecting
social situations which may mfluence the patients and families acceptance
of the medical program of management. Proper du-ecuon and utilization of
social service activities by the ph will frequently help and
redirect the senous 1 and social gt of this disease Effec
tive execution of home care planning and follow up depends on early and
consistent medhcal socal service coordmation
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2 Abduction Using the same holds take the arm out to the side to a
90° angle

4

3 Rotation Place the arm 1n abduction and flex the elbow to 90° Mam
tamn this position of the shoulder and elbow and take the hand back
toward the bed Then move 1t forward m an arc toward the bed

Rty bt
n
___4 B
ELBOW

1 Flevion and Extension Hold at the wrist and flex the elbow brngmg
the fingers to the shoulder then straighten the elbow

2 Supmation—Pronation Hold the elbow fleved to 90° Then tumn the
hand so that the palm 1s toward the face and then tum it and
around toward the feet

WRIST
1 Fleuon—Estension Hold the elbow fiexed to 90° and then flex and
extend the wrnist
2 Abductron—Adduction With the elbow flexed to 90° move the wrist
medially and Jaterally

FINGERS
1 Flevon Flex the elbow to 90° and hold at the wrist to keep 1t from
moving Place your other hand over the dorsum of the fingers and
curl them down mto the palm Each of the three jomts normally
goes to a night angle

—J

2 Extension Using the same positions straighten the fingers
3 Abduction Spread the fingers apart and then bring them together

THUMB
1 Flexon Bung the thumb across the palm of the hand to the base of
the little finger
9 Estension Bring the thumb back to a nght angle with the palm
3 Abduction Bring the thumb directly forward from the forefinger
4 Opposition Touch the tip of the thumb to the tip of the httle finger



EMOTIONAL PROBLEMS
ASSOCIATED WITH EXTENSIVE PARALYSIS
OR RESPIRATORY INVOLVEMENT

Disturbmg emotional attitudes are usually natural transitory and
mely pathological mnsxdenng the patient, the disease staff
and the

REACTIONS AT ONSET
Severe anxiety apprehensxon and fngbt
C and a true del
Stupor or extreme somnolence resemblmg a coma

REACTIONS IN THE POST ACUTE AND CONVALESCENT
PHASE
A shock bke unawareness of seventy of llness
Passivity and 1nattentiveness
Negatiism dependency
Emotional lability ready laughing and crying mght terrors
strange dreams
Gult feelings leading to self blame or pumshment as the
cause of the illness
Gult feehngs leading to resentment or open hostility to staff
and family usually verbal

THERAPEUTIC IMPLICATIONS
The patrent should feel that he 1s recerving the best possible
care so that every effort must be made to provide st Proper
of v if needed sndicates
qmte objectively the competence of the staﬂ’
¢ d the normal 1
illness and the need for them Include the famxly 1 this
understanding
Maintamn a consistent optimustic but realistic approach to the
patient and family from the onset of the disease w discuss

g s cond the and the prog
nosis Tune exposure to other pauents sumlarly mvolved
and truthful mf; lead to early establisk of the

healthy attitudes permitting the best possible Lhfe under
the crrcumstances




94

SIGNIFICANT SOCIAL AND EMOTIONAL FACTORS
IN POLIOMYELITIS

LONG TERM HOSPITALIZATION
F and derable 15 required by the family

durmg the 1solation period

Small children frequently fear they have been deserted by famidly

Prolonged hospitalization places stram on family relationship

Sacnficing of privacy 1s difficult for some patrents mn the communal
type of lnmng found m the hospital

Financial hardships if farmly wage earner 1s the patient

Care of home and children 1f housewife 15 patient

Narrowing of mterests with attention focused on physiological
functionng results m an ntroverted patient

Illness resulting handicaps and long term hospitalization accentu
ates any pre existing fanlty personality structures m patient
and members of famly

PHYSICAL IMPAIRMENT
Inabihty of patient and /or members of famly to accept the mevit

ahility of some degree of physical handicap
Need for adjustment to new w1y of hfe unposed on patient and

famly
Relatwves frequently become over protective toward pahent
Conflict m patient around d dency vs 1ndep

Specral adaptation of home and physxcal environment—
Coordination of commumty resources
Lack of resources

Change or modification of vocational goals

Attitude of employers toward handicapped mdividuals J
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realize that the patient s hostlity 15 not really personal but only sympto-
matie of a general feehng The patient should recerve friendly understand
mg and clear direction by the staff He must have the opportumty to “talk
his feelings out ” This 15 usually all that 1s necessary
Followmg this mitial period after one and a half to three months a later
emotional disturbance may develop It reflects the ngorousness of the treat
ment program the honesty of staff attitudes the speed of recovery and the
patients of 2 prog dicated by exp 1o others lar)
handicapped This penod 1s ch d by mental dep with
drawal and lack of interest or cooperation It indicates that the patient has
begun to appreciate the meamng of his physical meapaaity the length of
the required treatment and the sigmficance of hus illness m his own and his
famly s hives This may be thought of as a protective “buffering” reaction
smee 1t really indicates us efforts to face the illness and to struggle with a
rearrangement of hus Iife Thus there may be tunes when indicated medical
procedures need to be adjusted to the emotional readiness of the patient
Careful groupmg and rearrangement of patents 15 often advantageous m
promoting better msight It 1s most important at this time to expose the
patient to duals who have completed h 1 who are home
and living successfully within sumlar handicaps
Occastonally a staff member becomes alarmed and feels that thus 1s an
abnormal reaction and a psychotic episode However it 1s usually an ex
pected occurrence which requires a non entical attitude and staff accept
ance so that time and association with others plus emphasis upon what the
patient has phshed will prove beneficial
Unf: ble farmly bek their probl and 1 d
durectly affect the patients condition and his recovery It may be possible
to understand the patient only after considenng what 15 happenng to hus
fammly
Undoubtedly patients who were emotionally msecure before illness have
an unreliable personality structure with poor family and j0b relationships
They will demonstrate acute aggravation after severe poliomyeliis None
theless most patients follow a better course and manage to surmount physi
cal handicap and resume a useful Lfe
The patients motivation for recovery 1s encouraged by any return of
upper extremty muscle power which can be used m self help achivitres
such as feeding wniting typing etc This comes about most xeadily with
good general medical and physical medical care from the begmnmng It
should mnclude friendly natural d the gradual of
personal responsibiltties and constructive staff attitudes and assistance
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Recogmze the emotional components of severe fatigue and
stress from inpudicions management or intercurrent com
plications of a med:cal nature Bramn damage only oceurs
n the patient compromused by asphyxia and anoxna Dam
age from such episodes seriously Lumts the recovery of the
patient and requres hmtation of activity goals for any
mmprovement

Regularly encourage the patient to talk about anmehes fears
and dissatisfactions to a  neutral” person who 15 not dt
rectly mmvolved m the treatment program

Recogmze the effect of staff attitudes upon the patient and
that a medical staff must sample the gratification of suc-
cessful treatment

PRESERVE THE INDIVIDUAL PATIENTS DIGNITY AND
FEELING OF INTEGRIT!

It 15 normal for an ndividual to expenence anxety when confronted with
a cnsis Since severe poliomyelitis 1s 2 major catastrophe severe anxiety
should occur In some patients mvolvement of the bramn stem by the disease
may enhance the anxiety state

The treatment members of the medical “family” should be able to recog
nize those mdividuals whose personality structure 15 sound enough to nde
through these natural reactions On the other hand they should be alert
to the excesswve or protracted responses and mappropriate behavior whick
may mdicate mability to cope with physical handicap This latter group of
patients and their families should recewve every effort of the entire treat
ment staff and much more than perfunctory assistance if disaster 15 to be
avorded

These reactions to illness are indicated m different ways Most patients
express hostility toward others_the members of their family other pationts
1 the ward and frequently the staff and the therapeutic regimen
hostiity 15 usually verbahized except when an occasional patient is s0
severely 1nvolved that speech 1s impossible and he must resort to the most
pnmitive achivities such as voluntary solling and wetting A few patients
contam their hostihty within themselves and only outwardly indicate its
eustence through marked passivity and failure to show xmprovement

Everyone concerned with the care of such patients should recogmze that
this 1s not a permanent nor a pathologreal state even though it 1s 2 trymng
one Tt 1s easer for the medical staff to cope with such behavior if they
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THEORETICAL COMPONENTS OF BODY FUNCTION

IN HEALTH
NORMAL NORMAL
RESTING ACHIVE
#1Taatesssily EMERGENCY AL
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The bar graphs crudely llustrate the dynamic situation i which carac
ITY FOR PHYSIOLOGIC WORK 15 the maximum ability of the person to perform
a particular function eg i} 1t
etc DEMaND represents that proportion of the capacity whichis utthzed m
the energy expend quired by the p lar activity

As a primary hypothesis 1t seems Lkely that an ;ndividual s capacity for
physiologieal work of a particular kund normally exceeds any demands
which are put upon 1t In the case of breathing quiet respirations wmyolve
rummal and most efficient energy expend for the work lished
The amount of work and the cost m energy can mcrease tremendously upon
demand In an emergency energy output can even temporanly exceed oxy
gen supply by virtue of anaerobic metabohsm The range through which
mcreasing work output extends can be considered the reserve for meeting

ordmary demands or sudden extreme needs occasioned by unosual actvty
stress and disease
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POST-ACUTE AND CONVALESCENT
TREATMENT OF POLIOMYELITIS

IMPORTANT CONSIDERATIONS IN THE CONVALES-
CENT PHASE OF TREATMENT

The goal of convalescent care 1s to attam the most useful function of
which the patient 15 capable ® This 1s reached by safe scheduling n which
the physical activities required by the treatment program are balanced
agamst the patients tolerance Practically the attamment of this delieate
balance throughout the recovery period 1s the largest problem m reha
bilitation

Positive prescription of treatment in convalescence 1s most difficult
Treatment 1n the acute phase 1s naturally suggested by the vivid alterations
1 body function which rapidly develop at the onset In contrast the partal
or complete recovery which occurs subsequently may take months or even
years The gradual nature of recovery processes makes evaluation of the
patient mcreasingly intricate and treatment needs less sharply defined
Complications also tend to be mnsidious and obscure

Any realistic program places mereasmg physical demands upon the p3
tient The muscular component 1s readily apparent but simultaneously
demands are placed upon other body functions which are not so clear but
which may be of crucial ssgmificance Recogmtion of these factors 15 amplied
m the caution of expenienced clmicians to “avoid fatigue Fatigue 15 28
unrehable guide to proper programing simce 1t reflects not only a physio-
logical compromise but m addition a poorly understood and relatively

1l 1
S

hol

For these reasons a theoretical framework has been devised to define the
principles which appear to be important chimeal precepts for the safe con
duct of the severely mvolved and are useful 1n the optumum management
of the majonty of the patrents

Resprrator patient experience has undoubtedly emphasized 1n the ex
treme the prmeiples and the more reliable observations which bear upon

this most complicated situation

——
Useful is 1ot necessarily the most achve function possible
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THEORETICAL COMPONENTS OF BODY FUNCTION

IN HEALTH
NORMAL NORMAL
RESTING ACTIVE
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The bar graphs crudely illustrate the dynamue situation m which carac-
ITY FOR PHYSIOLOGIC WOEK 15 the maximum ab\hty of the person to perform
a particular function eg
ete DeMAND represen!s that pmpomon of the capaaity which 15 utihzed 1
the energy exp d by the p: lar actwity

As a pnimary hvpothess 1t secms hkely that an individual s capacity for

)! 1 work of a kind ly exceeds any demands
whxch are put upen it In  the case of breathing quuet respirations mvolve
mummal and most efficient energy expend for the work
The amount of work and the cost 1n energy can mcvease tremcndﬂusly wpon
demand In an emergency energy output can even temporanly exceed oxy
gen supply by virtue of anaerobic metabohsm The range through which
ncreasing work output extends can be considered the reserve for meeting
ordinary demands or sudden extreme needs occasioned by unusual activaty
stress and disease
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THEORETICAL COMPONENTS OF BODY FUNCTION
IN DISCASE
ACUTE PHASE

DECOMPENSATED
PATIENT

emerceNey (e g T

RESERVE T
‘7 / 2
7Ly

DEMAND = CAPACITY

ASSISTED CAPACITY

A ASSISTANCE
COMPENSATED [
TR ERY ) R
% CAPACIY
R4 DEMANDS Los e,
£ ’ ——— |V 7

R,  REDUCED DEMAND PLUS ASSISTANCE TO REDUCED CAPACITYL

‘The wsult of a disease such as poliomyehitis reduces many of the bodys
capacities e g respiratory muscle paralysis decreases breathing capacity
‘When the reduction 1n capacity 15 severe the demands of basal actvity
may exceed the maximum effort which 1s possible In the face of unavord
able demands upon madequate capacities immediate correction must be
made to prevent ureversible damage and death There are three measures
which are generally employed (1) Reduce demand to the most basal state
which can he obtamed (2) supplement or substitute for inadequate func
tions where possible eg, artificial respiration (3) attempt to comect
unswtable or harmful body responses eg severe hypertension hypoten
sion, etc These principles are easdy d rated m the treatment of
severe respuratory zmp'urment and other vital nevromuscular involvement
The decreased capaaty of body functions such as circulation metabolism
and even psychologic activity may be much Jess obvious

To some extent such considerations apply to most bodily actvity
greater OF lesser degrees depending upon the constitution of the person
and the magmtude of the msult

The bar graphs illustrate the role of reduced d d and or
substitution 10 the preservation of hife sustaning capacity
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THEORETICAL COMPONENTS OF BODY FUNCTION
IN RECOVERY FROM DISEASE

RECOVERY QUOTIENT
Capacity + Assistance )l

Demand

WORK TOLERANCE

Notmal

Ponts of
EXCESSIVE DEMAND

Patient.

CAPACIT Y —mrm————

Mitimam - Moxmum
RATE AND EXTENT OF WORK

PATTERN OF RECOVERY GUIDING ASSISTANCE
AND_ DEMAND

RESERVE

se TIME

In contrast to the normal person a patients tolerance to work demand
1s not only lower because of a reduced capacity 1n disease but as the extent
and rate of work mcrease a further reduction may occur For this reason
the pomt of excessive demand which rep gency physiol 1
compensation and a marked dechne m capacity may be easily exceeded m
the patient If recovery 1s to proceed without physological compromise
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the patient s capacity and the assistance which can be afforded him must
always exceed the demands placed upon lum The Recovery Quormnt
expresses this relattonship which 1s the guding prmeiple of convalescent
care for the severe poliomyelitss pahient 1m vxrtually all of 1ts phases Puhal
recovery of capacity on the other hand d ds upon the p

mcreasing challenge of work which should be ruumal at first then grad
ually mereased to the pomnt beyond which there 1s no further development
of capacity In a smlar fashion assistance can be gradually decreased and
elimmnated 1n some or retained m others 1n order to permit modest useful
work output
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PRINCIPLES OF CONVALESCENT CARE

Recogmze decreased capacity for work of any kind

At first decrease the need for energy expenditure to the lowest
possible level

Provide physiologic assistance where possible to prevent excesstve
or unavordable demands from njunng the patient

Err on the side of since of demand
are usually too low

Provide and protect reserves by assistance m the phase i which
mcreasing work 15 used to sumulate the development of addi
tional capaaity

Ob ly these les become 3} p when the
residual effects of the disease are more extensive They are realistic an
1 derations for the safe at of modest 1

functional goals m the severely mvolved patient These goals are directly
dependent upon the energy requirements of sumple acts For such reasons
complete ndependence from some form of artifcial respiration m some
stances may not represent the best goal All too often heroic efforts at
completely unaided respiration may prevent the patient from performing
other more useful and mmportant activities such as feedmg self help ete
Likewse the patients strong motivation for the lugh energy expenditure
activity of walking may have to be redirected m a more realistic direction
consistent with hus capacity

For the less severely mnvolved patient these principles pomt up the grad
ual nature of recovery of muscle function muscle hypertrophy which results
from increasmg usage and the value of mtially protecting the patient
agamst excessive activity Without question one cannot 1gnore the broad
needs of the patient whose disease and recovery processes mvolve more
than muscular contraction
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GENERAL PLAN OF
POST ACUTE AND CONVALESCENT TREATMENT

& 1 Phase M prmanly by Physiatne aed
Orthopedic Services with close mtegration and understand
mg of aims by all personnel
Prepare for Motion

Relieve pam

Release tightness

Support weakness
Coordinate and strengthen

Muscle evaluation

Muscle re education

Stretching

Assistive and supportive apparatus
Increase Function

Functional testing

Functional activity and traming
Reconstructive Surgery

Balance musculature

Stabilize jomts

Release contractures

Prevent deformities

Correct eusting deformities

Until hime proves otherwise treatment 1s conservately planned on the
assumption that complete muscle return wall occur The patient should be
penodically evaluated from all aspects physiologically socially psycho
logically nevromuscularly vocationally for the purpose of mcreasing
decreasing or contmumng his program as indicated The rate will be deter
muned by the patents resp without us physiologacal
reserves or lus lo skeletal sy

The ultimate success of the program 1s determined by the orgamizations

capacaity for ndefinite follow up observation and care
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CAUSES OF MUSCULAR WEAKNESS IN POLIOMYELITIS

DIRECT VIRAL INVASION
MOTOR NERVE CELL
Permanent destruction of the motor nerve cell wath subsequent
atrophy of denervated muscle fibers

Temporary and reversible imparrment of nerve cell function
which leads to altered muscle activity
INTERNUNCIAL NERVE CELLS OF THE SPINAL CORD
Permanent distuption of all but two neurone spnal reflex ares
terruption of the final pathway of descending tracts which
synapse with internuncials and elmmation of cross connec
tions of segmental reflex arcs
Reversible and temporary damage
SUPRASEGMENTAL NEURONES
Generalized hyptoma of central ongmn as seen m encephaltic
forms
INDIRECT CAUSES OF WEAKNESS
EARLY
Reflex inlibition of muscular actvity due to pamn
Impaired muscle cellular function from nutnitional and meta
bohe disturbances eg alkalosis hypokalemua ete
Hystena associated wath poliomyelits
LATE
Insufficient exeraise as 2 result of immobihzation
Excesstve activity or over stretching of a weakened muscle
Persistent imtation of motion due to contractures and shorten

ng
Habitual and \; bal:
P reflex mhub of lar actvity as a result of
Tonged and d actwaty of ]

or al m the propnocep nervous h of
tendons and muscles which regulate reflex activity
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The most frequent and unmodifiable cause of muscle weakness 1s the
result of mvasion of the nerve cell by the virus of poliomyelitis Persistent
weakness 1s due to death of the motor nerve cell and subsequent muscle
fiber atrophy When the destructive process 1s extensive enough to elimmate
the majonty of the motor umts comprising a muscle flaccd paralysis with
absent tendon reflexes 1s observed Climical evaluation of this spmal cord
process 1s mexact Apparently a considerable number of moter umts can be
mactvated before chinical evidence of weakness appears Grades of weak
ness canrot be directly related to the extent of motor nerve cell destruction

The other causes of weal are mtermingled and probably occur m
various combmations They can contnbute 1 various degrees to the acute
symptoms and must account for some of the remarkable recovenes observed
which clearly cannot be 2 result of reconstitution of the motor cell popul
tion Muscular weakness resulang from mdirect causes may recover spon
taneously or require proper therapeutic measures from onset for the
preservation of muscle power
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MANUAL MUSCLE TESTING

EVALUATION OF INDIVIDUAL MUSCLE STRENGTH BY
THE USE OF MUSCLE ACTION, PALPATION, GRAVITY
AND MANUAL RESISTANCE

USEFUL FOR
Diagnosis  Presence pattern and extent of muscle weakness
P Area of mvol

Rate of progression of weakness

Magnitude of loss of muscle power

Rate and extent of recovery
Treatment and 1ts evaluation n

Muscle re-education

Assistive supports and sphints

Permutted funchonal actmty

Reconstructive surgery

GRADING (Lovett system—the basis for most present day grading }

100% Normal Complete range of mohion agamst gravity with
full resistance (A normal muscle regardless of age
budd occupation etec has a resthent (springy)
feeling when resistance 15 apphed )

75% Good  Complete range of moton agamst gravity with
moderate resistance (A GOOD muscle will play
out when resistance 1s applied )

50% Fair Complete range of motion agamst gravity

25% Poor Complete range of moton with gravity elun
mated

10% Trace  No moton of the part but contraction of the mus
cle or tendon 1s felt

0% Zero No motion or contraction present

Physiczans will find 1t valuable to be famihar with general group muscle
testing for d and pl. the program (See General
Evaluation of Muscle Strength) but usually rely upon the skill of the
physical therapust for a detailed muscle exammation In the diagnostic and
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acute stages of poliomyehtis a quick general evaluation of muscle strength
1s sufficient so that the patient 15 not unnecessarly exhausted Poliomyelitis
especially m the stage of progression 1s characterized by asymmetncal
weakness mvolving muscle groups around the same spmal segment

After the patient has been afebnle for 48 hours a detailed muscle test
1s 1 order It 1s recogmzed that muscles perform i groups and that ther
actions are overlapping Nevertheless no two mauscles have evactly the
same action and no motion can be performed normally without all of 1ts
muscular components With good knowledge of muscle functon careful
positioming and observation the strength of each muscle can be differen
tiated and a treatment program mstituted
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GENERAL EVALUATION OF MUSCLE STRENGTH

The followng procedures may be done n five minutes or less for general
detection of weakness 1 muscle groups Muscles wll appear to be weak or
flacaad 1f there 15 pain or shortening mn the antagomist Range of motion
should be checked passively so that an erroneous picture of weakness 15
not obtamned

Resistance 15 given Just to the point where the muscle gives A normal
muscle—regardless of age weight etc—has a “spring back feelng while
weak muscles play out with resistance

If the patient 15 unable to move the past nto the desired position the
muscles are probably weak, but not necessanly flacaid Assist the motion
and ask 1f the patient can hold 1t Observation and palpation of muscle
bellies and tendons 1s valuable throughout

COMFPLETE CHECR IN THE SUPINE POSITION

STERNO CLEIDO MASTOIDS (and accessory neck flexors) and
ABDOMINALS The patient raises the head and shoulders up from
the bed and looks at the feet Resist the head and palpate the ab-
dommals (Note this 1s often difficult or mmpossible with increased
tonus of the erector spinae Abdominal strength can be estimated by
palpation dunng forced expration as m coughimg or by resisting
leg rasing )

«

ERECTOR SPINAE (cervical thoracic and lumbar) Place your hand
under the patients head and have hum hold down while you try to
raise him up Patient should be able to hold the back ngid with mus
cles of 70% and above strength (Note thus 1s not a very accurate test
simnce most patients have “increased muscle tonus” m this group A
more accurate measurement can be found with the patient n the
prone position )

O~

kS

SHOULDER Have the patient raise the hand and arm and point to the
celing Resist m four d and
adduction

1 Flewon ANTERIOR DELTOID CORACOBRACHIALIS
-
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2 Extenston LATISSIMUS DORSI, TERES MAJOR, POST DEL-
TOID

e

3 Abduction MIDDLE DELTOID, AND SCAPULAR ADDUCTORS
(MIDDLE TRAPEZIUS, RHOMBOIDS)

-6

4 Adductton PECTORALIS MAJOR

&
ELBOW Patient bends the elbow Resist 1n two directions and rotation
1 Flexon BICEPS BRACHII, BRACHIALIS, BRACHIORADIALIS

o]
2 Extension TRICEPS BRACHI

e—-

3 Pronation PRONATOR TERES, PRONATOR QUADRATUS Pa
tient turns the palm toward the feet resist i the opposite direction
4 Supination SUPINATOR BREVIS, BICEPS BRACHII Patient tumns
palm toward face resist i the opposite direction
WRIST AND FINGERS
1 Extension EXTENSOR CARPI RADIALIS AND ULNARIS EX
TINSOR DIGYTORUM COMMUNIS, EXTENSOR POLLICIS

LONGUS AND BREVIS
Have the patient extend the wrist and spread the fingers Resist

the fingers
(—

2, Flemon LUMBRICALES, FLEXOR DIGITORUM SUBLIMUS
FLEXOR DIGITORUM PROFUNDUS, FLEXOR CARPI RA

DIALIS AND ULNARIS
Place your fingers 1 the patient s hand have lum close s fingers

in a fist resist by tryng to epen the hand
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THUMB
OPPONENS POLLICIS ABDUCTOR POLLICIS LONGUS AND
BREVIS FLEXOR POLLICIS LONGUS AND BREVIS
Have the patient touch the tip of the thumb to the tip of the little
finger Resist by pulling the thumb and hitle finger apart (Note
for true opposition the thumb nail should be parallel to the palm )
HIP
Resist 1n four d il bd and add
1 Flemon ILIOPSOAS SARTORIUS RECTUS FEMORIS
Have the patient rasse the leg straight up from the bed. Resist
toward the bed (Note if the patient can raise the leg the muscles
are 50% or better )
A"

2 Extension GLUTEUS MAXIMUS HAMSTRINGS
Have the patient attempt to hold the leg on the bed while you
try to Lft 2t up (Note normally he should be able to hold it stff
and you should be able to bt hum as a umt up to hus upper back or

head )

T
3 Abducton GLUTEUS MEDIUS AND MINIMUS TENSOR FAS
CIAE LATAE
Place the patients legs in abduction have hun hold them while
you try to push them m This can be done well bilaterally

:x
2
4 Adduchon ADDUCTOR MAGNUS LONGUS BREVIS PECTIN
EUS
Have the pahent try to hold the legs together while you pull the
legs apart
o2
2
KNEE
Supyport the thigh m 20 to 40 degrees of fleon Resust extension
and flemon
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1 QYhADfBICEPS FEMORIS—The patient extends the knee resist at
e foot

2 HAMSTRINGS—The patient bends the knee and you resist the mo-

tion
O—"

FOOT, ANKLE, AND TOES
1 Dors: Flenon TIBIALIS ANTERIOR, EXTENSOR DIGITORUM
LONGUS, EATENSOR HALLUCIS LONGUS Have the patent
dorsiflex the foot try to push 1t mto plantar fleuion

2l
2 Plantar Fleion GASTROCNEMIUS AND SOLLUS The patient

pushes the foot down try to push it into dors: flexion (Note if ths
muscle gives because of weakness marked 1nvolvement 1s present.)

S

3 Inverson TIBIALIS POSTERIOR, TIBIALIS ANTERIOR Havethe
patient swing the foot down and m resist in the opposite direction

4 Eversion PERONEUS BREVIS AND LONGUS Have the patient
swing the foot down and out resist by pushing the foot 1n

5 Toe Extension EXTENSOR DIGITORUM LONGUS AND BREVIS
EXTENSOR HALLUCIS LONGUS The patient extends the toes
—resist toward fleuon

6 Toe Flewon FLEXOR DIGITORUM LONGUS AND BREVIS,
LUMBRICALES, FLEXOR HALLUCIS LONGUS AND BREVIS
The patient curls the toes and you try to open them
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OTHER USEFUL CHECKS IF THE PATIENT CAN
ASSUME POSITIONS
PRONE POSITION

1 ERECTOR SPINAE (CERVICAL THORACIC AND LUMBAR),
GLUTEUS MAXIMUS AND HAMSTRINGS Have the patient
rase the head and shoulders from the bed and legs if possible Re-
sist at the head and heels and check where the patient breaks
(Note at least 50% muscles are needed to do this without resist
ance )

ol v

2 MIDDLE AND LOWER TRAPEZIUS RHOMBOIDS AND POS
TERIOR DELTOID Arms m abduction—the patient keeps the
head on the bed and raises the arms up (Note 50% or better mus
cles are needed to do this } Resist at the wrsts

¢

¥

SITTING OR STANDING DELTOID, TRAPEZII, RHOMBOIDS
Have the patient abduct both arms resist at the wnists and view
from the back

4 +

STANDING
1 GLUTEUS MEDIUS The patient stands on one leg If the pelvis
drops on the opposite side (positive Trendelenburg) or the trunk
slnf:lsl to the same side there 13 marked weakness of the Gluteus
Medius
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2 GASTROCNEMIUS-SOLEUS
Have the patient stand on on¢ leg and nise up on that toe There
1s marked weakness if he cannot do this

A4

3 Have the patient squat down on the heels and nse to the standing
position without using the hands Children and young adults ean
normally do this but »f there 15 any weakness in the legs, parhicy
Jarly the QUADRICEPS, AND GASTROCNEMIUS SOLEUS, they
will Jose thewr balance or be unable to go all the way down

WALKING weakness or tightness of each individual muscle group i the
lower extremities and trunk causes a particular type of gait Usually this s
communicated to hip positon Watch for droppng of the pelvis shifting
of the trunk laterally antenorly or postenarly over the stance leg locking
of the knee on stance siappug of the foot New polios do not walk 1 hip
and knee flexion and 1t 1s alse anusual for them to walk stiff legged

Weakness mn the feet can be checked readaly bv having the patient walk
on the toes (view from behund) and walk on the heels (view from the

front)
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RATE AND EXTENT OF MUSCLE RECOVERY

Per cent chance of severely imolved muscles recovermg to
“Good” or “Normal” eventual strength * *

8
-3

NT CHANCE OF BECOMING
PERCE CO0D OR NORMAL

e

FAIR{3)  POOR(2) TRACE(} ZERO(Q)
INITIAL MUSCLE GRADE

Rate of muscle recovery mrespective of the mstial or final
strength ¢

73
00% UiEmate R ¢ ery

0% Wt UM act Streagen
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E) 6 B [F3 8
TIME FROM ONSET IN MONTHS

PERCENT OF ULTINMATE RECOVERY

Tt s apparent that the patter of recovery of muscle streagth 1o paralytic
patients who have had adequate treatment may mclude muscles which
recover and those whch do ot A muscle which 15 “Zero” from onset and
remans sp three to six months may be classified as a non recoverable mus
cle In spite of this flickers and traces of muscular actwity often appear at
a later time but are seldom of sufficient strength to becowe useful without
the aud of elaborate assistive devices Such traces of movement 1 the upper
extremities may make the patient more wdependent 1 self help
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of eating, wrnting etc through the use of special assistive devices In con
trast trace strength in the lower extremities 15 msufficient for weight bear
mg and walking

Recovenmng muscles increase 1n strength at a definite rate urespective of
the imtial and eventual power Fifty to seventy five per cent of the recovery
occurs 1n the first three to six months after onset with Lttle significant m
crease 1n strength occurnng after one year The steps of the recovery curve
may vary for the mdividual patient Infants, for example seem to recover
slowly but often make exceptional improvement m strength

On the other hand mmprovements i the functional use of these muscles
m actvities such as eating, walling etc, will not necessanly parallel the
merease m test strength Through practice m developing better coordina
tion and endurance, functional abilities can 1mprove mdefimtely after staby
lization of muscle strength has occurred

Muscles which show some power on first exammation will almost always
merease m strength unless they are overworked, 1n which case they may not
improve or may decrease n strength The mcrease 1n strength 15 vanable
for the individual patient or individual muscle but nonetheless a prognostic
pattern 1s present Muscles which are graded Good will usually return to
a Normal grade (This isnot a preillness Normal but merely a clmeal
test grade of Normal”) A muscle graded “Poor plus (30% test strength)
mtially may not return to “Normal but 1t has an excellent chance of be-
coming functionally useful Muscles graded “Trace (10% test strength) and
“Zero” have hittle chance of attammng a functional grade (See figures
abave )

In evaluating the prognosis for an imdividual muscle 1t 15 useful to con
sider the status of other muscles mn the same spinal segment A Trace
muscle with Zero” muscles 1n the same segment has a poorer prognosis
than if the other muscles m the segment are of Poor and “Far classifi
cations

The most important value of these muscle recovery prognostic guides lies
sn onienting the patient and family early m the treatment program toward

ble expectations and safe fi 1 goals and n planning and
carrying out the most effective treatment program An indrvidualized pro
gram will go through preventive and restorative phases penods of adjust
ment and stabilization times of 1ntensive therapeutic activity and eventu
ally require a follow up schedule for maintenance The most important
consideration m arrangmg the treatment program 1s the tume of the changes
and the orientation of the patient as to the reasons for changes T reatment

t d ! the
modifications and expectations for 1mp are dep on
present strength of the mvolved muscles the general state of health of the
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patient lus age the rate and extent of recovery which has already occurred,
together with what may be predicted from the extent of paralysis

\{ of the and actvity p 1S necessary at regu
lar intervals and 1s particularly important when the rate of recovery seems
to decrease or there 1s no mndication of progress This may mdicate that the
program 15 too strenuous the patient 15 over using a muscle group or the
treatment recommendations are not being followed A plateau may mean
that maximum recovery has been reached As mdicated m the lower figure
the crucial ime for correct treatment schedules lies m the first nine months
of the recovery period Dunng this time 1t 1s quite easy to overwork the
patient and mhubit development of potentral strength or actually cause loss
of strength If this situation 15 not corrected or has been permitted too long
the chances of recovery are markedly dummshed.
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PROCEDURES USED TO INCREASE MUSCLE
STRENGTH AND COORDINATION

MAXIMUM RECOVERY OF BALANCED MUSCULAR
ACTIVITY REQUIRES CONTINUOUS ATTENTION

INITIALLY PROTECT AND COORDINATE,
THEN STRENGTHEN

Protect Weak Muscles by Avoiding Continuous or Purposeless
Activity
Bed rest
Support weak muscles from continuous stretch
Lt phvsieal activity
Utilize Splints Which Assist Function and Prevent Substitution
(See Assistive and Supportive Apparatus Page 123 )
Institute Muscle Re education
Retramn  proprioceptive mechanmism”~awareness of the dynamic
posttion of muscles jomts and entire body members
Increase muscle power
Achieve and strengthen coordinate patterns of motion
Prevent Substitute Action of Strong Muscles for Weak Ones—
Leading to Imbalance and Deformity
Do Not Over use Weakened Muscles (over use produces progres
sive mcoordmation—development of faulty motion patterns
and loss of power)

LATER (3 to 9 months) SELECTIVELY STRENGTHEN APPRO
PRIATE MUSCLES BY HYPERTROPHY TO
Comp for 1 hal
Obtain maximum strength for useful work or appropnate sub
shitute activiies

Obtam maximum endurance m function

As pamn and soreness subside passive range of motion 1s established Then
a program of re educaton of the muscular system 1s started This consists
of progressively increasing the work of the muscle by manual assistance
changes m the amount of fnction upon the part being moved increasng
the work of the mdividual muscle aganst the effect of gravity and resist
ance or utlizing cortical patterns of motion to gan overflow from strong
to weak muscles The patient 15 not allowed at any time to produce jerky
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motions or utilize other than the desired muscle or muscles These pnnci
ples are accomplished most effectively by the physical therapist Careful
employment of auxiliary ards such as hydrotherapy shg suspension and
counterbalancing weights may assist the physical therapist 1n attamung the
desired end result

Many systems of muscle re-education have been developed and advo-
cated Umformly good results appear to be a consequence of meticulous
attention to the details of a single method and utihization of 1ts aspects 1n
the proper degree at the mdicated tirme and place by an experienced thera
pist
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RANGE OF MOTION

PURPOSE

USE

PROCEDURE

To mmumize fibrosis and contracture 1 muscles
tendons fascia and jomts which occur from
immobilization habitual position or muscle
mmbalance

To mamtan and ncrease the present range of
motion

‘When active motion of all jomts cannot be per
formed by the patient as in muscle paralysts
Or unconscIousness

Support the part firmly

Move the part just short of the pomnt of pam
through 1ts full range 1f possible

Repeat each motion three to five hmes at least
once daily

Range of motion need not be done as a complete and separate procedure
once the routine 1s learned It can be accomplished on an extremity or jomnt
at a time durmng routme care such as the bath taking of blood pressure
and changing positions In acute pohio the muscle bellies are sore and ten
der For the patients comfort he should be handled and moved at jomts
and bony prommences with the flat of the hand See Joint Range of Motion
{pages 90 92) for speaific motions
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STRETCHING

PURPOSE To mcrease function and to prevent or mmmize de-
forming factors
PROCEDURE
Precede stretching with heat when effective
Stabilize to prevent undesired motions
Use a short lever arm 1n order to apply force close to the axs
of the joint and thereby control the motion
Gam rel of the by ot the patient's co-
operation
Move the part towards its normal range of motion to the pa
tients tolerance (not the physical therapists)
Encourage active particrpation on the part of the patient when
ever possible
Avoid overstretching weak muscles
Eval the 1 value of
flail shoulders trunk and hips

plete range of motion 11

full 1

A stretch must be d as to ats oby; 50
'hatlthe best use of time and techmques produce the desired functional
‘esult

There should be no compromise n gaining normal range of motion i the
liopsoas and iliotibial bands or mn mamtaming symmetry of the back
Even though 1t may be decided not to stretch the erector spmae antenorly
ateral flexon and rotation of the trunk must be kept symmetneal. Trunk
nusculature of good and normal strength must be stretched to mormal
range m all of 1ts components particularly 1 chuldren

In the severely mvolved patient normal range of motton 1s not always the
desired end result 1n certain Flail shoulders should be hed
completely m rotation but only to 90 1n flexon and abduction This 15
sufficient to allow dressing and the use of shngs and feeders On the other
hand supernormal 1ange of motion may be needed 1 the lower extrermties

when they are to be used to replace non enstent hand functions e
g and telephoning with the feet g e
1f stretching 1s utihzed effectiye]

y 1t need not be a traumatic expenence

A psychological Block to the whole treatment program may occur with

overzealous str:lz!chu:% The mtial time required m ganng the patients
peration an 15 ob ly jushified by a supenor end result
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Prevention and dynamic positiomng are often more effective and desir
able than stretching to maintam or gain a range of motion

If fixed contractures have occurred, manual stretching and positioning
may be meffective and surgical release may be indicated with shortening
of the 1hotibial bands tendo achilles ete
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ASSISTIVE AND SUPPORTIVE APPARATUS

PREVENTIVE SUPFORT IS MORE DESIRABLE THAN
CORRECTIVE MEASURES

ACUTE PHASE Used to mamntain normal skeletal ahgnment
Utihze readily fitted comfortable easily obtamned temporary
supports and splints
CONVALESCENT PHASE Used to assist function and to prevent
deformity Unlize dynamie splints and braces The smtability
of these splints must be reviewed pertodically since changes
replacements or elimmation are dictated by smprovement in
function
Assist weak muscles mn performing motions or to obtain mecham
cal advantage for functions e g the use of shng suspension
sprngs and rubber bands corsets and opponens sphnts
Elminate undesired motions which may lead to substitute ac
tion or deformities eg use crutches to mamtamn normal or
near normal pattern of walking

Stabihze weak body bers so that f may be gamed
eg long leg brace to mantan knee extension permitting
ambulation

Mantam good normal skeletal alignment until maximum bony
growth has been attamed C: lated surgical proced
will be more effective

CHRONIC PHASE Used to merease funchion endurance and to
mmmze deforming forces

Obviously the mndviduals age weight occupation actity
mterest and needs as well as the availability of suitable ap
paratus and 1ts cost dictate the various types of assistive and
supportive devices utilized

A close relationship must be mamtamned between the patient his appa
ratus and the physician always keeping mn mind that the patient 1s ever
changing 1n funchon and growth

Equp the patient with the lightest and smallest 2amount of mdicated
apparatus Weakness 15 net always an indication for bracing Deformung
muscle 1mbal. 1s an mnd for bracing A should never be

so b as to fere with the devel of actual or potential
function




INCREASING FUNCTIONAL ABILITY

EARLY
Teach normal patterns and actions, e g, use crutches to mam
tam normal relationship of parts in the walking pattern to
stimulate further recovery and balanced action
Work below maxmum tolerance of the patient

LATER (6 to 12 months) OVERDEVELOP RESIDUAL ABILI
TIES TO SUBSTITUTE FOR LOST MOTIONS—INCREASE
WORK DEMANDS
Increase proprioceptive awareness through repetitive practice
Increase strength of remamng useful muscle fibers by high
resistive exercises
Develop shill 1n substitute actions e g, moving from wheel
chair to bed using arms tying shoes with one hand
Utihize assistive devices where needed to merease function and
endurance
Develop endurance by repetitive highly resistive exercises and
skills to the pomt beyond which performance suffers
Utilize surgical procedures to restore motion stabilize and

elimmate applances

Useful functional achievement 1s the goal of all rehabilitation programs
The patient should be tested to determine lus independent ability to per
form ordmary dadly acts such as dressing brushing teeth, eatmg walking
clmbing stairs etc and a program for attamment should be outlned Goals
are based on the 1 pabilities the physiological ecapacity the
practical need for the activity and the patient s desire

Retrammg and substitution of residual abilires 1s sumilar to the program
of activity analysis and the develop of skull and end e used in the
tramng program for the supenor athlete




ORTHOPEDIC SURGERY
GENERAL CONSIDERATIONS IN POLIOMYELITIS

PREVENTION IS MORE DESIRABLE THAN CORRECTION!
ATMS
Prevent deformities of bony structures—of pnmary importance
for the growing chid
Restore or assist useful function
Elminate appl and app while function
Correct deformities

EMPLOY EXTREMELY CAREFUL EVALUATION OF THE
PATIENT IN ORDER TO INSURE THE EFFECTIVENESS
OF SURGICAL PROCEDURES

Effectiveness of surgical procedures depends as much upon the
functional capaaty to take advantage of the resu]t as upon
the perfection of the op eg ap

lant may be d
of extensor digitorum commurus function

The specific procedure used and the end result obtamed depend
wpon patient cooperation and the adequacy of follow up
care

Utihize accurate estrmations of bone age m planming surgical
procedures

Stabilization and fusion operations are performed to assist func-
tion mcrease stability correct associated deformities or elm
1nate the need for apphances

Tendon pl are used to sub for a lost function or
to redirect a deforming force

Transplants for motors should use muscle which has at Jeast
70% of normal strength

Proper \: of stablization and transpl may
achieve better function than either alone

d in the absence

These factors are presented to aid the physxcxan m understandmg the
tole of orthopedic surgery and to facil 1its at
most smtable ttme The Orthopedist must see the paheut early and follow
hum penodically and 1n some the entire
lus responsibility
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Early surgical mtervention almost always 1s concerned with soft tissue
surgery upon connechve tissue and muscle when conservative measures
such as reeducation stretching and splinting have failed to achieve man
mum function or adequately mmmize the effect of deformmg forces In
regard to the latter serous offenders wnclude the thotibial band Achilles
tendon and abdominal muscles

Modern surgical shill and facilities may allow a more desirable outcome
as a result of early mtervention



PARALYTIC SCOLIOSIS
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ETIOLOGY
Paralysis of the spinal musculature

CONTRIBUTORY CONDITIONS IN COMBINATION WITH

THE ABOVE

Continued growth and development of the vertebral column
after onset of paralys

Pelvic tilt as a result of unequal leg length muscular weakness
or contractures

Umnilateral lower extrermty foot knee or hip dysfunction

1

Unl. 1 upper P 1 association with spinal
mvolvement
Unequal abd 1 1 or dhaph paralysis
Persistent faulty body positioning due to weight bearmg espe
cally sittmg
TREATMENT

The purpose of treatment 1s the preservation of balanced trunk
motion m physical activities

The tedious and long continued measures which prevent this
victous deformity are hard to mamtam because results which
preserve the trunk are not dramatic 1f successful

Corrective apparatus such as corsets casts braces and traction
apparatus as well as supportive equipment such as crutches
are often necessary for prolonged periods

Facilities needed for adequate treatment and follow up usually
mclude physical medical or orthopedic surgteal services and
radiology

It 1s imperative to carefully observe the growing child with any
paralytic mvolvement of the spimal musculature at regular
mtervals The preventive measures which will forestall severe

v

dof, 1 1

g 1 respiratory and
L ment are successful only if started early
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Early surgrcal mtervention almost always 1s concerned with soft hssue
surgery upon connechive tissue and muscle when conservative measures
such as reeducation stretching and sphinting have failed to achieve man
mum function or adequately mimmize the effect of deformmg forces In
regard to the latter senous offenders include the iotibral band Achulles
tendon and abdomunal muscles

Modern surgical shill and facilities may allow a more deswrable outcome
as a result of early mtervention



PARALYTIC SCOLIOSIS

ETIOLOGY
Paralysts of the spimal musculature
CONTRIBUTORY CONDITIONS IN COMBINATION WITH
THE ABOVE
Continued growth and development of the vertebral column
after onset of paralyis
Pelvic tilt as 2 result of unequal leg length muscular weakness
or contractures
Umlatera! lower extremity foot knee or hup dysfunction

Unilateral upper m with spinal
mvolvement
Unequal abd 1] 1 or draph 1

Persistent faulty body positonming due to weight beanng espe

cally sithing
TREATMENT

The purpose of treatment 1s the preservation of balanced trunk
motion 1n physical activities

The tedious and long contmued measures which prevent this
vicious deformty are hard to mamtain because results which
preserve the trunk are not dramatre 1f successful

Corrective apparatus such as corsets casts braces and traction
apparatus as well as supportive equipment such as crutches
_ are often necessary for prolonged periods

il needed for ad and follow up usually
mnclude physical medical or orthopedic surgical services and
radiology

1t 1s imperative to carefully observe the growmng child with any
paralytic mvolvement of the spmal musculature at regular
mtervals The ptevenhve measures which will forestall severe
and latory embarrass

ment are successful only xf started early
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Faralytic scohosis refers to the pathological curvature of the vertebral
column as a result of paralysis of the spinal musculature Its pathogeness
15 a controversial subject Nonetheless, proper preventive measures have
greatly reduced the development of serious deformity

The treatment 1s specialized and requires a dedicated orthopedist or
physiatuist The details are beyond the scope of this page However the
factors mentioned are of sufficient general mportance so that everyone
concerned with the care of the patient must be alert to them and work with
the physician directing the selected specific treatment Whether special
corsets, partial body casts or other measures are employed the famuly must
be reassured continually that these measures are essential because failure
must be avoided at all costs and a good program produces little visible
results to them 1if 1t 15 successful



PRINCIPLES OF ANESTHESIA
FOR PATIENTS WITH POLIOMYELITIS

PREOPLRATIVE
Utiize premedication with munimal dosage of barbiturates and
atropme
A the Jation of secretions m any

patient with a hustory of bulbar involvement

Anticipate the tachycardia Iabile blood pressure and poor com
pensatory h of the resp y patient
Be d to treat hyp with P such as
Levofed ® (See page 56 )

Perform a “cut down” for mtravenous fluds and whole blood 1n
patients who are to have extensive procedures

OPERATIVE

Muscle rel 1s rarely d for the ly para
lyzed patient. Light general anesthesta 15 usually adequate
Most anesthetic problems are concerned with airway and
controlled ventilation

Local anesthesia 1s the anesthetic of choice for mmor proce-
dures and Caesarean sections when respiration 1s normal For

major p d d heal general i must be
used to 1msure contro} and adequacy of ventilation
Spnal thesia 15 d d 1n acute pohomyehtis and

probably also m chrome poliomyelitis especially for pro-
longed procedures

R 1] thesia 15 rarely adequate for the d surgrcal
procedures It also carnes the nsk of pneumothorax 1n bra
chial black or thoracie paravertebral block.

Avod itravenous agents which affect respiration (e g barbit
urates opiates and muscle relaxants) Use mhalation agents
which can be recovered from the body and thus permut
prompt recovery from anesthesia at the end of the operation
(eg mtrous-oxde ethyl yelop ) Cyel
15 the agent of choice for most procedures

Empty the stomach after endotracheal mtubation or at the end

of the to remove air ynad ly forced n dunng

L

positive pressure Remove lated gastnc
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secretions m order to decrease the nsh of vomiting and
aspiration
POST OPERATIVE

Utihize smallest effective dosages of post-operative analgesics

Besume preoperative program promptly

Partially weaned respiratory patients require several days of
tank respiration m the recovery period

Control gastro mtestnal distention

The conditions requining anesthesia commonly associated with pohomye
Litis mclude pregnancy (vagmal dehvery rarely Caesarean section), renal
disease (diagnostic studies such as cystoscopy and major surgery such as
pyelohithotomy or nephrectomy ) and orthopedic surgical procedures Non
respiratory patients are managed i much the same fashion as normal pa
tients with attention to the principles outhned

Respiratory patients should be transported to surgery in the tank respt
rator The engmeerng department should lay a special power cable at
tached to a protected power supply Use the tracheotomy if present for
controlled arbifical respiration and avoid intubation of the upper awway
For those patients without a tracheotomy use of mask arhficial respiratton
or the chest abdomen cuirass respirator will permut transfer from the tank
to the operating table Intubation 15 then performed with a cuffed endo
tracheal tube under esther topcal or cyclopropane anesthesia Controlled
or assisted Tespuration 15 necessary thereafter Transfer the respirator patient
back to the ward m a tank respirator

Generally with proper preparation and coordmation major thoracic and
abdomnal surgery can be carned out on the most severely molved polio-
myelitis patient
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FOR NEPHROLITHIASIS
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PREDISPOSING FACTORS
Bony demmerahzation leading to hypercalcuna ohguna nfec-
tion of the unmary tract umnary stasis and constitutional
factors In alkeline unines most stones are calcium phosphates
or oxalates

PREVENTIVE MEASURES (See pages 75 135 and 136 )

Masntain unnary dilution with large oral fuid mtake to obtam
unne specific gravity of 1010 to 1020 Three to four hters
of oral fuid may be necessary daily in adults

Mmu‘mze duetary calcrum mtake and avoid ennched milk and

'y vitamn Vitamm D

Uhhze senial urnalysis and unne cultures to permit effective
treatment of mfections should they occur

Detect radio opaque stones with serial abdommal plane film
radiography

Unnary solubihty of caleium may be mcreased by prophylactic
medication with Aspirm 1n dosages of 10 gramns three times
aday (Adolescent and adult dosage )

Include early mobilization m the therapeutic regimen with m
troduction of early physical therapy frequent changes m
body posihon and resume upnght posture by means of the
standing bed or tlt table

COMPLICATIONS

Uretero pelvic and ureteral obstruction by stones and sand
This condmon may be sxgna‘ed by dull flank or abdormnal
pam and vomutmng or
itermttent cohe Evndence for mfection may accompany or
follow obstruction and includes microscopic hematuna py
una fever and polymorphonuclear leucocytosis

ACU [E renal shutdown 15 a sequela of persistent urmary tract
obstruction

TREATMENT

Intravenous pytlograms are useful to indicate the functional
status of the ladney and estabhsh the site of obstruction
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secretions 1 order to decrease the nsk of vomting and
aspiration
POST OPERATIVE

Utihize smallest effective dosages of post-operative analgesics

Resume preoperative program promptly

Partially weaned respiratory patients require several days of
tank respiration i the recovery period

Control gastro mtestinal distention

The conditions requiring anesthesia ly d with poliomy
Iitis inelude pregnancy (vagmal delnery rarely Caesarean sechon) rep
disease (chagnostic studies such as cystoscopy and major surgery such as
pyelolithotorny or nephrectomy ) and orthopedic surgical procedures Non
respiratory patients are managed 1n much the same fashion as normal p2
tients with attention to the pninciples outhned

Resprratory patients should be transported to surgery m the tank respt
rator The engineermg department should Iay a special power cable at
tached to a protected power supply Use the tracheotomy if present for
controlled artificial respration and avord mtubation of the upper airway
For those patients without a tracheotomy use of mask artificial respiration
or the chest abdomen cuirass respurator will permit transfer from the taok
to the operating table Intubation is then performed with a cuffed endo
tracheal tube under erther topreal or cyclopropane anesthesta Controlled
or assisted respiration 1s necessary thereafter Transfer the respirator patient
back to the ward 1n a tank respirator

Generally with proper preparation and coordination major thoracic and
abdominal surgery can be carried out on the most severely mvolved polio
myelitis patient
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PREVENTIVE MEASURES AND TREATMENT
FOR NEPHROLITHIASIS

PREDISPOSING FACTORS
Bony d )i leading to hypercal ohguna nfec-
tion of the unnary tract unnary stesis and constitutional
factors In alkaline urines most stones are calcium phosphates
or oxalates

PREVENTIVE MEASURES (See pages 75 135 and 136 )

Maintam urmary dilution with large oral flurd mtake to obtamn
unine specific gravity of 1010 to 1020 Three to four liters
of oral fluid may be necessary daily m adults

Mimmize dietary calcium intake and avoid ennched milk and
supplementary vitamin preparations contammng Vitamm D

Utdlize seral urmalysis and unne cultures to permit effective
treatment of wmfections should they occur

Detect radio-opaque stones with serial abdomimal plane film
radiography

Uninary solubility of caleium may be mereased by prophylactic
medication with Aspmin in dosages of 10 grains three tumes
aday (Adolescent and adult dosage )

Include early mobilization 1 the therapeutic regimen with 1n
troduction of early physical therapy frequent changes
body position and resume upnght posture by means of the
standing bed or tilt table

COMPLICATIONS

Uretero pelvic and ureteral obstruction by stones and sand
This condition may be signaled by dull flank or abdominal
Taned abd 1 d

pamn p and vomting or
mtermuttent colic Evid for infe may or

follow obstruction and mcludes mucroscopic hematura py
una fever and polymorphonuclear leucocytosis
ACUTE renal shutdown 15 a sequela of persistent unnary tract
obstruction
TREATMENT

Intravenous pyelograms are useful to indicate the functional
status of the kidney and establish the site of obstruction
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Instrumentation may be necessary to dislodge stones or remove
them when spontaneous passage does not occur

Early indwelling ureteral cathetenzation by passing the stone
and permitting pelvic drainage and arrigation may be neces
sary to prevent renal shutdown

Surgical mtervention 1s mdicated if mstrumentation fails and
renal shutdown persists beyond twenty four hours 1 most
mstances

ALWAYS retrench respratory schedule 1n resprrator patients

Use whole blood transfusions 1f hemoglobm 15 less than 1112

gms
Specific antibiotic or chemotherapy 1s usually needed for m
fection

The most 1mportant consideration 1n ths problem 1 the prevention of
stones resulting from the mevitable hypercalcunia The most effective pre-
ventive measure appears to be the mamtenance of unnary ealerum dilution
with forced oral fiind mtake Prevention of secondary urmary tract infection
15 next 1 importance Infection 15 often the sequel of long standing ure
cathetenization This can be mmimized 1f removal of the catheter 1s begun
within the first tno weeks of 1llness Establishment of good general nutnt

tion active physical therapy and mobihzation with early resump
tion of the upright position are also necessary

In some severely bilized quadnplegic p preventive
may be wnadequate or impossible to obtamn In such patients who also have

mvol the: rent lications severely mter

T se p
fere with the rehabihitation program The physicran should always be alert
to thewr development and retrenchment m the breathing schedule must be
carrted out should they occur
In the expenience of the Center antibiotic and chemotherapeutic

agents indicated by culture of gram negative bacili in the urime and
pitro sensitivity tests mclude Chloromycetn® and Furadantm® Swtable
Josages employed 1n the adolescent and adult age range are

1 Chloromycetm®— 25 grams four times daily

2 Furadantn®50 mgm four imes daily

@ Chloromycetin 1 the brand name for chloramphenicol and is made avalable by Parke Davis

Detrott, Mich
: ﬁ';;‘é:‘;ﬁn i: theLbra:d pame for mtrofurantom, NNR and #s made avalable by Eaton
Laboratones Norwich, New York
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METABOLIC PROBLEMS IN THE POST ACUTE PHASE

QF POLIOMYELITIS

NUTRITIONAL DISTURBANCES

The severely paralyzed and immmobilized patient 1s prone to
1 10n because of mad calonc ntake m the

cnitical acute phase and faulty diet composition 1 the early
post acute stages

Tube feeding may be needed The child especially may need
tube feeding because of anorema Any patient may develop
severe with 1 disturb which are
sequelae of senous iiness

Obesity may be a problem m late convalescence because of
wactivity and excessne calonc intake A reduemg diet 1s
mdicated

Subcutaneous edema associated with severe protem depletion
must not be mustaken for body fat

Patients with severe malnutrition leading to a marasmic state
who have needed prolonged parenteral feeding tend to
develop gast 1 1ntols to vol oral feed
mgs and dietary fat.

Reconstitution depends upon tedious and gradual resumption
of both volume and caloric content of oral mntake

MUSCLE WASTING AND WEIGHT LOSS

Severe lar paralysis may be panied by body weight
losses of from 10 to 40% of pre-illness weight

Weight loss 15 unavoidable and requires no treatment except

to consider that “1deal” post illness weight 15 less than pre-
1llness weight and calonc are 1
reduced

Muscle 15 the largest swmgle mass of metabolzing body tissue Severe
extensive paralysis drastically reduces the muscle mass and body weight
The resultng alterations m relative body composition make the severely

paralyzed patient no longer comparable to the normal wdividual
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‘While the basal needs of the patient with extensive paralysis are normal
energy expenditure due to activity may be mmmal to normal A calone
mtake of 20 to 30% above estimated basal requirements appears to be ade-
quate for mamtenance of nutrition Obviously this depends upon the extent
of the patients functional loss and the consequent energy expenditures m
active rehabilitation

Obesity may be a handicap to the patient since 1t increases energy ex
penditure 1 functional activities In general climcal exammation and
frequent weighing can be used to detect weight gam due to obesity This
should not be confused with weight gam which may be associated with
return of muscle mass
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METABOLIC PROBLEMS IN THE POST ACUTE PHASE
OF POLIOMYELITIS

HYPERCALCURIA AND HYPERCALCEMIA

Hypercaleuna appears to be an mnvanable accomplice of para
lytic pohomyeltis within the first few weeks of illness It
may be of greatest m the completely bilized
respirator patient or the severely paralyzed adolescent

Hypercalcemia m excess of 14 to 15 mgm % concentration 18
dangerous Impairment of cardiac conduction renal damage
from calcinosis and disturbances of the mental state may
result

Oral flud intake should he forced to 3 to 4 hiters per day m the
adult patient so that urmary dilution of the excreted calamm
15 mamntamed below a concentration of 15 mgm %

Moderate dietary restriction of high calcrum mtake should be

hshed Avord mlk feed 1ce cream and foodstuffs
nich m caleim

Do not add vitamun D to the diet or use vitamn D ennched
milk products

Dehydration should be avoided

Acdosis should be prevented since this mcreases the serum
concentration of 1omzed caleium responsible for the damage
Mild alkalosis (artenial pH of 745 to 7 55) which 1s observed
frequently m the respirator patent may be beneficial

Standing active physical therapy programs and use of tilt
tables should be utilized although they may be of mdeter
mmnate value

IMPAIRED RENAL FUNCTION

Renal disturbances mclude failure of unmary concentration dur
mg urme concentration test elevated urea mitrogen and
calem  together wath artenal hypertension

Large obhgatory urme losses of body water may occur and must
be corrected by fluid intake

Renal inf 15 a frequent lae of long standing catheter
rzation and should be treated promptly (See page 132 )

Mobihization of the patient and early resumption of the upnght
posture favorably mfluences dranage of the urinary tract

Arterial hypertension should always be treated promptly since

1t usually leads to further renal functional 1mpairment *
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As muscle pull and activity are demed through paralysis the production
of new osteord tissue by the skeleton decreases and a negative mitrogen
balance results With the cessation of osteoid formation the absorbed cal
cuum 15 not needed In addition, normal osteolytic processes contmue and
make more caleium available for excretion These two processes as well as
other 1ll defined biochemmcal factors, combine to give severe hypercaleuna
and hypercalcerma When hypercalcunia continues altered renal function
may lead to failure of normal water and salt conservation by the kidney
Concentration tests reveal urme specific gravities of 1014 to 1018 m the
presence of chmcal evidence of dehydration

Rigorous dietary calcium restriction 1s difficult to mamtamn because ap
propnate diets are notably unpalatable This factor alone does not appear
to prevent hypercalcuria Mamtenance of large oral flnd mtake seems to
be most erucal especially to mimmize stone formation

Prophylaxis against renal damage 1s the keynote 1n the preservation of
renal function This should include the treatment of infectron and the
control of hypertension with the hypotensive drugs such as extracts of Rau
wolfia serpentina and the hydralazine dervatwves such as Apresolme ®

Although these problems are uncommon and develop mostly m the ex
ceptional patient with extensive muscular paralysis or severe chromic iliness
the chimetan should be able to anticipate and treat such complications

DOSAGE SCHEDULES FOR HYPERTENSION encountered m the
chronic stage of severe pohomyelitis
A Plan of Treatment
In general the best results are obtamed by early treatment of
hypertension with conservative drugs and dosage schedules Hyper
tension may accompany the msidious and progressive respiratory
msufficiency which can develop with very rapid respiratory wean
mg p and ph 1 activity Patients with limmted
respiratory reserve who have tolerance to several hours of unas
sisted breathing time seem particularly vulnerable to this com
phcation
Rauwolfia serpentina preparations or extracts may be used early
whenever the systohe blood pressure 1s observed to be consistently
elevated to levels greater than 150 mm of mercury 1n children and
adults or when the diastolic pressure 1s found to be 90 95 mm of
mercury or over m children and 100 mm of mercury or over in
adolescents and adults Also tachycardia 1s observed frequently

I
the brand of a hydralazine hydrochlonde compound iz 10 25 and 50
® Apreslme 8 e lably by the Giba Pharmaceutical Gompany Swmmit, New Jetsey

mgm. tablets ma
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Satisfactory dosage ranges are mven for the following preparations

any single one of which may be used

I Rawloid®-two 20 mgm tablets duly for 1 weel then one tab-
Iet per day on reting (Adolescents and adults )

2 Raudixn®—two to four 50 mgm tablets daily for 1 week with
gradual reduction to one tablet daily (Adults )

3 Serpasil®~one 025 mgm tablet daily (Adults )

Approumately one half of the foregong doses may be used for

chuldren 10 to 15 years of age The development of hypertension

has not been observed 1 younger children

If severe hy with phalopathy and papilledema has

developed without prior recogmition Apresoline® may be added to

Rauwolfia preparations after 3 to 4 days of treatment with the

latter Hypertensive crises may be treated with parentera] prepara

tions of Serpasil in the manner described on page 55 Thereafter

oral treatment 1s continued

1 Apresolme®—one 25 mgm tablet twice a day for 7 to 21 days in
adults

C In general other hypotensive agents such as the hexamethomum

denvatives are contramdicated

=]

@ Rawloid is the brand name of a punfied preparation of Rauwolfia serpentina made available
m 2 mgm. tablets by Riker Laboratones Los Angeles California

® Raudiin {5 the brand name of a_whole Toot preparation of Rauwolfia serpentima made
available in 50 and 100 mgm tablets by E R Squibb New York

@ Serpas is the brand name of an slkaloid of Rauwolfia serpentina made available m 01

025 and 10 mgm tablets by C ba Pharmaceutical Company Summit, New Jersey
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IMMOBILIZATION SYNDROME OF THE ADOLESCENT
PATIENT

ATUTE IMMOBILIZATION
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« The bl d usually develops after the first

3 montbs of :llness and 15 charactenized by

Severe muscle wasting and body weight loss

Hypercaleuria and hypercalcerma

Gastro mtestinal disturbances such as gastne distention and
deus with intolerance to oral fluuds and food anorewa nau
sea and vormting

Artenal hypertension of moderate to severe degree

Mental depression and amtabibity

Fhud and electrolyte disturbances with labile water balance
hypokalemia and therapy resistant body potassium deficits

Disturbances of renaf function with elevated blood urea miro
gen reduction m the ability to concentrate unne and con
serve body water reversal of the unnpary sodmm and
p ratio with d p Josses

Evidence of adreno-cortical alarm reaction with seborrhes
acne hirsutism and elevated urmary 17 keto-steroid excre-

ton
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This synd while app 1y a bl d leads to severe
problems 1 flud and electrol, It 1s having
been observed m only 8 instances 1n over 250 severely paralyzed respiratory
patients All of the patients with this condition were 1n the phase of rapxd
growth at the time of onset of acute pohiomyelitis They umfc
severe muscular paralysis and body weight Joss which av emged 15 to 402
of pre illness weight All of the patients had histories of unusually severe
fatigue fmm erther or d respira
tory asa of rapld

Attention to their poor general condition was usually demanded by their
precanous flud and electrolyte economy since mild episodes of gastro-

mntestmal dstress usually produced severe gastrie d deus vomut
mg and dehydration Hyp was ap condition as well as
Icuna and hypercal m the of coprous and dilute

urme which could not be concentrated with thirsting  Hypohalemna was
usually found dunng episodes of dehydration and chimcal and ECG en1
dence of myocardial impairment was observed The patients were resistant
to potasstum replacement therapy with reversal of the ratio of unnary
excretion of sodiom and p Renal b d studyes 1nd
altered renal function which mcluded reduction m glomerular filtration
blood flow and vascular resistance

Although 1t 15 this d 15 elat d because one or
more aspects of the condition are not 1nfrequently observed m the severely
paralyzed patient of any age Therefore the chmeian should pay particular
attention to the severely paralyzed respiratary patient mn order to recognuze
merpient renal disturbances charactenzed by failure of unnary concen
tration  Considerable credence should be given to the development of
hypertenston as a symptom m the post acute phase of illness particularly
m with I lcuria and h with anti
hypertensive agents 1s both effective aud desirable Of spectal mportance
1s the ease with which the severely paralyzed patlent may develop evidence
of adreno-corhecal stress which the active y
and muscular rehabilitation program
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IMMOBILIZATION SYNDROME OF THE ADOLESCENT

PATIENT

ACUTE IMMOBILIZATION

3 OSTEOPOROSIS <:3

ey

LABILITY OF WATER B ELECTROLYTE
HOMECSTASIS

The 1mmobilzation syndrome usually develops after the first

3 months of 1llness and 1s charactenized by

Severe muscle wasting 2nd body weight Joss

Hypercalcuria and hypercalcemia

Gastro mtestmal disturbances such as gastnc distention and
ileus with mtolerance to oral flmds and food anorexsa nau
sea and vommting

Artenal hypertension of moderate to severe degree

Mental depression and umitability

Flud and electrolyte disturbances with Jabile water balance
hypokalerma and therapy resistant body potassium deficits

Disturbances of renal function with elevated blood urea nitro
gen reduction m the ability to concentrate urne and con
serve body water reversal of the urmary sodwm and
P ratio with d p losses

Evidence of adreno cortical alarm reaction with seborrhea
acne hirsubism and elevated unnary 17 keto sterord excre-

tion
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Ths synd while app 1y a bt d leads to severe
problems 1n flnd and electrolyte It s having
been observed 1n only 8 mstances i over 250 severely paralyzed respiratory
patients All of the patients with this condition were in the phase of rapid
growth at the time of onset of acute pohomyehtis They umformly presented
severe muscular paralysis and body weight loss which averaged 15 to 402
of pre-lness weight All of the patients had histonies of unusually severe
fatigue from erther or d respira
tory msuff asa q of rapi pid v

Attention to their poor general coudmon was usual]y demanded by therr
precarious find and electrolyte economy since mild episodes of gastro-
mtestnal distress usually produced severe gastnic distension ileus vomt
mg and dehyd:ahon Hypertension was a prominent condition as well as

1a and hypercal m the of copious and dilute
Imne which could not be concentrated with thirshing  Hypolalemma was
usually found durning episodes of dehydration and chinical and ECG et
dence of myocardial unpairment was observed The patients were resistant
to potassium replacement therapy with reversal of the ratio of unnary

excretion of sodium and p Renal hemod; studses 1nd
altered renal fi which mcluded red m gl lar filtration
blood flow and vascular resistance

Although 2t 15 this synd; 15 elak d because one or

more aspects of the condition are not infrequently observed m the severely
paralyzed patient of any age Therefore the cimician should pay particular
attention to the severely paralyzed respiratory patient m order to recognize
eipient renal disturbances charactenized by failure of unnary concen
tration Considerable credence should be given to the development of
hypertension as a symptom m the post acute phase of ilness particularly
1m association wath hy leunia and hy with anti
hypertensive agents ls both effective and desirable Of speaial importance
15 the ease with which the severely paralyzed patient may develop evidence
of adreno cortical stress responses which compheate the active Tespiratory
and muscular rehabilitation program
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IMPORTANT METHODS FOR INCREASING THE
EFFECTIVENESS OF SPONTANEOUS BREATHING

OBJECTIVES

Sufficient pulmonary ventilation and endurance for unassisted
breathing and the requirements of useful physical actvity

Respiratory reserves to meet the adjustments of breathing
which accompany mfection and respiratory complications

Sufficient mspiratory volume and rhythmic expiratory control
for speech

Sufficient msprratory and expiratory ability for coughing

METHODS

Progressive respiratory weanmg and mereasing physical actv
1ty scheduled to avoid compromise from excessive fatigue
and stress

Early mtroduction and progressive use of auxihary respiratory
devices such as the cuirass respirator and roching bed to fore
stall dependence upon the tank respirator and to encourage
partial use of r g resp i

Resprratory muscle re education

Careful positioning of the body which 1s individualized depend
ing on the pattern and extent of respiratory muscular paraly
sis and the measured effect on the vital capacity and minute
volume of breathing

Supplementing the effectiveness of residual respiratory muscles
through sphinting and corseting of the thorax and abdomen

Development of proficiency mn artificial and manual coughmng

Use of glossopharyngeal breathing

The progressive challenge of the respiratory muscles through graded
usage 15 one of the most effective methods of increasing spontaneous breath
g This 15 accomplished with avoid of far fatigue through the
employment of auxlary respiratory devices which are less effective than
the tank respirator A carefully regulated respiratory and actvity schedule
1s essential (see pages 146 and 153) It should be combmed with tramung of
the patient 1n knowledge about the use of the remaming respiratory mus
dles As m extremity musculature contmuous use of weakened respiratory
muscles at or near maxymum ability causes them to lose rather than gam
strength When this 15 avorded many patients will achieve improvement 1n
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muscle power and endurance so that they can ultimately breathe without
assistance

It 15 extremely important to gain and maintain chest mobility m order to
merease the effi of the g resp y 1!

Respiratory muscle re-education 1n patients with low wital capacities
(adults below 1500 ml } 1s most valuable m aiding the patient to become
aware of the muscles and therr effective use 1 breathing At first pursut
of these respiratory exercises with the intent of only strengthening th‘em 15

ked

of Little value and ily fatigung 1n the p of re-
duced vital capacities When the patient recovers to the degree that he no
longer requires mech 1 breathing and his daily activities are
not of a suffi to require hus 1 breathing abilty the use
of breathing for gth should be d

The patient whose spontaneous breathing 15 patterned after the equal
mspiratory expiratory cycle of the resp may need m re-

learnung to take quicker deeper inspirations and longer expirations for more
Rormal speech Some patients develop undesirable facial and head move-
ments as counterparts of respiratory activity These need to be minmmized
or altered for a more desirable appearance Reading aloud smgmg rhythmie
verse and tape recording the voice are very useful m improving the rhythm
volume and control of speech



BEGINNING WEANING FROM RESPIRATORY
ASSISTANCE OF THE IMMEDIATE POST ACUTE
PATIENT

|

ESTABLISH CONFIDENCE IN THE PATIENT
AND FAMILY DURING THE ACUTE STAGE

Absolute fasubanty with equipment by the entire staff to avod
apprehension due to accidents
Avoid having patient or famly dictating treatment

PRELIMINARY POST ACUTE EVALUATION
Tidal volumes 1n the tank respirator
Vital capacity if possible
Observe breathing muscles for pattern of mvolvement (See pages
147 149 )
Electrocardiogram
Frequent blood pressure and pulse
Complete blood count
Muscle test
TREATMENT FOR THE FIRST TWO WEERS
Establish hospital routine and elunmate special prvileges for
patient and famuly
Discontinue oxygen therapy
Reset pressure and rate of tank resprrator to the lowered needs of
convalescence to avord hyperyventilation
Set and mamtain daily breathing schedule
Introduce chest abdomen currass respirator twice daily begmn
ming with fifteen minute periods and ncreasing to one half
to one hour
Breathing alone three times a day IF vital capacity value 15
more than one half of the predicted tidal volume required
by the patient (If thus 15 the case only three to five minutes
should be allowed If vital capacity 1s more periods may be
up to but not exceed one half hour }
Bath during am and phy sical therapy during pm currass times
Remove urethral catheter
Remove tracheotomy tube J
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After b d to the cuirass resp and short periods of
breathmg alone there 1s no danger of the patient becoming addicted to the
tank respirator Hereafter there 1s no advantage to progressig the patient
rapidly Err on the conservative side




BEGINNING WEANING FROM RESPIRATORY
ASSISTANCE OF THE IMMEDIATE POST ACUTE
PATIENT

ESTABLISH CONFIDENCE IN THE PATIENT
AND FAMILY DURING THE ACUTE STAGE

Absolute famihbanty with equipment by the entire staff to avod
appreh due to d
Avoid having patient or family dictating treatment

PRELIMINARY POST ACUTE EVALUATION
Tidal volumes 1n the tank respirator
Vital capacity 1f possible
Observe breathing muscles for pattern of involvement (See pages
147149 )
Electrocardiogram
Frequent blood pressure and pulse
Complete blood count
Muscle test

TREATMENT FOR THE FIRST TWO WEEKS
Establish hospital routme and ehmmate special privileges for
patient and family
Discontinue oxygen therapy
Reset pressure and rate of tank resprator to the lowered needs of
convalescence to avoid hyperventilation
Set and maintain daily breathing schedule
Introduce chest abdomen cuirass respirator twice daily begm
ning with fifteen minute penods and increasing to one half
to one hour
Breathing alone three times a day IF wital capacity value 15
more than one half of the predicted tidal volume required
by the patient (If this 1s the case only three to five mnutes
should be allowed If vital capacity 1s more periods may be
up to but not exceed one half hour )
Bath duning am and physical therapy duning pm cwirass times
Remove urethral catheter
Remove tracheotomy tube
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There 15 no sub for chintcal for care Observa
tion of the patients general appemnce appetite “attitudes cooperation
signs of fatigue and needs for rest should be made All of the above with
a consideration of the patients feelngs staff observation of his attitudes
and objective tests should be used 1n determining the pacing of the patient s
entire program

It 1s recogmized that even with these guides the patient may be advanced
too rapidly Breathing aid should be d and activity d d unti]
the patient becomes stable 1n his vanous responses Then the program
should be gradually progressed agan.

Intercurrent complncalmns ifections ete always require retrenching
m the d of D y
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METHODS OF EVALUATING THE RESPIRATORY
PATIENT FOR THE PROGRESSIVE WEANING
AND REHABILITATION PROGRAM

RE EVALUATION OF THE PHYSIOLOGICAL RESERVES
WITH REPETITION AT LEAST MONTHLY THEREAFTER

FACTORS USED IN DETERMINING FROGRAM

Vital capaaity value Its magmtude relation to tidal volume
needed for breathing and breathmg muscles used rate of
mcrease appearance of a decrease appearance of platcaus
or sudden changes variation between horizontal and sitting
values (with and without abdommal support—corsets or
sphints) (See pages 147-149 )

Maxmmum breathing capacity values Which indicate mcrease
decrease and dissociation from vital capacity values Rela
twvely low values may indicate reduced endurance

Tidal volume In tank and currass respurator to determine ade
quacy of ventilation m different devices and for avoidance
of hyperventilation

Fluoroscopic observation Use of breathing muscles pulmonary
aeration pulmonary compheations and cardiac sithouette (af
patient can breathe alone for 5 mmnutes) Observe function
of the diaphragm

Complete blood count For appearance of anema or poly
cythema due to hypoua

Electrocardiogram  Heart rate rhythm (especially modal
rhythm ntermittent nodal thythm or escaped beats) short
emng of P R mterval merease m width of P and QRS pro
longation of Q T time presence or absence of ST segment
elevation or depression development of right awis preponder
ance (clockwise rotation)

Blood pressure and pulse (For stability of values m 2 day
studies) for pattern of mean values presence of tachycardia
and hypertension hypotension and vaso motor collapse 12
the upnght position and relationship of mereasing phy sical
activity to the foregomng (See page 160 )

Blood chemustries and urmnalysis For evaluation of adequacy
of renal function

Complications of any variety influence capacity for unassisted
breathing
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THE INFLUENCE OF RESPIRATORY MUSCLE
RESIDUALS AND BODY POSITION UPON
SPONTANEOUS BREATHING

DIAPHRAGM

The primary muscle of inspiration which 1s most effectively
used i the supine position

Paralysis of the diaphragm 1s shown by a fall of the abdomen
on msprration m the supme

‘The starting position of the diaphragm 15 lowered m the sittmg
and standmg postions so there 1s relatively less volume
change of the thorax produced for 2 given amount of dia
phragm This1s p d of the abd, I mus
cles are weak, the abdonunal wall sags and the viscera drop

Marked paradoxical depression of the chest occurs m mfants
and children with normal diaphragms and weal or absent

Is and abd ! muscles Inad 1

of the upper chest occurs and an eventual nib cage retraction
deformety may develop with growth

INTERCOSTALS

Participate m nspiration by mcreasmg the antenor postenor

and lateral diameters of the chest
s may he lved Uy and )

Used as primary respuatory muscles they are most effective m
the sithng position Patients with intact mtercostals and 2b-
domunal muscles but without diaphragms combme mspira
tion with forced (active) expiration Usually they breathe
best m the sitting or standng positions with the back sup-
ported

ACCESSORY NECk MUSCLES

Raise the nb cage as 2 umt and thereby ncrease the chest vol
ume and produce mspiration

Most effectively used 1n the upright position if the patient can
throw his head back or has 1t fixed to gam a stronger Lift
Expiration 1s the result of relaxation and the action of gravity
m returning the chest to a position of shght expiration

Useful for supplementing other mspiratory muscles for a max
mum wsprration but they should not be used by themselves
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PROGRESSIVE REHABILITATION OF THE
CONVALESCENT RESPIRATOR PATIENT

A schedule 1s unchanged for at least one to two weeks so that ade
quate observation can be made Patient and nursmg staff should
not alter the schedule

Gradual weamng from the tank resprrator during the day depends
upon early progressive use of less effective breathing aids

Introduce the rocking bed for brief periods

Increase the curass respirator time

Increase breathing alone time IF breathmg muscles and
physwological reserves permt

Gradually mcrease the vanety and extent of actvity using the
currass resprrator during such activities (Physical and Occu
pational Therapy Progression in Respiratory Polio )

Evaluate the patient for sitting and performng functional activt
ties without using breathing aids Start with the rechning chair
and evaluate responses to the upnght position Gradually as
sume full upright position

Change to cwrass or rocking bed at mght if possible starting with
1 mght a week if tolerated increase to 2 etc

If elimmation of respiratory aid at might 1s to be considered 1t
should be done I mght 2 week and then 2 and so on

Carefully consider the physiologrcal reserves and the practicality
of walking before attempting such physical effort Walking
should not be considered if the vit2l capacity 1s below 800 cc 1n
an adult

Use breathing aid at might and/or for rest pertods m order to con
serve energy for mcreased actity during the day

Intercurrent mfections (even if infection appears mild)

Increase breathing aid and discontinue activity J

Very gradually reassume former program

This 1s a continuous slow process over weeks and months each change
followed by a period of observation Only one vanable 1s changed at a
yume so that the breathing schedule 15 mcreased while activity 1s held con
stant or Vice versa Sacrifice weaning speed if necessary to allow neuro
n to proceed concomtantly It 1s obviously more
desirable to have a well adjusted functional clear thimking individual using
breathing help than to have a chromcally underventilated tired  stressed

and 1mitable patient who breathes unaided

muscular rehabilitatio

—
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THE INFLUENCE OF RESPIRATORY MUSCLE
RESIDUALS AND BODY POSITION UPON
SPONTANEOUS BREATHING

DIAPHRAGM

The primary muscle of nspiration which 1s most effectively
used mn the supine position

Paralysis of the diaphragm 1s shown by a fall of the abdomen
on inspiration 1n the supme

The starting position of the diaphragm 1s lowered 1n the sitting
and standing positions so there 1s relatively less volume
change of the thorax produced for 2 given amount of dia
phragm t Thisis p d 1f the abd ! mus
cles are weal the abdommal wall sags and the viscera drop

Marked paradoucal depression of the chest occurs i mfants
and children with nommal diaphragms and weak or absent

Is and abd 1 muscles Inadeqy X

of the upper chest occurs and an eventual nb cage retraction
deformity may develop with growth

INTERCOSTALS
Parheipate m inspiration by the antenor p
and lateral diameters of the chest
Int 1s may be mvolved 1y and 1

Used as primary respuratory muscles they are most effective
the sitting position Patients with mtact mtercostals and ab-
dominal muscles but without diaphragms combine mspira
tion with forced (active) expration Usually they breathe
best 1n the sitting or standmg positions with the back sup
ported

ACCESSORY NECR MUSCLES

Raise the nib cage as 2 umt and thereby increase the chest vol
ume and produce mspiration

Most effectively used mn the upright position if the patient can
throw hus head back or has 1t fived to gam a stronger Lft
Fxpiration 15 the result of relaxation and the action of gravity
In returning the chest to a posiion of shght expiration

Useful for supplementing other mspratory muscles for a max

mum mspiration but they should not be used by themselves




148 TREATMENT OF ACUTE POLIOMYELITIS

for prolonged spontaneous breathing as the volume produced
and the endurance of the muscles 1s usually not of sufficent
level to permt activity These muscles are not used mnvolun
tarily during sleep

ABDOMINAL MUSCLES

Required primanly for forced expiration 2s 1n coughing

In the sitting and standing positions, the abdommal muscula
ture mamtamns the viscera 1n position and establishes a more
favorable position of the diaphragm for 1ts descent with con
traction than would be the case with visceroptosis

Can be used as 2 primary breathing muscle by virtue of active
expiratory breathing with passive chest recoil promoting m
spuration

COMBINATIONS

Patients with tions of dual lar funchion 1
different areas of the thorax (e g rght mtercostals left dia
phragm) seem to achieve more effective ventilation for the
same vital capacity than if the muscles are restricted to one
area (eg nght intercostals night diaphragm)

Abdominal pressunzed belts can elevate the flaceid diaphragm
as an active expuratory effort i the sermi upright position and
utilize the gravity descent of the abdommal wiscera as a

passive mspiratory effort

Due to mdividual differences mn the pattern and extent of respiratory
muscles paralysis only general gudes can be followed for effective position
mg corseting and sitting The vital capacity drops very shghtly m the nor
mal mdividual between the supmne and sitting posttions although the
residhunl volume and expiratory reserve change m elative sze This may be
significant when all active expiratory reserve 1s gone as 15 most often the
case in poltomyelitis Most respiratory patients expenence a twenty per cent
drop 1n vital capacity when upnght This change m a vital capacity already
markedly reduced may result in insufficient ventilation 1n the sitting post
tion A few patients however may increase thewr vital capacity when

attin;
* Mugscular endurance seems to be a sep fi from the
ment of maximum effort so the vital capacity does not uniformly predict

the patients tolerance to unassisted breathing

h
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A low thoracic Iumbar corset usually aids ventilation in the sitting posi
tion and seldom 1if ever hunders 1t The corset 1s individually designed and
fitted wath firm support at the hne of the pelvis Four steel stays are used
m the back with one to one and one fourth mnches between the middle stays
The length of the corset 1s measured 1n the sitting position to extend from
the buttocks at the table surface to just below the scapulze m the back and
to the phoid process m the front It 1s strapped m front to permut sitting
It 1s pulled m firmly at the base and the top buckles are kept loose to permt
expansion of the nb cage Back braces do not aid spontaneous breathing
nearly so much as the properly fitted corset

Infants with strong diaphragms who are lacking m mtercostals and ab-
domnals have been shown to ventilate better with a thoracic sphint 2 Thus
chest corset extends up to the level of the axllae but has the entire abdom
nal area cut out Steel stays are used in the back and are bent to place the
spme 1 hyperextension In addition steel stays are placed on each side
running around at nght angles to the line of the false nbs The stays are
molded so that the corset fits snugly on the lateral margin of the chest It
15 laced 1n front and forces the nb cage agamst tnward retraction A space
of an mch or 5o 1s left under the fastemngs m front over the lower half
of the sternum In this way the nb cage will still be allowed to expand m
a forward (anterior) direction upon diaphragmatic descent

Flexion of the neck and back and adduction of the scapulae often occurs
m a soft sagmng bed and 1n the propped up sem:i upnght positon This
places the chest in the position of expiration The breathing abihty 1s re-
duced 1n most patients so positioned The breathing effectiveness will be
mereased 1 some through the use of a firm bed and mterscapular pillows

The exact use of the muscles and mechancs of breathing may be contro-
versial but the observations on the general use of muscles of breathing and

the effect of apparatus and position are practical ones The actual measure-
ment of the effect of body positoung, apparatus and activity on the vital
capacaity and i of each individual 1s of mportance
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for prolonged spontaneous breathing as the volume produced
and the endurance of the muscles 15 usually not of sufficient
level to permit activity These muscles are not used mvelun
tanly duning sleep

ABDOMINAL MUSCLES

Required pnimarily for forced expiration as m coughing

In the sitting and standing positions, the abdommnal muscula
ture mamtains the viscera m position and establishes a more
favorable position of the diaphragm for 1ts descent with con
traction than would be the case with visceroptoss

Can be used as a pnmary breathmg muscle by virtue of achve
exprratory breathing with passive chest recorl promoting 10
spiration

COMBINATIONS

Patients with combimations of restdual muscular function m
different areas of the thorax (e g nght mtercostals left dia
phragm) seem to achieve more effective ventilation for the
same vital capacity than if the muscles are restricted to one
area (eg nght ntercostals nght diaphragm)

Abdominal pressurized belts can elevate the flaccd diaphragm
as an active expiratory effort in the semu upright position and
utihze the gravity descent of the abdomnal viscera as &

passive mspiratory effort

Due to mndividual differences mn the pattern and extent of respiratory
muscles paralysis only general guides can be followed for effective positton
g corseting and siting The vital capacity drops very shghtly in the nor
mal mdividual between the supme and sitting positions although the
residual volume and expiratory reserve change in relative size This may be
sigmficant when all active expiratory reserve 1s gone as 1s most often the
case m pohomyelitis Most resp y patients exp a twenty per cent
drop mn nital capacity when upright This change i 2 vital capacity already
markedly reduced may result m mnsufficient ventilation i the sitting post
tion A few patients however may increase thewr vital capacity when
s“:;‘fscdar endurance seems 1o be a separate function from the measure-
ment of maximum effort so the vital capacity does not umformly predict

the patient s tolerance to unassisted breathing




TREATMENT OF ACUTE POLIOMYELITIS 151

Manual resistance on upper chest to force duaphragmatic breathing,

Put diapt on a stretch plus thumb pres
sure up and under costal angles attempting to gan rebound and
give the patient a sensation of where to contract

Resist the descent of the diaphragm by thumb pressure up and under
antenor nb cage

Place the patient 1n Trendelenburg and have him use the diaphragm
aganst the of the Add 1 hand
pressure may be used

Smffin;

Lateral Chest

Conscrously hold back on the accessones and attempt lateral expan
sion

Manual pressure to lateral chest utiltzing stretch and kinesthetic
sense

Manual resistance to lateral chest

For umlateral deficiencies
a) Resist the better side and force breathing 1n the opposite
b) Resist both sides holding back on the better side
¢) Manual pressure to the weak side

Patients with the use of hands and some ability to take resistance to
mspirabon
a) Resist self with strap around chest
b) Push up agamst lateral chest and give self resistance

Upper Chest
C 1

and attempt to gam chest nse
Manual pressure over sternum or pectoral areas for resistance and/or
kmesthetic sense
Manually resist and hold back on the abdomen and attempt to force
upper chest breathing
General
Inspiratory efforts added to the ad of the respirator
Strengthen accessory muscles of breathung by muscle re-education
other than breathing exercises
Patient pushes down with the head on the bed frequently and as scon
as possible to mamtam and 1ncrease strength of the posterior neck
and back extensors used 1n stabilizing the head for accessory neck
breathing
Manually resist chin or forehead and have the patient breathe 1n
EXPIRATION
Strengthen abd Is lath dors: by re-ed: other than
expiratory evercises
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BREATHING EXERCISES

The followng 1s a hst of breathing exercises that may be useful for the
polio respiratory patient It will be noted that three types of strengthenmg
exeraises are presented

Conventional muscle re education

Resistance to the stronger area 1 an attempt to force breathung m
the weaker

Pressure or resistance to the weaker muscles

The latter type has been found to be the most effective but each type
may be useful in individual patients

CHEST MOBILITY

USING TANK RESPIRATOR
Increased negative pressure for maxunum spuration (Deep breath
techmque )

Increased mtra tank positive pressure for forced maximum expiration
Abdommal binder to mcrease thoracic expansion
MANUAL STRETCHING OF THE THORAX, TRUNK AND

SHOULDERS

Neck—all motions 1 the tank as soon as possible (fleaon rotaton
lateral fleion extension)

Rotation of trunk n tank respirator using the hips as a lever

Lauft the chest up and move the chest laterally in the tank respirator

Lateral flexion of the trunk—by the hips m the tank and by the
shoulders on the bed

Trunk flecion—can be started n the tank by raising the hips 2nd
later on the bed by raising the shoulders

Rotation of trunk on the bed by hips and shoulders

Increased shoulder range of motion—particularly flexton and abduc
tion

POSITIONING
Inter scapular pillow
Shght flexion of the neck and back
Abduction of shoulders with pillows trangles etc

MUSCLE RE EDUCATION

INSPIRATION

Diaphragm .
Concentrate on nse or ball g of the abd on msp
elmnating accessory breathing
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Manual resistance on upper chest to force diaphragmatic breathing,
Put diaph on a stretch plus thumb pres-
sure up and under costal angles attempting to gain rebound and
give the patient a sensation of where to contract
Resist the descent of the diaphragm by thumb pressure up and under
antenor nib cage
Place the patient 1n Trendelenburg and kave hum use the diaphragm
agamnst the resistance of the abd 1 Add 1 hand
pressure may be used
Smffing
Lateral Chest
Consciously hold back on the accessones and attempt lateral expan
ston
Manual pressure to lateral chest wthlzing stretch and kmesthetie
sense
Manual resistance to lateral chest
For umlateral deficiencies
a) Resust the better side and force breathing n the opposite
b) Resist both sides holding back on the better side
¢) Manual pressure to the weak side
Patients with the use of hands and some ability to take resistance to
mspiration
a) Resist self with strap around chest
b) Push up against lateral chest and gve self resistance
Upper Chest
C 1

and attempt to gan chest nse

Manual pressure over sternum or pectoral areas for resistance and/ox

Janesthetic sense

Manually resist and hold back on the abdomen and a
upper chest breathmg

General

Inspiratory efforts added to the aid of the respirator

Strengthen accessory muscles of breathing by muscle re-ed
other than breathing exercises

Patient pushes down wath the head on the bed frequently and as soon
as possible to mamtain and mcrease strength of the postenor neck
and back extensors used 1n stabihzing the head for accessory neck
breathing

Manually resist ¢hin or forehead and have the patient breathe in

EXPIRATION

Strengthen abdormnals Iattissimus dors: by re-education other than
exprratory exercises

ttempt to force
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Emphasize forced expiration
Hissing hummmg whistling singmg
Cough at the end of a maximum expiration
Blow agamst resistance—soap bubbles sailboat whistles ping
pong ball blow bottle, balloon
Manual assistance over lower nbs and abdomen to gan more
expiration Patient can be taught to do ths if upper extrent
ties are strong enough
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PHYSICAL AND OCCUPATIONAL THERAPY
PROGRESSION IN RESPIRATORY POLIOMYELITIS

PHYSICAL ACTIVITY CATEGORIES
0 NO TREATMENT
No physical or 1 therapy dures except po-
g to good body al. t and comfort
I MUSCLE EVALUATION AND JOINT MOTION: To evalu
ate newromuscular status veheve muscle pan, and mamtam
jomt motion

Imtiated 48 hours after febrle stage

All motions {with the exception of shoulders) can be car
ned out m tank respirator (Page 90 )

Usually between the 5th and 15th day from onset the
patient can tolerate the cuirass respirator for penods
sufficiently long enongh to carry out all procedures ade-
quately

T STRETCHING, MUSCLE REEDUCATION AND OCCU
PATIONAL THERAPY IN BED To merease range of motion
and blish lar patterns of mohon

All procedures may be done 1 the cuirass respirator from
the back lymg posiion

For postenor muscle groups the therapist must support the
weight of the part and use gravity assisung exzercises

1l HYDROTHERAPY OR STANDING BED Hydrotherapy utt
lized to relieve muscle pam and tightness and for muscle reedu
cation Standmg bed to achieve weight beanng and promote
arculatory adjustment to the upnght posthon

Transportation of patient may require portable motox for
cuirass respirator

Hydrotherapy and standing bed accomphshed usmg cu
rass as order

Hydrotherapy and standing bed may be done on alternate
days 1f both are mdicated

Utiize abdommal support and leg binding to mmmze
venous poohng

Exercise procedures done at another period dunng the day
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The standing bed 1s unllzed as a convenzent and practical method of
gamng the y to the vertical position and
at the same tume to start welght beanng Patients are started at 30° and
over a penod of days and weeks the angle and the time are increased Fre-
quent pulse rate and blood pressure determmations are taken before dunng
and following the procedure and the patient 15 observed for color presence
of perspiration, and general feeling of well bemng as aids 1 judging the
rate of progression
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PHYSICAL AND OCCUPATIONAL THERAPY
PROGRESSION IN RESPIRATORY POLIOMYELITIS

PHYSICAL ACTIVITY CATEGORILS

IV RFCLINING CHAIR, HYDROTHERAPY, STANDING BED
OCCUPATIONAL THERAPY IN SHOP To prepare for func
tion and coordination of breathing and balance with actnty

Patients are started n a reclmng chair {lounge type with

d ) and graduall d in tune and

angle towards vertical

B muscle d n head arm shings—
activities of a light nature

Procedures are spread over the day either using the cuirass

or breathmg alone depending upon medical order

V SITTING STRAIGHT To gan function m the upnght pos:
tion probably usmg sings and adaptive equipment

Utilize full rechiming back wheel charr for short periods

Change to conventional strmght back wheel charr »f posst
ble and practical for the patient

If 1t 15 decrded that patient may now sit without breathing
aid he should be dropped back to category IV and pro-
gressed to hus tolerance

VI NO CARDIO RESPIRATORY PROBLEM
Patient 1s managed as uncomplicated poliomyeliis

The respiratory patient needs and can recewve all the procedures that are
ordmanly given 1 uncomplicated poliomyehitis but can accept them only
+f given over an extended convalescent period These categones are utilized
as a general guide to mereasmg energy demands on the patient They are
arnved at by eval and jomt staff confa with the ph and

honed

tolerance categones Infe

bing the speaific proced which are allowed bv the
ections always require retrenchment the patient 1
put back to activity categortes of 0 or I followed by gradual resumption

of actvity
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FUNCTIONAL ACTIVITIES FOR THE SEVERELY
INVOLVED RESPIRATOR PATIENT

OBJECTIVES
Function 1n the upnght positon
Promotion of outgong mterest and self confidence
Devel of p 1 and soczal useful

METHODS Integrate energy consuming activities gradually ac-

cording to the patient s tolerance and ability

Gan at Jeast sufficient range of motion for sitting and dressmg

Increase sithng angle and sitting tolerance

Increase nech and trunk balance

Coordmate breathing and tallung in the upright position

Utilize activities requrng small energy expenditure—readng,
needleworl etc

PRIMARY FUNCTIONAL GOALS Self help and self care are
stressed with manual activities used to develop the required
motions Such goals are relatively low m energy expenditure
and of lugh funchonal mportance

Readmng (turming pages)
Commumeation {wnte type talk on phone)
Self feeding

SECONDARY FUNCTIONAL GOALS Increase scope of activities
1m ratio to physical and mental abihty
Personal care (make up shave brush teeth comb hair)
v 1on (household duties office work)
Dressmg propelling wheel chair
Transfernng (to bed wheel chair toldet shower car etc)

Wallang chmbing stars etc

In respirator patients only limited activity can be achieved due to the
markedly reduced phystological and muscular capacities for work. Goals of
attamment should be set which will accomplish the most useful function
with the least expenditure of energy Full exploration of the possible scope
of actvity 15 necessary as well as penodic evaluation and the use of se}f
help devices if a much greater and more d ble end result 15
Accomphshments are greater than would be suspected possible from the

Cad,
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extent of paralysis Children are able to complete their education, mothers
can supervise and help in the household and often supplement the income
Many patients have become partially or totally financially mdependent
through such as hand; selling services teaching m all
of its aspects abstracting, translating providing answernng services man
aging busimesses and acting as techmeal consultants
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NURSING CARE—POST ACUTE RESPIRATORY
POLIOMYELITIS ROUTINE ORDERS (SWPRC)

When remsttuting oral feedings m the patient recovermg from
mpawrment of swallowing a nurse should always be 1n at
tendance

Breathung schedules are posted on the bulletin board n the p2
tients room and m the Kardex Schedules are ordered by the
doctor Patients are to be kept on schedules as much as pos
sible and no changes are made unless approved by the doctor

EXAMPLE OF BREATHING SCHEDULE

CF 2/13/56

9to12 Alote
12t0 5 Currass
S5to 9 Alone
5PM t0 9AM Curass

There are actvity schedules and therapeutic applance schedules
on bulletn boards m patients rooms

RESPIRATORY STUDY CHARTS See etample on page 160
These charts are run for 48 hours They are ordered by the doc-
tor who fills out the schedule The charts are started at 6 AM
and completed at 6 AM 48 hours later The patients pulse
respirations and blood pressure are taken BEFORE he 1s
changed to another type of breathing aid and before he s{arts

11

breathing alone The resp y rate of 1) g
equipment should be d and ded m “Resp
column

If a patient spends all day 1n the same type of breathing ard or if
he 1s completely weaned the vital signs should be taken every
Ahours 6 AM to 10 PM for 48 hours If the patient spends
more than 4 hours 1 one type of respiratory aid the vital signs
should be taken at the end of 4 hours
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Example
8ta2 Cuirass
2to5 Rocking Bed
5te9 Curass
9PM to8AM Tank

The blood pressure pulse and respirations should be taken at
7 55 AM before takung patient out of tank at 12 noon because
he has been m the same type of aid for 4 hours at 1 55 before
taking patient off rocking bed at 8 55 before taking patient out
of Cuirass

Medications containmg 1ron 2re to be given between meals and
are never given with milk.

Enemas are given PRN An o1l retention enema may be given 1f
necessary {See page 76 )

Respiratory patients MUST be able to breathe 15 to 30 mnutes
alone before they are taken to the bathtub Check with nurse
m charge before taking such a patient for the first tme

Patients may leave the hosmtal with dector s permission for spear

ed times
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NURSING CARE~—POST ACUTE RESPIRATORY
POLIOMYELITIS ROUTINE ORDERS (SWPRC)

When remstituting oral feedings 1 the patient recovenng from
mpairment of swallowmg a nurse should always be m at
tendance

Breathing schedules are posted on the bulletn baard 1 the p2
tient s room and 1n the kardex Schedules are ordered by the
doctor Patients are to be Lept on schedules as much as pos
sible and no changes are made unless approved by the dactor

EXAMPLE OF BREATHING SCHEDULE

CF 2/13/56

9to 12 Alode
12to & Cuurass
5to 9 Alone
S5PM t0 9AM Currass

There are activity schedules and therapeutic appliance schedules
on bulletin boards 1 patients rooms

RESPIRATORY STUDY CHARTS See example on page 160
These charts are run for 48 hours They are ordered by the doc
tor who fills out the schedule The charts are started at 6 AM
and completed at 6 AM 48 hours later The patients pulse
resprrations and blood pressure are taken BEFORE he 15
changed to another type of breathing aid and before he starts
breathing alone The resg y rate of mech 1 breathmg
equipment should be counted and recorded 1n “Respirations
column

If a patient spends all day m the same type of breathing aid or 1f
he 1s completely weaned the vital signs should be taken every
4hours 6 AM to 10 PM for 48 hours If the patient spends
more than 4 hours 11 one type of respiratory axd the vital signs
should be taken at the end of 4 hours
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Example
3102 Currass
2to5 Rocking Bed
5te9 Curass
9PM to8AM Tank

The blood pressure pulse and respurations should be taken at
7 55 AM before talung patient out of tank at 12 noan because
he has been 1n the same type of aid for 4 hours at 1 55 before
taking patient off rocking bed at 8 55 before talang patient out
of Cuirass

Medications contaming won are to be given between meals and
are never given with milk

Enemas are given PRN An o1l retention enema may be given if
necessary (See page 76 )

Respiratory patients MUST be able to breathe 15 to 30 mimutes
alone before they are taken to the bathtub Check wath nurse
m charge before taking such a patient for the first tme

Patients may leave the hospital with doctor s permission for spea
fied times
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EARLY EVIDENCE OF INJUDICIQUS RESPIRATORY
PROGRAMING OR EXCESSIVE PHYSICAL ACTIVITY

EMOTIONAL LABILITY Disiaterest to the inmediate environ
ment and personnel addiction to respiratory aids lack of mott
vation or unreasonable dnve develops These findings are fre-
quently observed m the adult patient m the immediate post
acute phase and do not signufy 1mproper management

SPONTANEOUS BREATHING IS PROGRESSIVELY DYSPNEIC

AND RAPID
ALTERATION OF VITAL SIGNS
Pulmonary compartments
Vital capacity arrest of progressive increase (uthze average
of seveml measucements) or decrease
M h capaaity relatively lower than wital
capacity
Circulatory measurements
Increase n average pulse rate
Instability of 48 hour senes of pulse rate

Shght increase ;m average dlastohc pressure of 48 hour senes
Senal and p d of short

ened P R tume and prolonged Q T ume
BLOOD CHEMISTRIES Progressive elevation of serum Calaum

and fall of serum Potassum Sodium may be high normal to
elevated

BLOOD ELEMENTS I g or h lob:
URINE Decreasing specific gravxty mcereasmg volume
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Deternination of stress which ulimately produces serious phystological
decompensation 1s an important aspect of the convalescent care of severe
paralytic polomyelitis The ease with which Immuted body reserve 15 ex
ceeded appears to depend upon complex factors such as (a) resrdual crr
culatory and respuratory msufficency (b) the metabolic and nutribional
status of the patient, (c) the speed and manner of resumption of physteal
actvity (d) seventy of muscle paralysis and (e) individual constitutional
characteristics

Separate 1dentification of the contributing factors 1s not often possible
or 50 umportant as the elummation of ijudicious respiratory scheduling and
excessive activity The detection of excessive activity may be sumphfied by
the companson of repeated surveys of the type indicated before
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SIGNS AND SYMPTOMS OF SEVERE STRESS

Imntabihty, drowsmess fahgue lack of cooperation.

Increased need and desire for breathing assistance dyspnea “all
or none” effort

Increase 1n body weight, edema puffy facies

Hirsutism, seborthea, acpe

Nautritzonal disturb & 1 disturb. with ab-
domnal distention vomiting bleedmg
Dehyd 1

Decrease m vital capacity from earher values
Progressive alteration of vital signs
Marked increase i pulse rate and fluctuation with daily actva

ties
Systolic and diastohic hypertension
El d ); d of marked d m PR tune
and prolongation of Q T clockwase shift of QRS vector {nght
heart preponderance) high peaked P waves change in shape
of T waves
Blood ch Sodium and pt depl
elevated caleum increased blood urea mitrogen
Unne Elevated 17 ketosterords farlure of renal eoncentration
and polyuna and reversal of the normal Na K excretion ratio

Simnce severe stress mvolves many body functions there 1s no single relt
able md Early det depends upon ob of parallel
changes n several body functions such as mental condition declmmng vatal
capacity circulatory status elevated blood pressure altered serum electro-
Iytes etc Most frequently the trend of a senes of relatively sunple measure-
ments f \if P of resp y and physical activity
In addition conservatism m balancmg actvaty versus machvity may pre-
vent a serous disturbance of 4 specific body function such as markedly
elevated blood pressure which may be wreversible There 1s Increasing evi
dence that the poliomyelits patient may achieve more useful activity and
a better respiratory prognosis with fewer intercurrent metabolie and ciren
latory 1 if such a philosophy of 15 utihzed. It 1s 2
cautious program of evah care and rehabihtation which imtially takes
more time and effort.

The relabionship of these chmcal signs and symptoms to adrenocortical
“stress” responses 15 not established This however does not alter their im
portance m relation to the g of y and physical
achivihes
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HOME CARE PLANNING FOR THE RESPIRATORY
PATIENT

PRELIMINARY

EARLY AND PROGRESSIVE PLANNING 1S ESSENTIAL

Periodic evalvation and programing by the entire staff
Discussion of the program and aims with the patent and fanuly

PSYCHOLOGICAL AND $OCIAL ADJUSTMENT
Gradual adjustment of the pahent and familv to the practical
of s medical, socal, and psychologieal prog
nosis (mchiding the fact that the panent may not make full
recovery)
Exposure to group of
to those who return from home for checkups
Evaluation of patient and family
Encourage participation 1n outside socsal achvities {(with doc
tors and nurses m attendance)
Gradual mtroduction of the faxmly to the comphcations of care
Attendance at above social activities with patient
Short hame visits wath doctors and nurses 1 attendance
and later assummng full responsibihity

Week end home visits
Defimte plans for home care puthned with the patent and the

fapuly several months previous to anticipated discharge
POINTS WHICH DETERMINE PROGRAM

Tl d patients and Hly
P

Pattern of response 1n senal eval of the physiological re-
serves

Fatigue response to careﬁl"y regulated breathung physical and

pational therapy

[o) and resp to ant fe and com

phcanons
for further rehabil
Resources of famxly and a ( £ 1 1 inter

)
Avmhblhty of medical follow up :md zemedml bospitalization
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The ul purpose of t1s d of the patient from
special services to home care This should be Lept 1 mnd throughout the
patients stay and the foundations for successful weanng of the patient
from the hospital should be started upon admission of the patient.

There must be and jont particip 1n the pl g for the
home care of severe respiratory patients Each member of the hospital team
should be kept mnformed of the patients progress within the area of each
of the other members of the team Only 1n this manner 1s 1t possible to have
consistency and continmty m the attitude presented by each of the staff

to the patient and lus family Rep e and interp
from each area 1s d for the compl d of the patient and
hus famly Without this under; hilosophy the of the hospital

program as well as home care fals
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HOME CARE PLANNING FOR THE RESPIRATORY
PATIENT

PRELIMINARY

EARLY AND PROGRESSIVE PLANNING IS ESSENTIAL

Periodic evaluation and programing by the entire staff
Discussion of the program and aims with the patient and family

PSYCHOLOGICAL AND SOCIAL ADJUSTMENT
Gradual adjustment of the patient and family to the practical
sigmficance of lus medical, social and psychological prog
nosis {mcluding the fact that the patient may not make full
recovery)
Exposure to group of similarly unpared patients and especially
to those who return from home for checkups
Evaluation of patient and fammly
Encourage partictpation m outside social activities (wath doc-
tors and nurses m attendance)
Gradual mtroduction of the family to the complications of care
Attendance at above social activities with patient
Short home visits with doctors and nurses m attendance
and later assuming full responsibility
Week end home visits
Defimte plans for home care outlined with the patient and the
farmly several months previous to anticipated discharge

POINTS WHICH DETERMINF PROGRAM
Pattern of response m senal evaluation of the physiological re-
serves

Fatigue response to carefully regulated breathmg physieal and
pational therapy schedul
Occurrence and resp to rent mfe and com
ph(zhons
for further rehabihitation
Besources of famﬂy and Y ( fi 1 1 inter

)
Av:ulablhty of medxcnl follow up and remedxal hospitalization
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Treatment should not be considered completed upon the patients dis
charge from the hospttal Through penodic re evaluation the patient s pro-
gram can be supervised and continued at home wher manmum benefit
from specialized and expensive hospitahization has been reached Such a
plan also gives the patient and faruly secunty and self confidence to take
on home care It 1s often desirable to have “therapeutic” mterims at home
to neutralize ‘hospitaliis ” to practice leamed activities and to gamn better
emotional adjustment m order to proceed more effectively with intensive
rehabilitation at a later date

Home care for the severely Ived patient d ds ad medical
follow up and the assurance of hospital readmission for mtercurrent prob
lems

MEDICAL RESPONSIBILITY DOES NOT CEASE WITH DISCHARGE
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DISCHARGE PLANNING

MEDICAL REQUIREMENTS

Evaluation of the family composition and physical sethng of
the home to determme the needs of the mdividual

Adaptation of the patient to less expensive and complicated
breathing devices

Well defined schedule within the patient s tolerance keepng n
mund that the mit:al phase of home adjustment 1s fatiguing

Complete summary, status report and outhne of medical care
to the patients responsible physician

Onentation and instruction of the famly and attendant prior
to discharge on diet care equipment and simplified physical
and occupational therapy procedures

Insistence on the hazard of intercurrent complications thewr
signs ete

Periodic re evaluation as dictated by the patients ndividual
requrements

COMMUNITY PARTICEIPATION

Provision of special respiratory and mechamical devices (breath
mg aids wheel charr hiter emergency generator) and
attendant as d d v 1 cooperation with the finan
cally responsible groups

Provision for mamtenance and repair of equipment

Provision for emergency h lization and suppl y res
pirator aids

Evaluation and sohcitation of recreatronal educational and vo
cational facilihies

Arrangements for transportation to home mcluding vehicle

power moving of equipment and patient care

ADJUSTMENT OF PHYSICAL SETTING
Room location and size door widths emergency exit
Wiring and power
Bathroom facilities
Bed—type and height
Storage space for equpment
Provision for gong outside the home—ramp portable breath

mg ad
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EQUIPMENT NECESSARY FOR TRACHEOTOMY TRAY

1

11

=

v

1 Jackson full curved standard tracheotomy tubes with tape sizes

01234567

Two 5 cc syninges with 2 each of the followmng needles
258 x 2%/
2gxlh
olg xlh
20g xIh
1basm for saline
2 rubber catheters No 10 and No 12 F
2 medicine glasses
1medicine dropper
assorted suture needles and suture
plam catgut 000 and 00
black sk 2 and 0
cotton suture No 30
2 small draw sheets
4 towels
2 packages of flats without cotton or use folded gauze
8 applicators

1 Trousseau dilator 4 Mosquto forceps (straight)
2Bard Parker kmfe handles 4 Mosquto forceps (curved)
No 3 2 Alls forceps
1No 10 blade 2large forceps (curved)
1No 15 blade 2large forceps (straght)

2paws suture SCISSOTS
1 Mayo curved dissecting scis 2 sponge forceps

sors 1needle holder
2Tissue forceps 1 plam 1 4 towel clips
with teeth 1 trachea hook

1 grooved director 1 probe
2 tracheal retractors
1 Anthony suction tip

1 Ochsner forceps (straight)
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APPENDIX

EQUIPMENT NECESSARY FOR TRACHEOTOMY TRAY

1

i3

it

=]

1 Anthony suction tip

Jackson full curved standard tracheotomy tubes with tape sizes
01234567

Two 5 ce syringes with 2 each of the following needles
25g x2%
22g xlh
o1g xIx
20g x1»
1 basmn for sahme
2 rubber catheters No 10 and No 12 F
2medicime glasses
1 medicine dropper
assorted suture needles and suture
plam catgut 000 and 00
black silk 2 and 0
cotton suture No 30
2 small draw sheets
4 towels
2 pachages of flats without cotton or use folded gauze
8 applicators

1 Trousseau dalator 4 Mosquito forceps (straight)
2Bard Parker kmfe handles 4 Mosquito forceps (curved)
No 3 2 Alhs forceps
1No 10 blade 2large forceps (curved)
1No 15 blade 2large forceps (straight)
2 parrs suture seissors 1 Ochsner forceps (straight)
1 Mayo curved dissecting scis 2 sponge forceps
sors 1 needle holder
2Tissue forceps 1 plam 1 4towel chps
with teeth 1 trachea hook

1 grooved director 1 probe
2 tracheal retractors







169
APPENDIX

EQUIPMENT NECESSARY FOR TRACHEOTOMY TRAY

1 Jackson full curved standard tracheotomy tubes with tape sizes
01234567

II Two 5 cc synnges with 2 each of the followmg needles
25g x 2%
22¢g x1k
2lg x1h
20g x1h
I 1basin for salne
2 rubber catheters No 10 and No 12 F
2medicine glasses
1 medicme dropper
assorted suture needles and suture
plan catgut 000 and 00
black silk 2 and 0
cotton suture No 30
2 small draw sheets
4 towels
2 packages of flats without cotton or use folded gauze
8 applicators

IV 1Troussean didator 4 Mosquito forceps (straight)
2Bard Parker kmfe handles 4 Mosquto forceps (curved)
No 3 2 Alhs forceps
1No 10 blade 2large forceps (curved)
INo 15 blade 2large forceps (straght)

2 pawrs suture scissors 1 Ochsner forceps (strmght)
1 Mayo curved dissecting scis 2 sponge forceps

sors 1 needle holder
2Tissue forceps 1 plan 1 4towel chips

wth teeth 1 trachea hook

1 grooved director 1 probe
2 tracheal retractors
1 Anthony suction tip
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1 Good kte transformer
Source Good hte Co 7638 Madison St. Pard. Forest, It
1 Good lite rrﬂrctor—-ad)usu\ble beadhand

1 plashe face shield— (Broyles)
1 nasal speculum {Ingalls)
Source Geo Pilling & Son Phiadelphn #3865

1 pr protective glasses—clear non-comrective lens
{May be purchased from any local suppher)
IV Suchion machine {Comeo)
Source The Surgical Manufactuning Corp  Buffale N Y
vV Otygen supply should be on hand and ready for ynmediate use
VI Mucous trap {if specumen is desired)
VII Tracheotomy tubes Sowrce~Geo Pillmg & Son
Jachson trachea tube—full curve sterlog siher
with pdots Sizes 0 through 7 BR 4000-BR 4040
Jackson trachea tubes—~short luer type
Sizes O through 7 BR 4200-BR 4245
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EQUIPMENT NECESSARY FOR BRONCHOSCOPY TABLE

1 Bronchoscopes Sousce~Geo Pilling & Son Philadelphnn Pa

Cat No
#407 9mm x40 em Two hight carner BR1MS
#4086 6mm x40cm ” ” BR 1025
#304, 5mm x30em ” ” BR 1005
#303% 4mm x30em " 7 " BR 1000
#20-4 3 mm x 30 em ” BR 8520
#2033 3mm x30cm ” » BR 900

Metal aspirating tubes for above scopes BR 3200 BR 3340
Cleamng brushes for above small mediom large BR 2830

2 battery boxes (for battenes #2 LP) E 5700
11 Laryngoscopes
Miller #1 One lght BR 1845
Guedel BR 4847
Wisconsm
#12 14 16 Jackson Twnhght 105 115 120
3 curved laryngoscapes for use m tank
MacIntosh #3 BR 4845
Miller #4 BR 4847

1 special offset Forreger blade for use with tank
2 Forreger battery handles for folding scopes
111 Miscellaneous
§ laryngeal murvors Sizes0 2 3 4and § M5
3 tite blocks large medium small  BR 3000 BR 3025
3 metal mouth gags 1 rubber pratected #39
1 rubber pratected #70 E 5845
1 all metal (Fasiam) E 5340
Laryngo forceps with cuthng jans E7045
1 long curve metal forceps (any make)
1 DeVilbiss atomzer with 4% cocame solution
Assorted plastic aurways (intubation tubes)
Sizes O throngh 10 Magill tube (Portex)
Source Hawkes Division of Sierra Engineening Co
123 East Montecito Sterra Madre Clif
4 Berman plastic oral mrways
Sizes—mfant culd medum large  #2BTIS-H2TR2
Source Amenican Hospital Supplv Company
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The defimtions of symbols used in this representation of the lung com
1 ry pt

and used m pul logy mclude *2¢

TLC =Total Lung Capacity = the total gaseous volume of the chest
compariment at the pont of maximal mspiration (Average
6000 m! )

VC = Vital Capaaity = the maximum possible voluntary breath begn
ning at the position of maximum mspiration or expiration (Nor
mal mimimal values See page 175 ) {Average 4800 ml )

TV =Tidal Volume = the volume of a single breath (Average 350-800
m! per breath for adults }

R=Respuratory rate = the number of breaths per imnute (Normally
10 16 breaths per mnute )

MV = Minute Volume = volume of air breathed per minute = tidal vol
ume x rate (Normally 5-8 hiters per mmute )

MBC = Maxunum Breathing Capacity = maximum amount of air which
can be breathed voluntanly by increasing rate and depth of
breathing per umt tme (Usually measured for 15 seconds to
minmize hyperventilation and converted to hiters per munute )
Normally the physiology lab ry determimnes its own values
{range from 74 95 liters/mmute for females and 90 125 hters/
mmute for males)

RV = Residual Volume = the volume of air remaimng m the lungs after
a forced maximal expiration {Average 1200 ml )

FRC = Functional Restdual Capacity = the residual volume of the lungs
plus the expiratory reserve volume {Average 2400 ml)

ERV = Expiratory Reserve Volume = the volume of maxmum expiration
starting at the resting lung position (Average 1200 ml )

IC = Insprratory Capacity = the volume of maximum mspiration start
1ng at the resting lung position (restng expiratory level) (Aver
age 3600 ml )}

IRV = Inspiratory Reserve Volume = mspiratory capacity minus the

tidal volume (Average 3100 ml )

Restmg lung position or resting expiratory level = the lung post

tion with resprratory muscles relaxed and the arrway open

Dead arr space = the volume of air 10 one breath that occapies

the portions of the airway not participating m gas exchange

{Normally 110 ml for women and 150 ml for men )

Effectrve alveolar ventilation = the portion of the minute volume

of ventilation which reaches those areas of the lung concemed~=r"

Values gyven are only average for the adult male These figures change wath posttion of th
posstion of the

body age y size sex and altitud above sea level They may also be considerably dufferent
in 2 homogeneous grovp so that vanations must be larg to be abnormal
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PHYSIOLOGY OF RESPIRATION
APPLIED TO POLIOMYELITIS

R

“Normal” respiration 1n the quet steady state may be defined as
the optimal adjustment of the rate and depth of bresthing
which meets the metabolic demand for oxygen uptake and
carbon dioxide elimination with mmimal work, by the respira
tory muscles The ¢bb and flow of air mnto and out of the lungs
15 brought about by rhythmic changes m the volume of the
chest
The of events m pul y 1 mclude
Rhythmic activation of the mspiratory musculature
Muscular contraction leading to enlargement of the chest com
partment

Establishment of a mouth to alveolus (trans awrway) pressure
difference which 1s higher at the extenror than i the lungs

Air mflow mto the lungs which equalizes the pressure differ
ences (Inspiration )

N 1nhibition of sy y les as a result of lung
mflation

Decreasing volume of the chest compartment due to elastic
recoil of the distended lungs

Reversal of arway pressure differences

Lung arr outflow to lize the p (Expira
tion )

The compartments which the air 1 the lungs occupies under
static conditions (absence of movement) 1s illustrated by this

figure

L H Comroe Jr et ol Figure 2, Page 6 Published 1955
{;o :"h:?‘;ﬂlmfl’iol}:yl{fl:;:m Inc., Chicago HI Reprinted with the permission of

author and publisher
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MINIMAL OBSERVED VITAL CAPACITY VALUES IN
ADULTS AND CHILDREN

(Values given are 2 standard deviatsons below the mean)

CHILDREN AND ADOLESCENTS VS AGE *¥
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(it
ers ) 1
g 3 .
Z 4 [] U 14 T4 To T
AGE . YEARS
CHILDREN AND ADOLESCENTS VS HEIGHT 2
. —x Male P s
3 LT 0 femat ]
ve emole /
2 L 27 =
( Liters) P
: ‘_‘/ I
T

HEIGHT sn CENTIMETERS
ADULTS V§ AGE 2 *

— —x Malo
. Female

x AL

3 R e L da
ve g Rl N
2 [ ~ 2
(L ters) -
[ 1

| 1 i
L2 T5-3Y SO
AGE In YEARS

These values are given as stahstxcally sxgmﬁcant mimmum vital capacity

below wh m vital capacity must be
considered to have occurred
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with gas exchange (Tidal volume mnus Dead Space x Rate )
Averages about 35 to 50 hters per munute

It should be pomted out that the same mute volume of breathing ob-
taned by rapid rates and shallow tidal volumes achseves less alveolar
ventilahon than when 1t 1s obtamed by slower rates and larger tidal vol
umes Ths 1s true because with rapid shallow breathing the dead space of
the lungs must be emptied and flled more times so that Jess s 15 avatlable
for the emptying and fillng of the portions of the luag concerned with gas
exchange

The terms ed most frequently by the cl 1 the manage-
ment of respiratory poliomy elitis clude vital capacity, tidal volume, rate
of breathing nunute volume and maximum breathing capacity It 15 neces
sary to measure these values for the proper evaluation of pulmonary ventt
lation All of these measurements can be easly made with a recording
spirometer, ventilaion meter or some BMR machimes and a wateh ® (With
the exception of maxymum breathing capacity )

The climean must also pay careful attention to the pattem of the breath
g effort Serous disturbances m respiratory regulation can accur m bram
stemn mvolvement m poliomyehtis The pattern of ventidatory effort can be
sutably displayed with a recording spirometer

The effectiveness of pub y ventik 1 d by the accom
phshment of suficsent oxygen uptake for metabolic needs and the elmna
tion of carbon diovide m proportion to production This usually preserves
arterial oxygen content and hemoglobin saturation and mamtans the arte
nal carbon diovide content and partial pressure within a range which
permits optimal pH of the blood Exceptions are encountered only at cx
tremes of metabolism or duning voluntary ventilatory disturhances mn the
healthy person The procedures for the deter of gas and blood
chesmical values are not generally available with the exception of the oxy
gen uptale This can be measured easdy with an ordimary basal metabolism

spirometer

For sources of suftable spirometers and ventilatlon meters sce page .0

For gencral In re to see pages 70-83, and 94 102, Modern
Methods in Medical Research Vol 11 Edited by J H Comroe Jr The Year Book Publshers
o, Chicago Hhnois 1950 Pages 181 188 and 206 214 of this aame volume give informa
ton concemsng speafic test of lung funcuon

"The teader is referred slsa to The Lung by § §L. Comroe Jr et al, Tha Year Saok Fub.
Lshers Tac, Chrcago Nlnors 1955 23 & § verad reference on pulmonary physilogy
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MINIMAL OBSERVED VITAL CAPACITY VALUES IN
ADULTS AND CHILDREN

(Values given are 2 standard deviations below the mean)

CHILDREN AND ADOLESCENTS VS AGE ¥
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These values are given as Stabshcauy sngmﬁu-mt mnmum vatal capacity

below which m vital capacity must be
considered to have occurred
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with gas exchange {Tidal volume mmnus Dead Space x Rate )
Averages about 35 to 50 Iters per munute

It should be pointed out that the same munute volume of breathing ob-
tamed by rapid rates and shallow tidal volumes achueves less alveolar
ventilation than when 1t 15 obtamed by slower rates and larger tidal vol
umes This 1s true because with rapid shallow breathing the dead space of
the Jungs must be emptied and flled more times 5o that less air 15 avadlable
for the emptymg and §lling of the portions of the lung concerned with gas
evchange

The terms d most frequently by the cl mn the manage-
ment of respiatory pohomyehtis melude vatal capacity, tidal volwne, rate
of breathing mmute volume and maxunum breathung capacity It s neces
sary to measure these values for the proper evaluation of pulmonary vents
lation Al of these measurements can be easily made with a recording
sprrometer ventilation meter or some BMR machmes and a watch * {Witk
the exception of i breathing caprerty )

The cluucian must also pay eareful attention to the pattem of the breath
mg effort Senous disturbances 1n respiratory regulation can occur 1 bram
stem mvolvement m pohiomyehtis The pattern of venulatory effort can be
smtably displaged with a recording spirometer

The effectiveness of pulmonary ventdation 15 measured by the accom
plishment of sufficient oxy gent uptahe for metabolic needs and the chmmna
tion of carbon divnde 1 proportion to production This usually preserves
arterral oxygen content and hemoglobm saturation and mamntains the arte
nal catbon diomde content and partial pressure withm a range which
permuts optsmal pH of the blood Eveeptions are encountered only at ex
tremes of bolism or durng vol y latory disturk in the
healthy person The proced for the deter of gas aud blood
chemical values are not generally avatlable with the exception of the oty
gen uptake This can be measured easily with an ordinary basal metabolism

spu'ometer

JRSRSRE
For sources of suitable spirometers and ventilation meters see page 20
For general inf in regard fo sce pages 70 82, and 91102 Modem
Methods in Medical Research Vol 11 Edited by J M Comroe Jr The Year Book Publshers
Tne Chiesgo Iimols 1850 Fages 181188 and 206 214 of this same volume give informa

ton concerning speasfic test of lung function.
“The ttader fs referred slso to The Lund by J 11 Comroe Jr et ol Tho Year Book Pub-
shers Inc Chicago Hnar 1855 ax a general reference on pulmonary physiology




TREATMENT OF ACUTE POLIOMYELITIS 177

Practically the use of such data 15 imited to the adjustment of ventilation
dunng artificial resprration The estimation of the adequacy of ventilation
m the poliomyelitis patient who 15 breathing spontaneously 1s most relrably
mdicated by the vital capacity Tidal volumes and minute volumes are
difficult to obtamn with accuracy m the febrle acutely 1ll patient However
as soon as artificial resprration 1s utilized measurement of the tidal volume
15 usually possible and will aid ad of to pre
vent underventilation

The practice of spirometry 1n the patient 15 simphified 1f one considers
that 1tis applicable to older chuldren and adults and great care 1s exercised

and g the p dure to the patient Several
measuxemenls may be necessary to msure relable determination in the
wvital capacity A mouthpiece 15 better than a mask. The nostrils should be
occluded wath the tips of the fingers rather than by vngomusly squeezing
the nose Record, are most valuabl records
which can be viewed senally

MECHANICS OF BREATHING The pressures which are generated 1n
the thorax durng the breathing effort reflect the muscular work which 1s
bemng expended in enlarging the chest compartment and overcommng the
forces which tend to impede mflation of the lungs Fortunately the lungs
and chest are so d that the 1! which

1

\! begins at a bal d resting position or volume at

which the lendency of the lungs to collapse aud the chest to enlarge 15

qualized The work lved the of the chest com

m quiet breathing must then first, the rel of the

partually mflated lungs to be further distended (by virtue of their elastic
1ty) dly, the frictional to air 1n the air

aud 'last]y the fnction generated from moving the thoracie tissues and the
A derable portion of the work of breathing 15 uh
lized in stretching the lungs or therr el. and 1n
g frictional resistance to the air flowing mto them On the one hand slow
deep breathmg requires more work for avercommg elastic properties On
the other hand rapid shallow breathing requires greater speed of air move
ment and thereby mcreases ar flow resistance In the qumet steady state a
breathing rate 15 chosen at which mimmum energy expenditure occurs
Normally thus utihizes only a small fraction (less than five per cent) of the
oxygen consumed by the body As pulmonary ventﬂatmn mcreases to meet
larger \ ds work and In an
analogous manner as the disease state produces changes i the airway m
the lung tissue and m the tissues and position of the chest less efficient pul
{-;on;ry ventilation may develop for a given amount of respuatory muse
¥ effort

Some knowledge of the meck 1 of the lungs and chest 1s
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NOMOGRAM FOR PREDICTION OF
MINIMAL TIDAL VOLUMES

Nomogram for predicting the Tidal Volume necessary for normal
ventilation at different rates of breathing according to body

weight ®
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Correction of these values can be made m the followmg manner
Add 10% for daily actvity and eating
Add 5% for each degree of fever °F above rectal normal 99°
Add 5% for each 2 000 feet of residence above sea level

The values given above represent mimmum values 1 most chim
cal situations below which underventilation can be considered

to have occurred
A sprometer or ventilation meter 1s necessary for the appheation

of this nomogram
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. """"d““dhuan, by Edward P Tudiord, Jr. et al.. The New England Joumal of Medi.
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For practical purposes the most useful index of proper function of artf
cal respiratory devices 15 the adjustment of applied pressure and rate to
provide ventilation 1n the suggested ranges indicated on page 29 and to
msure that the results do not drop below the values obtamable from the

RELATIVE VENTILATORY EFFECTIVENESS O SEVERAL
RESPIRATORY DEVICES
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This figore fllustrates the tidal volm obtammed at equivalent respirator pressure
settings in the same subject. The rockmg hed values are placed in the ﬁgure empui
gn,‘,i since the angle of wchnation rather than pressure describes

e device

nomogram for tidal ventilation on page 176 1 this section Furthermore
careful and continuous clinscal observation of the patient s responses should
be carned out
Once f: y pulmonary \! has been h d the tank
respirator patient, 1t 1s necessary to the d
eﬂimency of the vanous auxxhary breathmg devices wlnch are frequenﬂy
ployed 1n early
The 1l

the Yahl,

and deff in
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therefore valurble mn the g t of the pohomyeltis patient The
effect of muscular paralysis 15 both clear and unmodifiable The elastic
behavior of the lungs and to a lesser extent of the chest may be altered 1n
poliomyelitis patients so that they are less compliant * % This mereased
resistance to elastic stretch or decreased “comphance” may dummsh the
ventlatory effectiveness of artificial respiratory devices® ® Furthermore
the respiratory patient may readily develop obstruction or narrowing of the
arr passages as a result of mucus accumulations n the trachea and broneln
breathing through a small tracheal tube and constriction of the bronchioles
so that aurflow resistance mcreases (See page 46 ) Pulmonary and crrcula
tory complications may affect both elasticity and the frictional charactens
ties of the lung tissue Accordmgly changes m elasticity of the lungs and
situations which lead to mcreased resistance to air inflow and outflow
should be appreciated mn order to adjust for therr effect upon pulmonary
venhlation

The clinicran can readily detect these unfavorable changes m the lungs
since they dimimish the mnflation of the lungs at a given respirator pressure
Recording the tidal volume of the patient in the tank respirator at the same
pressure and at regular mtervals dunng the course of 1llness often demon
strates 2 sudden or progressive reduction 1 tidal exchange with the devel
opment of pulmonary complcations These decreases m tidal volume
(measured at the same rate of respiration) are most often the result of ar
way obstruction When ventilatory problems are suspected to result from
such mncreased auflow resistance slower rates of breathing and deeper tidal
excursions may help to mummze this after all smtable corrective procedures
have been camed out In addition the decreased compliance of the polio-
myelitis patient may account for the reduced ventilatory effectiveness of
comparable resprrator pressures when contrasted to that obtamed n normal

subjects
ARTIFICIAL RESPIRATION The use of artificial resprratory devices
to ventilate the lungs depends upon the appheation of p to create a

pressure difference between the alveol and the extenior of the body pro-
moting air mflow In most mstances air outflow depends upon the passive
elastic recoil of the lungs The effectiveness of respirator pressures also
depends upon the mechamcal charactenstics of the arway the elastic
properties of the lungs and thorax aod upon air flow frictional resistance
much 2s 1 normal breathing Much larger applied pressures are necessary
however to provide adequate ventilation than are generated n the chest
compartment duning comparable tidal exchanges i normal breathing The
shaft from voluntary spontaneous breathing to art:ficial resprration s a large
one and considerable differences exist between them particularly from the
standpoint of the normal vanations 1n rate and depth of breathing
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PRINCIPLES OF THE OPERATION
OF THE TANK RESPIRATOR

AVOID VENTILATORY EMERGENCIES DUE TO IMPROPER
USE OF EQUIPMENT BY UNDERSTANDING THE
PRINCIPLE OF OPERATION

Prinaple of Operation
‘The patient s body 15 enclosed 1n the respirator with his mouth
open to the atmosphere
The bellows of the respirator creates a sub atmosphenc ar
pressure withn the tank and therefore within the patients
chest compartment

A from the rel ly higher p of the pt 18
forced into the lungs smce air pressures tend to become
equal

Arr flows out due to the passive recoil of the distended lungs as
the tank pressure returns toward atmospheric pressure
The volume of each breath depends upon
The amount of negative pressure 1 the tank (more accu
rately the pressure difference between the chest compart
ment and the externior at the mouth or tracheal opening)
The mechanical properties of the patients arway lungs
chest wall and abdominal cavity
The mmute volume of breathing depends on the pressure i the
respirator and the rate of cycling per minute

The tank respirator 1s a pressure breathing device It penodically sub-
Jects the patient s thorax abdomen and extremuties to a negative or sub
atmosphenc” pressure by virtue of 1ts bellows Like action A pressure grady
ent or difference 15 thus set up between the chest compartment enclosed 1n
the body of the tank and the upper awrway at the mouth open to the
atmosphere As the pressure m the respirator and thus m the chest com
partment dechnes below that of the atmosphere the pressure at the oral
cavity and trachea becomes positive 1n relation to the chest compartment
Arr inflow results from the tend of air 10 equaly; f
m ar pressure The inflated lungs then passively recod as the pressure

returns toward atmosphenc m the mtenor of the tank and arr ontflow 1s
achieved
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depth of tidal ventilation achieved by the tank respirator the most cffective
device the chest abdomen curass respirator the chest cuuass respirator
and the rocking bed m the same subject 3¢

The most practical impheation 15 that the effechiveness of the aunlary
devices 1s considerably less than the tank respirator so this must be taken
mlo account 11 pressure admstment Ventilatory ts should be
made for therr proper employment.

VENTILATION DISTRIBUTION AND BLOOD PERFUSION RE-
LATIONSHIFS of the lungs occupies an mportant ivestigatory area m
pulmonary physiology This refers to the complex problem of describ
quantiatively the manner m which the artenal blood wn the Jungs 1s exposed
to and reaches equilibnium with the ahveolar gases

Furthermore hsturbances of ventilation distnbution and blood perfusion
m the lungs probably cecur m the course of severe poliomyehtis (See
page 48 ) The patient with nvolvement of the bram stem and pulmonary
and circnlatory compheations may present alterations n artersal chemssty
which can be explamed only upon such a basis For the chaician treatment
of the provoeative conditions 13 more mmportant and practical thao the
d of these physiol 1 ab !
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PRINCIPLES OF THE OPERATION
OF THE TANK RESPIRATOR

AVOID VENTILATORY EMERGENCIES DUE TO IMPROPER
USE OF EQUIPMENT BY UNDERSTANDING THE
PRINCIPLE OF OPERATION

Prinerple of Operation
The patient s body 15 enclosed 1n the respirator with his mouth
open to the atmosphere
The bellows of the respirator creates a sub-atmosphenc aw
pressure within the tank and therefore within the patients
chest compartment
Air from the relatively higher pressure of the atmosphere 1s
forced 1nto the lungs smce air pressures tend to become
equal
Air flows out due to the passive recoil of the distended Jungs as
the tank pressure retums toward atmospheric pressure
The volume of each breath depends upon
The amount of negative pressure i the tank (more accu
rately the pressure difference between the chest compart
ment and the extenor at the mouth or tracheal openmg)
The mechanical properties of the patients awrway lungs
chest wall and abdominal cavity
The minute volume of breatk d ds on the p m the

resprrator and the rate of cyclmg per mmute

The tank respirator 1s a pressure breathung device It peniodically sub-
Jects the patient s thorax, abdomen and extremties to a negative or “sub-
atmospherc” pressure by virtue of 1ts bellows hike action A pressure gadl
ent or difference 1s thus set up bety the chest p
the body of the tank and the upper arway at the mouth open to the
atmosphere As the pressure i the respirator and thus m the chest com
Partment declmes below that of the atmosphere the pressure at the oral
cawvity and trachea becomes positive 1 relation to the chest mmpartmem
Arr inflow results from the tend. of air to
m arr pressure The mflated lungs then passively recorl as the pressure

Teturns toward atmosphenc 1n the mteror of the tank and air outflow 1t
achieved
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depth of tidal ventalation achieved by the tank respirator the most effectve
device the chest abdomen cuwrass respirator the chest cwrass respuator
and the yocking bed 1n the same subject 3

The most practical mmpheation 15 that the effectiveness of the auxbiary
devices 15 considerably less than the tank respirator so this must be taken
mto account m pressure adj Ventidatory ts should be
made for ther proper employment

VENTILATION DISTRIBUTION AND BLOOD PERFUSION RE-

LATIONSHIFPS of the lungs pies an unp mny y area 1
pulmonary physiology This refers to the plex problem of descrbing
quantitatively the manner 1n winch the arteral blood 1 the Jungs 1s exposed
to and reaches equlibrium with the alveolar gases

Furthermore disturbances of ventilation distnl and blood perft
m the Jungs probably occur m the course of severe pohomyehtis (See
page 48 ) The patient with mvolvement of the brain stem and pulmonsry
and cireulatory comphcations may present alterations in artenal chesmstry
which can be explamed only upon such a basis For the chmoan treatment
of the provocative I 15 more g and p 1 than the
d of these physiological abnormalibies
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PRINCIPLES OF THE OPERATION
OF THE TANK RESPIRATOR

AVOID VENTILATORY EMERGENCIES DUE TO IMPROPER
USE OF LQUIPMENT BY UNDFRSTANDING THE
PRINCIPLE OF OPERATION

Prnciple of Operation
The patient s body 15 enclosed 1n the resprator with hus mouth
open to the atmosphere
The bellows of the respirator creates a sub atmosphene air
pressure within the tank and therefore within the patients
chest compartment
Aur from the relatively hugher pressure of the atmosphere 1s
farced into the lungs since mr pressures tend to become
equal
Air fows out due to the passive recoil of the distended lungs as
the tank pressure returns toward atmospheric pressure
The volume of each breath depends upon
The amount of negative pressure n the tank (more accu
rately the pressure difference between the chest compart
ment and the exterior at the mouth or tracheal opening)
The mechamecal properties of the patients awway lungs
chest wall and abdommal cavity
‘The minute volume of breathing depends on the pressure m the
l_ respirator and the rate of cychng per minmte

‘The tank respirator 15 a pressure breathing device It perodically sub-
Jects the patient s thorax abd and to a neg: or “sub

atmosphenc” pressure by virtue of 1ts bellows like action A pressure geads

ent or difference 15 thus set up between the chest compartment enclosed m
the body of the tank and the upper auway at the mouth open to the
atmosphere As the pressure in the respirator and thus in the chest com

partment dechines below that of the atmosphere the pressure at the oral
Ccavity and trachea becomes positve 1n relation to the chest compartment

Arr inflow tesults from the tend y of axr to equalize duff

i ar pressure The iflated lungs then passively recoil as the pressure

retums toward atmosphenc mn the mtenor of the tank and awr outflow 15
achieved
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Inabshity to produce sufficient pulmenary ventilabion with the tank respr
rator 1s more often a consequence of altered expansibihity of the lungs than
a result of msufficient negative pressure Increased resistance to air nflow
from an obstructed awrway 1s the most problem Add 1
changes occur m the elastic properties of the lungs and chest wall which
mpede distention of the lungs ¥ The development of comphcations leading
to wncreased resistance to air flow m the air passages and changes yn the
elastic properties of the lungs usually impede pulmonary nflation This
results 1 a decreased tidal exchange at the same respirator negative pres
sure settmg




GLOSSOPHARYNGEAL BREATHING

USE OF THE PHARYNGEAL MUSCULATURE TO
PUMP AIR INTO THE LUNGS

USE Glossopharyngeal breathing may aid the respiratory patient
by permitting lum to
Talk and speak loudly
Take a full mspiration for coughmg efforts

Increase chest expansion
t tete denend h

D upon I aids and to
facilitate care and changes in equipment i the apneic patient.

Use of glossopharyngeal breath d ds careful of 1ts
hysiol I effects on 1 The stroke volume of each swallowing
maneuver should be measured so a proper “t1dal” volume and safe penod of
expiration can be determmed Most patients who have learned glosso-
pharyngeal breathing spontaneously tend to pump arr i for long mtervals
with imfrequent expiratory efforts This 1n effect 15 a Valsalva maneuver
which progressively interferes with venous return and thus cardiac output
Pacing of glossopharyngeal breathing should therefore mclude a careful
decision as to the safe number of cumulative ‘breaths” per mmute and
number of swallowing strokes per breath This may be done by sumple
spirometric Penodic latory luation 1s 1nd. d as
described 1n Methods of Eval the y Patient for the Pro-
gressive Weaning and Rehabihitation Program  (See page 144 ) Glosso
pharyngeal breathung should not be pushed to the pownt of physiclogical
compromise Just as this 1s avoided m careful scheduling of spontaneouns
breathing cuurass ime etc
“Step1 The cycle begms wath the taking of a mouth and throat full of
air by depressing the tongue and the floor of the mouth There
1s 2 widenung of the pharyngeal space Whle ths 1s done the
laryngeal onfice 1s kept closed
Step2 The hips are closed and the soft palate rased to trap the ar
Step3 The laryntis opened and the floor of the mouth 15 raised while
the pharynx 1s constricted This together with progressive back
ward motion of the tongue forces air through the opened larynx
mto the trachea
Step4 The larynx 15 closed and air 15 trapped 1n the trachea and lungs
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These four steps are repeated asin & pump Each stroke of the piston fol
lowing the preceding one As m a pump there are check valves at the en
trance to the mouth and at the larynx to close off the awr at the proper time
From a series of ten such strokes the amount of air accumulated m the
lungs 15 comparable to 2 good sized breath Swnce the glossopharyngeal
pump 15 reciprocal 1 motion the timing of the air movement through the
larynx alternates with the movement through the entrance to the mouth

The stroke by stroke Bling 15 wmspwation  Expration results when the
Jarynx1s opened permittng all the accumulated i to eseape passively ™ ¥



THE MANUAL ASSISTED COUGH

TECHNIQUE

The assistant stands at the head of the patients bed (usually
on 2 chair) so that hus waist 15 above the patient s head.

Place the hands on the patients chest wath the heels of the
hands just below the clavicle and with the fingers directed

distally

The patient takes a maxumum 1nspiration and closes hus gloths
The quickly and forcefullv sustams a d
and forward pressure on the chest with lus body werght be-
hind the push of the hands As maximum pressure 1s reached
the patient produces the cough by openmng his gloths

An abd 1 binder of the cough.
(A folded sheet under the back, pulled tightly across the
abdomen and secured 1mder the hups by the patent s weight
makes a good bmder )

If the patient 15 using a cwirass respirator 1t can be left m pos:
ton and the assistant s hands shpped under the shell Some
patients can be coughed with manual pressure on the out
side of the shell

An ]neﬁ'ectne Cough May Be Due to
dults with 300ce vxta! capac-
with

1ty or lower need to l
ryngeal breathng positive pressure through the mouth ora
maxnmum wnsprration with the cwirass respirator set at ats
Inghest effective pressure
Poor coordmation between the patient and assistant.
Insufficient pressure or a quick, jerky motion by the assistant.
Inadequate bindmg of the abdomen

The manual assisted cough 1s useful for pahents who cannot produce an
effective cough due to y and l muscle paral
method eluminates placing the pahent m the tank respu'ator for coughmg
only or the necessity of having a cough machme Patients with some spon
taneous breathing can gan a better cough manually than with mechameal

The 15 not adaptable 1f the patient 1s 1 a tank respt

rator and it requires great coordination on the rocking bed.

The techmique requires two to three sessions for mastery Regular cough-
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These four steps are repeated as mn a pump Each stroke of the piston fol
lowng the preceding one As in 2 pump there are check valves at the en
trance to the mouth and at the larynx to close off the aur at the proper time
From a senes of ten such strokes the amount of air accumulated 1n the
lungs 1s comparable to a good sized breath Since the glossopharyngeal
pump 15 reciprocal m motion the timmng of the air movement through the
larynx alternates wath the movement through the entrance to the mouth

The stroke by stroke filling 15 wspiration Expiration results when the
larynx 15 opened permutting 21l the accumulated air to escape passwvely ™¢ ¥
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THE VACUUM CLEANER ASSISTED COUGH FOR
RESPIRATOR PATIENTS

USE ORDINARY TANK TYPE VACUUM CLEANER

Place patient m a tank respirator and carefully adjust collar and
all portholes for the best possible seal agamst leaks

Reduce cyching rate to the slowest position (12 per minute)

Increase inspiratory negative pressure to the manmum value ( 25
to -30 cm of water) to obtamn maxumum “tank” mspiration

Close exprratory positive pressure valve or flap completely for
manumum positive pressure (+5 to +10 em of water)

The patient 1s mstructed to “hold” hus breath after each maximum

y cycle of the Thas 15 act d by voluntary

clostre of the glottis after a full msprration

Whule the patent 1s holding hus breath and the respirator cycle 15
gomng toward the positive expuratory side the mtra tank pres
sure 1s supplemented by attaching the vacuum hose to the
respirator It 1s connected to the ‘blow” or positive pressure
side of the cleaner A porthole may be used with a large towel
wrapped around the hose to mamtam a seal It 1s best to make
a fitng for the respirator designed to receve the vacuum
cleaner hose with a simple shut off valve otherwise for each
cycle the hose must be removed and the porthole closed

‘When the positive pressure m the respirator reaches 25 to 40 em
of water the patient 15 told to cough

Repeat no more than 4 times during a treatment

DO NOT USE NEGATIVE PRESSURE GREATER THAN 30
em of water if patient has atelectasis

The vacuum cleaner serves sunply to supplement the respirator posiive
pressure durmg and p ap gradient for the patient
after a full mspuration which 1s sufficient to produce a rapid expiratory air
blast when 1t 15 tnggered by the sudden opening of the glotus Usually the
patient 1s able to “clear lus throat and expel large quantities of mucord
matenal The disadvantages of the procedure include nt 15 usua]]y effective
only as 2 preventive measure 1t 1s m the d patrent
‘with open tracheotomy tube there 15 need for voluntary synchromzation

of “t:: patient s effort and there must be effective sealing of the respirator
©0
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g in the mornings and at any time needed to clear accumulated secretions
1s beneficial and gives the patient both confidence and competence should
an emergency arise

The upper chest technigue 15 more effective and causes less discomfort
than pressure on the lateral chest or abdomen * A similar techmque to this
employs manual pressure to the interscapular area of the back wth the
patient m the prone position This position lmts mspiratory volume
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RESPIRATORY EQUIPMENT

Optunum use of equipment such as cuirass respirators and rockng beds
depends ]a;gely upon the expenence and profictency of the personnel and
Op

15 best . rated by bed
side mstruction and parhicipation The absolute necessity of famlhanty with
camot be ph d for its sful employ 1 the

care of the convalescent respirator patient Cuurass respirators have been
utthzed for brief periods for nursing care and physical therapy 1n the earhest
afebnle phases i the uncomplicated patient In general cuirass respirators
and roclang beds have not been utihzed as 2 pnmary breathng aid at the
onset of respiratory muscle paralysis because there 1s ittle doubt that they
have less manmum ventilatory effectiveness than the tank respirator

The following section on the and fications of
used respiratory equpment 1s based upon the expenence of a Respuatory
Center and the Equipment Mamtenance Pool of the National Foundation
for Infantile Paralysis Inc at Jefferson Davis Hospital

The section 15 mtended to lughlght mmportant general information not
readily available 1t 1s not complete nor can it be since any smgle expentence
wall not meclude all of the diffe types of
the entire country

This matenal must not be dered either an end, or a cnticism
of a particular manufacturer s product The majonty of the manufacturers
contmuously modify or alter equipment based upon espenences reported
by users Thus descniptions of apparatus cannot heep pace with changes
These suggestions however apply to currently available apparatus

This mformation has been mcluded 1n the sy]]abus because proper opera
tion and of 18 ly of the utmost
1importance for the successful medlca] care of the respirator patient
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The method does not duphcate the eﬂicxency of a normal cough 1n which
intact abd lly forceful properl
timed exprratory air blast whnch 15 tnggered by sudden glottic openmg
Failure of the method 1s mdicated by a continuation of the signs and
symptoms of retamned tracheal secretions

Do NOT use high negative respirator pressures when over distension
and possible rupture of ventilated lung tissue may oceur as a result of
atelectatic lung tissue which 1s not likely to expand
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OPERATION OF RESPIRATORY EQUIPMENT

TANK RESPIRATOR

TO CHECK OPERATION OF TANK RESPIRATOR
Place a piece of cardboard or 2 pillow 1n the head openmg Tum on the
motor and adjust valve to increase negative pressure The gauge should
record at least 2 manmum negative pressure of 28-30 cm of water at
2 rate of 20 strokes per mnute

COMMON FAILURES AND THEIR CORRECTIOY
INSUFFICIENT NEGATIVE PRESSURE

On tanks check for leaks around portholes collar extra outlets cot
adjusting handles In curass respirators check hoses and shells

Negatuve pressure release valve sometimes sticks m the open posthon

If gauge does not move check connecting hose to gauge if present.

Head end gaskets become defectve but more often there 15 a towel
sheet or strap preventing an adequate seal

EXCESSIVE POSITIVE PRESSURE—usually 15 caused by an inward
leak on the negative stroke
Look for leaks allowing too much air to be drawn mto the respirator
on the negative stroke and which cannot be exhausted on positive
stroke M negative p: will be d d
Sometiumes the positrve valves stick closed or eonnecting rods and han
dles become loose and do not open the valve Find the valve to which
the control connects and turn this valve by hand m an emergency

MOTOR FAILURE.—1s not usually due to 2 burned out motor on the tank

respirator
Check the followng things first
Belt m place
Electne plugs for tigh of (E: has extra plugs on
‘motor)

Plug a fioor lamp 1mto the plug on the side of the tank. If hight operates
current has traveled to the switch on the tank. If hight fals to op-
erate tank connecting electncal cord may be faulty or damaged by
moving pasts

Then plug electric lamp 1nto the plug on the motor If Iamp hghts when
switch 15 oo the short 15 between motor plug and motor If lamp
fails to hight the trouble 15 m the switch

Motor Falure—h: ) motor availabl
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GENERAL CONSIDERATIONS
IN MAINTENANCE OF RESPIRATORY EQUIPMENT

UNDERSTAND THE MACHINE BEFORE MAINTENANCE OR
REPAIRS ARE ATTEMETED!

Always read the manual of mstructions and follow the lubnea
tion instructions

Do not over o1l the motors

Keep the equipment clear of the walls and furmiture to prevent
moving parts from bemg damaged

Avoid the use of other large electrical appliances on the same
circutt

Promptly replace wom or defective plugs and cut or brussed
cords

Keep a lamp or crrcuit tester available 1n order to check quckly
the outlet for power

Know m advance the posttion of an alternate outlet on another
ciremt

Lock or block the casters before working on equpment

CAUTIONS
Do not attempt to repair or lubricate machmes while they are
m operation—injuries and damage to equipment will result
Do not leave machine plugged 1n crrewst even though swatch 1s
off Some winng 1s exposed and electrical shock can occur J

PREVENTIVE MAINTENANCE 1S CHEAPER AND SAFER
THAN EMERGENCY REPAIR!
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M Both manufacturers make Jumor Size Models which achieve
smaller size and mclude faster rate range Emerson also manufac
tures an nfant size tank resp A for pa
tients who are over 6 feet 1n height 15 also available

Motors for specral operating voltages and cycles or direct current
use can be provided

Width of the Emerson can be reduced to 30% mches by removing
the cot clamps and cot clamp bolts height to 55 inches by remov
ing the pressure gauge and length to 93 inches by removing the
head rest

Recent models of this respirator have used an mstantly available
emergency hand pump lever

MAINTENANCE SUGGESTIONS
Drnker Collins Tank Respirator
Connecting hose can be replaced with Jh dshield wiper
hose on models with the gauge on the side mounted instrument
panel
Leakage through arm port doors can be mimmized with shuns under
the door retaimng chip when sponge rubber port hole becomes soft
and worn
Failure for rate change to oceur 1s usually due to failure of the spht
pulley on the gear box Apply lubricant to pulley so that 1t works
freely and separates eastly
Emerson Tank Respirator
Full range of rate may not be obtamed with worn motor dnve belt
beanngs
As a result of wear i the bellows cantilever offset arm excessive vibra
tion or bellows slap develops at high rates

cese
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SPECIFICATIONS OF COMMONLY USED RESPIRATOR

TANK RESPIRATORS

EQUIPMENT

RESPIRATOR TRAYS AND HEAD ENDS ARE INTERCHANGEABLE
IN THE SAME MODELS OF THE MACHINE IN AN EMERGENCY

Type Drimker Collins Emerson Respirator®
Respurator®

Rate & Pressure Range | Rate 10-44 mun Rate 10-28 min

Press +1to+20 Press +0to+15
~1to-30t0 35 cm -0to-30

Operating Voltage 110 VAC 60 cycle®® 110 VAC 60 cycle®*

Motor HP %th 1/3rd

Starting Amperage 84 112

Running Amperage 42 (mcludes hight) 56 (includes Lght)

Recommended Fusing | 20 amp 20 amp

Weight (Ibs ) 608 700

Height overall (inches)| 58% 61

Wadth overall (inches) | 31% 325,

Length overall (inches)| 75% 96

Operating & lubricating

1nstructions On the side On the side near gauge|
Emergency operation | Integral butmustbe as (Integral and immed:
sembled foruse®®*® |ately available

Manufacturer Warren E Collins Inc  {J H Emerson Co

555 Huntington Avenue |22 Cottage Park Ave

Boston 15 Mass

Cambnidge Mass

NOTE Values given for rate and pressure are vanable and dependent upon

the age and condition of the machme these are only average ob-
tamnable values encountered 1n ordinary use
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TREATMENT OF ACUTE POLIOMYELITIS 197

(4-6 hours) for the purpose of transporting patients and as a safety
measure for power failure
The pow er umt and respirator are basically the same It uses 2 motor and
gear box to move a piston m a large cylmder through a complete cycle thus
developmg both posttive and negative pressure Valves are controlled by
knobs on top to adjust negative and positive pressure The speed 1s regu
lated by changing the motor pulley ratio by using the knob on the side of
the umt An electnical speed d the per minute
on the top of the machine
The 24 volt unit will operate from ordinary house current 110 V AC
60 cycles when used wath the rectifier and battenies Simply plug the rects
fier mnto a wall outlet plug battery and respirator 1to rectifier and at works
as a straight 110 V AC umt The rectifier and battery should be plugged
mto the wall outlet at all times even if the umt 1s not being used to mamn
tam a full battery charge
Mamtenance suggestions
This f; provides a manual and op g service
01l Leaks
There should be a breather cap on top of the gear box If not one will
be supphed by the manufacturer If it has a breather cap and leaks
obtam a new gear box

UNIVERSAL MODEL MONAGHAN PORTABLE

Descriphon  There 15 a dial type gauge on the front of the machme
reading from 0 to 60 pressure and 0 to 60 vacuum m millimeters of
mercury

This machine operates from a  HP Iugh speed 24 V centnfugal blower
with utihzation of both suction and pressure outlets The pressure 1s
changed from positive to negative by the means of a four way valve oper
ated by an electric solenoid Rate and per cent of eycle occupied by mspir
atory negative pressure are timed by an electrome device The amount of
positive or negative pressure is determined by the amount of leak to the
atmosphere through ports operated by adjusting knobs sumilar to those on
other respirators

Tt 15 well to note that the hand operation 1s simple but the hose must be
moved from 1ts normal fiting and mserted 1n the emergency fitting on the
front opposite end from the normal fitting Then simply pull the red handle
up and down at the desired rate



196 TREATMENT OF ACUTE POLIOMYELITIS

GENERAL POINTS TO CONSIDER IN THE USE OF
CUIRASS RESPIRATORS

Usually the chest abdomen type of shell (eg the Techmcon
Huxley) 15 best employed if available when the patient 1s fisst
mtroduced to cuwrass artificial respiration

‘There 15 very often a leak at the shell of a switable pressure cannot
be obtzined The fitting and adjustment of the shell 15 a prac
ticed art and fambanty with wh prece of equi t 15
at hand 1s the most important consideration

Extremely high shell pressures may not be as effective as lower
pressures if the patients body touches the shell other than at
the seal

The chest and chest upper abdomen type shells (e g the Monag
han A shell} are particularly useful when the respirator must
be utilized for the sithng patient or when the patient 15 moved
from tank to bed for example

These devices are not substitutes for the tank respirator except 1n
emergencies In acutely 1ll patients they may be effective and
their [ater use m early convalescence seriously jeopardized be
cause the patient will not have confidence 1n them

Pressurc adjustments are individual and may be cntical because
1t 15 dufficult to produce a mechameal adjustment which will
cause a hinear change 1 pressure for the revolution of the pres
sure control knob This does not mean a defective machine

LUBRICATION IS EXTRCMELY IMPORTANT IN THESE
DEVICES and should be carried out n accordance with the
manufacturer s mstructions

DO NOT TEST THE PRESSURE THE MACHINL CAN DE
VELOP BY PLACING THE HAND OVER THL HOSL!
Damage to the pump or the pressure gauge will result

DESCRIPTION AND MAINTENANCE OF
CUIRASS RESPIRATORS

TECHNICON HUXLEY
Descnption Thys sespirator comes in a standard 110 V AC unit to oper

‘ate on ordimary house current and fn a battery rectifier operated unit
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MAINTENANCE SUGGESTIONS

UNIVERSAL MONAGHAN

Study the manual BEFORE repairs become necessary

In rough handling or on land tnps electrome components may
vibrate loose It 1s simple to change tubes and relays smee
radio tube connections are used These parts are located on
the back of this machme at the upper left Each one will fit
only m the proper socket Check to see that the connections
are tight

To change brushes m this machine read the manual or the in
structions which come with the new brushes They will last
a long time 1f mstalled properly

Cautions

Do not cover the ventilation holes on the outside of this ma
chine with pillows or sheets otherwise overheatng and dam
age readily oceur

As with any chest respirator keep small children from dropping
small articles in the hose outlets Results can be amazing
Coms bobby pins even pamt brushes have been removed
from many chest respirator machmes This hazard applies to
all models by any manufacturer

HOSPITAL MONAGHAN
To ehmmate nose on pulley at gear case apply one drop of ail
on stationary end of end beanng surface while motor is
stopped
To elmnate squeak of belt apply two eye droppers of any
standard brake flud to mside surface of belt while motor 15

stopped
For any other maintenance see manual or call nearest dealer

DO NOT PUT HANDS INSIDE MACHINE WHILE
MOTOR IS OPERATING!
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MAINTENANCE SUGGESTIONS

UNIVERSAL MONAGHAN

Study the manual BEFORE repairs become necessary

In rough handhng or on land tnps electronic components may
vibrate loose It 1s simple to change tubes and selays smee
radio tube connections are used These parts are located on
the back of this machine at the upper left Each one wll fit
only m the proper sochet Chech to see that the connections
are tight

To change brushes mn this machine read the manual or the in
structions which come wath the new brushes They will last
a long time 1f mnstalled properly

Cautions

Do not cover the ventilation holes on the outside of this ma
chine with pillows or sheets otherwise overheating and dam
age readily occur

As with any chest respirator keep small chuldren from dropping
small articles mm the hose outlets Results can be amazing
Coms bobby pms even pamt brushes have been removed
from many chest respirator machines Thus hazard apples to
all models by any manufacturer

HOSPITAL MONAGHAN
To ehmnate noise on pulley at gear case apply one drop of ol
on stationary end of end bearmg surface while motor 1s
stopped

To elimmate squeak of belt apply two eye droppers of amy
standard brake flud to mside surface of belt while motor 1s
stopped

For any other maintenance see manual or call nearest dealer

DO NOT PUT HANDS INSIDE MACHINE WHILE
MOTOR IS OPERATING!
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Special Accessorres for Rocluny, Beds

The Emerson alarm nngs a bell or can be made to flash ights
1f the bed stops rockmng

A piston pump d to the bed synct 1ts action
with the rocking Emerson offers these for operatng a chest
respirator crurass and Tomac has a symlar device A small
bellows under the bed to give mtenmttent posmve pressure
to a mask or trach y has been d

A remote control {low voltage) switch which the patient can
operate by the touch of a finger {or toe) 1s sometimes useful
Home patients especially may need this for starting and
stoppmg their beds

Deckert 3 crank orthopedic bed tops are available on two Em
erson models They provide a great vanety of positions that
are valuable n orthopedic care All new Emerson models
have bed tops that permit hyperextension of the back

L P each type of bed (Gen
erally m the form of an attached metal instruction plate )

Cautions
Beds should be blocked so that they cannot creep while m mo-
tion thereby strilang on a piece of furmiture and causing
damage to the end other furmture and the patient

NEVER ATTEMPT TO REPAIR OR LUBRICATE A BED
WHILE IT IS OPERATING!

201
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GENERAL DESCRIPTION—ROCKING BEDS

* Motors for all types of rocking beds are for 110 V 60 cycle smgle
phase Alternating Current except when other charactenstics have
been spectfied

** Roclung beds are wider than ordinary house doorways For patients

gomg home this problem can sometimes be solved by demounting
the bedsprng from the base (Emerson advertises this for Home
Intermediate Models )

*** Respiration rates as set at the factory are shown mn the chart above

but on some beds faster or slower rates can be obtamned bv substitut
g a larger or smaller pulley on the motor shaft (or gear box) Adult
size beds should seldom be run faster than 30 rpm because of
vibration and strain Youth size beds are available for higher speed
ranges

°*®° Maximum mchnation ncludes both the head down and foot down

sectors These may be equal but more often are predommantly foot
down In most models the proportion of each can be changed by
altering the length of the connecting rod In some beds (Mchesson
Resprraid and Tomac) a special control for thus adjustment 1s nte
gral and will operate while the bed 1s 1n motion

Much the same effect 15 obtamed by gatching the head of the bed
up or down However the are through which thed 1aphragmatic area
moves may vary greatly m relation to the fulerum of the bed Both
comfort and ventilatory effectiveness must be acheved by careful
individual posthioning and mechanical adjustments

If the head of the bed 1s too hugh the patsent s ventilation decreases
(because of madequate expiration) and stramn on the motor greatly
mcreases The patient should be properly distributed for balance on
the bed Rocking 15 then smoother the motor draws less current
and the patient breathes better

Unlike tank respirators which can be pumped by hand rocking
beds provide no satisfactory means for hand operation n the event of
electric power failure This 1s a danger that must be taken mto ac
count whenever a patient 15 fully dependent on the rocking bed
(especially home patients) A manual breathing aid should always
be available such as the Emerson band bellows 1esusoitator
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INDEX

An astenisk { ) indicates reference to an fllustration:

A

Abdomnal muscle weakness
coughm 17 109 148 149
Accessory neck muscles use m breathing 147
Acidosis of arterial Blood 35 36 135
see also Laboratory exammations
Adrenocortical stress 139
Aurway obstruction, 23 40 43
Alkalosis of arterial blood 35 36 48 135
see also Laboratory examinations
Amencan Hosp tal rocking bed (Tomac) 199
Anaesthesta 129 130
Antibiotics 9 62 132
see also Drugs
Apparatus assistive 123
sce also Treatment, braces and sphints
Apprehension, 15 24 95
Artenal oxygen saturation 36 47 48 63 174
see also Physiology
Artificeal Respiration
apparatus for 169 201

inability to

see also Specific equipment
aunxiety and psychological adpustment to
25 27
d and 1rregular 52

Bblography 203-205

Buocherical disturbances 35 63 61

Bladder unnary retention 74

Bleeding gastromntestinal 57

Blood chemistnes (See Laboratory examuma
tions)

Blood Pressure 8 15 24 34 41 53 59 143
144 160 163

BMR machune use of 20 48

y
posbonmg © 12 14, 39 150
abgarsent, 11
hyglene 10
2¢e olso Nursing care
Braces (See Apparatus asswtve)
Bradycardia, 53
Breathung see also Physiology
exercises 150 152
glossopharyngeal 183 184
increasing effectiveness of 140 141
mjudicious  signs of excessive unarded
breathing 161
respuratory muscle function in, 147
scheduling respiratory aids 142 143 148
44 62

infections and, 145
indicatons for 17 21
msensible water loss and, 68
‘hazards of 2!
Laboratory examnations in 35 36
measurement of 20 32 48 60
see also Physiology Tidal Volume Min
ute Volumes ete
metabohe disturbances and 84
pregnancy and 7881
pulmonary comphcations 34 61 62, 146
Tespiratory muscle paralysis 22, 23
respiratory tusufficiency 23
see also Underventilahon and Asphyxia
Asphyna, 23 24 41 57
Aspiration tracheobronchual 41 60
see olso Suchon
At lectasis 34 60
see also Treatment of
Autonomre Dusturbances 5. 54
see also Treatment of

Bed rest, 9

Bennett posiive pressure breathing equip-
ment, 80

equipment for 170 171
Bronchospasm 57
Bulbar .3 37 38 51
sz¢ also Swallowing impairment, autonomic
disturbances
imaidence of 7 16
Bulbo-spmal Poliomyelitis
madence of 7
Bund.l: braoch black, 59
(Se

Burns mcldng bed 199
[+
Caleum wetabolism disturbances of 70 135
]

Calonc Requurements 67 71 72 134
Carbon dionide retention 35 38 47
Catheterzzation, bladder
ndications for 74
technique of removal 75
Cerebrospial flurd changes 8
Chest respirator {See Curase and by manu
facturers name)
Cheyne-Stokes respiration, 51
Circulatory Disturbances 24 34 51 53 59
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see also Pulse Blood pressure and Auto-
nomue disturbances

Circumoral pallor 15 24

Constipation and mmpaction 76

Contractures 105 122

Convalescence pnnciples of care 98 103

Corseting 123 149

Cough and coughing methods of 61 141
185188

Catically 11l patient (See Serious poliomye
Ltis diagnoss and signs)

Croupette tent 50

Currass (See by }

TREATMENT OF ACUTE POLIOMYELITIS

paralytic and non paralytic disease 8

pneumonitis 60 61

reflex changes 8

renal imparrment obstructron and infection,
131 135

respuratory msufficrency 22

respiratory muscle paralyss 1719 147
148

senous pohomyebts 15 18

serological tests 3 8

statisties 5 6 7 16

stress 163
1! difficulty 37 38 41 42

adjustment of 21 179 195 196

contramd:cations to use 20 21 79

mdications for use 44 141 142

mamtenance of 196 198

scheduling use 143

speaifications of 195

types and manufacturers of 194
Cyanosis 24 33 41

D

Deep breath techmque 61
Deformities (See Contractures Range of Mo
tion Stretching and Treatment of Mus
cle Paralysis)
Dehydration 63
Diagnosts
awrway obstruction 40
asphyxa 24
aspiration 41 60
atelectasis 60
autonomic abnormalities 53 59
iochemical disturbances 35 63 64
central respiratory disturbances 51
diseases simulating polromyelibis 5 6
encephahtis 51
emotional disturbances 95 96
eye signs (opsocloma) 15
fabigue 98 161 162
fecal impaction 76
gastrointestmal distention 27 51 53
genitournary fection 131
bypona 46
1mmobilization syndrome 138
srregular respirations 51
menmgismus 8
metabolic disturbances 63

myocarditis 53 57

muscular weakness and paralysis 105 107

14
nephroltiuasis (renal stones) 131

temperature changes 8 15
types of poliomyeliis 7
undervenhlation 22 23
urinary retention 74
Diaphragm paralysss (See Resprratory musde
paralysis}
Draphragm weakness signs of 17 147
Diet 65 67 7173 134
Discharge planming 166 187
Distention  gastromtestnal 27 28 53 131
163

Drinker Collins tank respurator 192
respurometer (sprrometer) 20

Drugs use and dosage
ACTH contraindications to 10
aleohol—5% mtravenous 55
Apresoline 136 137
aminophylline 58
Aspinn 55 56 131
atropine 56 129
Banthine $6
barhiturates 52
chloral hydrate 52
Chloromycetin 132
cocaine soluton—4% 170
contramdreated drugs 10 55 56
cortisone 10
cyclopropane 129
Demerol 80
digitalis 57 58
Dionosil 37 42 88
Dorbane 76
ephednne 57 62
Furadantin 132
hydrogen peroude—2% 87
Levopked, 56
Prostigmme 27 28 74
Raudinn 137
Rawloid 137
Sclsun 85
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Suby s solution 75
Thoraan 79
Usecholine 75
Dysphagia (See Swallowing Impairment)

E
Edema 163
see also Pulmonary edema
Electroca diograms  changes i 53 57 59
70 139 143 144 181 163
Electrolyte distarbances 1 serum and treat
ment, 63 82-67
Elasticity of lungs disturbances of 177 178
(See Physiology)
Embryocardua 53
Eme gency plaste arways 170
Emotional changes and considerations 10
95 98 97
Emerson equipment
chest respirator 194
rocking beds 199
tank respirator 192
tracheotomy hunudifier 50
ventilation raeter 20
Encephahtis signs of in poliomyehts 23 51
Enemas indications and hazards 76 77
Eptdemiology of Pol omyel us and etiology 3
Equ pment (See specific items eg  rocking
tank resp rators suction machines
ete )
Examinations (See Diagnosis and Tests)
E cessive phys cal acty ty 161
see also Fatigue
Excesst e sweating in asphyxia o4
Exhaustion in prodromal period mmportance
of 8 15
Exhaustion i treatment of mmpaired swal
lowmng 41

Expratory reserve absence of 1 abdom
1mal paralysis 148
Ey s gos opsocloma in sertons discase
{See Diaguosts)

Facial breathing signs of asphyxia 24
Fantus test, fo unmary chlonde excretion, 66
Fahigue s gns of 98 161 162
Feeding sec also D etary needs
Flu d balance
T quirements for 6369
Tosses sources of 34 67
Fluoroscopy uses m diagnosss and manage-
meat 17 37 42 88 89 144
Frequency of forms of pohomy Lts 5 16
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Glossopharyngeal

Functional acbvittes for severely paralyzed
patient, 158 157

Frog breathuing  (See
thing)

c

Gastrowmtestnal  distenbon, ocowrrence  and
treatment, 27 39 51 53 131 163
Glossopharyngeal breathing uses and tech
maques for traming 141 183 184
Comeo suction machine 171
see also Suction
Crading muscle strength, 107

H

Hazards in pohomyelitis
artificial respiration, 23 28
enemas 77
overtreatment, 8 10 11 98 117 161
swallowing impairment 40 41
tracheotomy advantages and disadvan
tages 45
Heat therapy (See Hot packs)
Hemorthage gastromtestinal (See Bleedmng)
Harsutism as a sign of stress 163
Home care planning for the severely handi
capped patent 164 165
Hot packs indications and nses 11
Humdifieabon
apparatus for 50
methods of 49 50
tracheotomy and 45
Hydrothe apy 119 153
see also Hot packs
Hypercapmia 63
sce also Laboratory examunations
Hypercalcema and Hypercaleunra, 135 139
161 163
Hyperkalem:a 70
Hypersens tvity to digitahs 58
Hypertension 53 55135 136 139 163
m asphyna,
treatment of s: 136
Hyperthermia treatment of 53 53
Hyperventilation, 29 33 3>
Hypocapma 63 64
see also Laboratory examnatons and Bio-
cherucal disturbances.
Hypokalemia 70 138 161 163
Hypotension, 34 53
see also Treatment of
Hypoventilation 4648
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see also Und )| and see also Bioch 1 dcprert and spe-
wsuffierency cific disorders
Hypoventlation syndrome relanon to oxy Mk 1 diet, importance of restction, 135
gen therapy 48 Munute volume of breathmg 29 173

Hypoxa causes and signs of 47-48
Hystena (See also Muscle weakness causes)
93 105
I

Tleus (See Gastromtestmal distention )
Impaction of feces 76
Immobihization effects of severe 138 139
Incidence of types of poliomyehtis 5 7 18
see also Diaguosis stahistics
Insensible water loss sources and estimation
of 34 68
Tntercostal muscle weakness action of 17 147
I deep breath, m pre
vention of pulmonary complications B
Internuttent posittve pressure breathung
apparatus for 80
nse of 21 49 57 58 78 79
Intravenong fuds 85-69
Intubstion nasogastnc
m feeding panent with mabiity to swal
low 39
meeting dietary needs 71 73
1n respirator patients 27
Intubation endotracheal
1 swall

and

44 129
Trregular respirations 22 23
artificial respiration and, 81 32
signs and smportance of 51
treatment of 52

Ketosteraids elevation in urine 163
Kidoey obstruction signs and treatment, 132
Kadnev wnfection 75 132
Kidney stones (nephrohthiasis) 131 132
L
Laboratory examunations 8 35 47 48 63
84 69 135 142 144 161 163
Laryngoscopes equpment 170
Lovett system in grading muscle strength,
107 108
Lung (See Phystology and Tests)
M
m breathing capacity 144 161 173
:::::;; somal service role in care of pa
tlents 93 84
Metabolic disturbances 6370 133139

see also Physiology
Mistofog humidifier and retracta tube 50
Mist O--Gen humidiffer 50
Monaghan respatory equipment
Bennett positive pressure attachments 80
Bennett ventilation meter 20
cwrass respirator 194 197 198
Mortakity rate ta pohie 7
Muscle paralysss and weakness
atrophy an 133
causes of 105 106
factors mfluencing extent of § 10
ncTeasing residual strength, 124
prognoss for recavery and pattern of
1135° 117
rate of muscle recovery vanations of 115°
tests of strength 107 114
twitches stgmficance 24 51
Muscle re-education 118 119
Myocarditis 53 57 5% 62

Mec
McResson respiraid rockmg bed, 199
N

NCG “Microfier” and humidifier 50
Nephrolithuas (See Kidpey stones)
Nerve cell damage 1 poliomyeltis forms of
105
Nursing eare
orders routme 82
pnnciples of nursing poliomyeltis 83 84
procedures 85
respurator patient, 88 158 159
tracheotomized pateent, 87 88
Nutntion in poliomyelitis patients
(See Calones)
disturbances 133
requirements 67 71 72
Nystagmoid eye movements in serious polio-
wmyektis 15

Obesity tmpostance of avoiding 134
Ocrupational therapy considerations impor
tant for 104 118 123 124 153-158
Oral feecings 71
bazards in patient with swallowing difi
coltles 39
in respiratoy patient, 27 28
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Overwork and muscle recovery 117 118
Overhydration sigos 69
Osygen debt measurement, 47 48
Ovxygen therapy
apparatus for admimstraton of oxygen,
49 50

causes of oxygen deficiency 46

wdications for 47

irvegular resprrations as en indication, 52

metheds of admaustration, 49

pulmonary compheations and 62

relation of oxygen uptake to carbon diox
ide elimmation, 48

lobin, 35 36 47 48
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Pos toning, importance and technigues
assishve and supportive apparatus for 123
body B 10 1L 82
feet 14
hands 12 13
pregnant respuator patent 78

Postural drainage 10 capservative treatment

of swallowmng 39

Potasstum intoncation 69

Potassium therapy use 1 acute poho 6a

Pregaancy management i polomyelits 78

81

Pressure adjustment of respirator 29 31

of
see also Phystology

P
Pam, 9 11 105
see also Posioning  Range of Motion.
use of hot packs in relief 11
use of hydrotherapy 82
Palatal paralysis 37
PH of artenial blood fmportance of meastre
ment 35 38 63
Pharyngeal paralysis 37
Philosophy of medical care prciples of re
habilitation, 98 103
Physical therapy general prescription of 11
104 118 117 118 119 120 121 L3
124 153057
Physiology of respuration as applied to poho-
myehiis 172-18%
average values of ventlatory and pulmo-
nary measurement, 173 174
artficial respiration, eff ctiveness of respir
atory auds 179 180
defimuons of 172 173
disturbances of lung elashaty Comph
ance ™ 178 152
laboratory guides to adequate respiation
35 38

mechanies of breathmg 177

nomogram for nomal tidal ventlapon ap
different rates and body we ght 176

oxygen consumption 47 48

praciple of operation of tank resprator
181

techniques of spuometry 177
vital eapacity ountmum values by age 175
ventilatory disturbances 46
Pneumonitis (pneumonia) 34 60
Paeumomed ashaum 45
Polyuna falure of wnnary concentration
139 183

of pol omyel s 3 4
Provocative conditions 1 poliomveltis 15
Psychologic factors (See Emotional changes)
Pulmonary complications 60-62
s¢e also Atelectasis Aspration and Poeu
‘momtis
Pulmonary edema frequency and emergency
treatment, 16 52, 53 58
Pulse change i rate ete 15 41 53 59 144
159 160
Pyelography intravenous and setrograde 1
uriwary track compheations 132

R

Ravge of motion, technique 90 92 1.0
mdications and tiring in early care 11
Rate (Se¢ Pulse Artificial respiration etc.)
Recovery quotient in programmng rest, actvi
ty and assistance 101
Reflexes change in deep reflexes 8
Rehabilitation, principles of 103
Reserves concept of physiological eapacity
for activity 99 103
Pespiratory equipment, 192 01
also see spenific mannfacturer or item e g
rocking bed
general considerations 189 190
operational check of respurator fn case of
falure 191
Respuatory exercises (See Breathing exer
cises)
Respiratory msufficie ¢y .* 23
see also Underventilation and Asphyma
Resprratory Muscle Paralysis mewdence and
signs 1619 147 149
Resprratory pattems 1 disease of regulatory
system of brain stem 51
Rocking beds (See Manufacturer)
adustment, 200
comphcations in use 2
contraind cations 20
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mdications 146

mamntenance of 201 202

speaificatons of 199 201

use 1 weaning from tank respurator 146
s

Salk vacane epidemmological importance of

3
Scalp care 85
Scoliosis—general considerations 127 128
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Swallowing 1mpairment, general considera
tions
n dragoosis treatment 37 41
merdence 16
Symptoms
(Sce Speafic conditions eg respuatory
msufficiency)
of acute poliomyelins 18
of senous poliomyelitis 15

Seborthea as a sign n chrome poliomyelitis T
163 Table of Contents 1t x xt
Sedation Tachycardia 53
in carly Iibs 163 Tank
d m respuratory lanity 52 d of rate and pressure 29 3037

Seralogic tests value 1n specifymng vaccmna
tion and diagnosis 3 8

Stalorrhes 1 s vere brain stem disease 51

Signs of & and mpor

56
complications 1 use of 34
contrairdications 1n use of 34
d touse 34

tance
accessory muscles for breathing m respira
tory muscle paralysis 22
angle sign 1n swallowiny impurment, 37
asphyua 24
autonomic disturbances 53 59
bladder retention 74
bulbar mvelvement 22 37 53
emotional disturbances 95
1nfection of gemtourinary tract 74 75
msufficient Tesprratory assistance 161
proper use of respurator 29
pulmonary complications 60
respiratory muscle paralysis 17 18
senous discase 15
stress from mmjndicious actraity or wmsuff
clent respiration and 181 163
suggestve signs of paralytic disease 8
Sodium chlonde requrements m flud ther
apy 65
retentton from excessive administration 69
Spimal flud (See Cerebrospmal fluid)
Splints (See Assistive deva es)
temporary for carly posionmg of hands
and feet, 11 14
Standng bed use 1 obtaming upnght posi
ton 11 154
Stretching, techmque and usefulness 121
Stress 138 161163
iﬁz 4dle\ice:a and techniques 39 87 171
Surgery geveral prnciples of ortbopedic
problems 122 134
soeesthesia for major surgery 129 130

dome type for positive pressure breathing
78

fFect: and relative lat

duced by other respiratory aids

179

pro

20

expiratory posiive pres ure regulabon 21
30

hypotenston from pressure effect 34 58
ndicattons for use 20
prneiple of operation 181 182
muntenance of 193
signs of proper adjustment 33
specifications of Emerson and Drinker Col
lins 192
supportive measures for patient using res
spirator 27 28
udal ventlation measurements in use 30
tracheotomized patients 30
testing 1n case of falure 191
Techmcon Huxley equpment
curass chest abdomen respiratars 194 197
positive pressure breathing attachment, 80
Temperature changes of body (See Hyper
thermia) 15
Tendon transplants 125
see also Surgery
Tests
dinphragm paralys:s (sniffing test) 17
Fantus for urine chlonde 66
Buoroscople test for swallowing 41 42
lung function 173 174
maximum breathing c1pacity 173
muscle tests 107 114
of proper adjustment of respirator 33
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proper scheduling of actwity and respira
tory assistance 144
routine admussion tests 8 82
respirator equipment tests 191
vatal capacity 173 174
Tidal Volume 29 o0 32 143 144 173 176
als¢ see Phywolagy
Toe and foot care 1 chronic poliomyelitis 85
Tracheotomy
also see Swallowing and Treatment
advantages and disadvantages 45
equpment for trachestomy tray 169
frequency of tracheotomy with impamed

211

hemaglobin unsaturation, 47

bypercaleuna 135

hypertension jn acute stages 55

hypertension jn chromc stage 136

hypotension $6

hypoua 47 48

mpaired reng} funchon 135

irregular respurations §2

ladney stones cludmg preventive meas
wres 131 13.

ladney obstruction due to stones 132

m tabolic disturbances acute 65

metabolic disturbances chrome 133 139

swallowing 44 161 163
important d d and failure, 57 58
amnmedate need for 43 41 muscle paralysss early measores 11 14
1n the asphysated paent, 43 muscle paralys:s convalescent plan, 103

purpose of tracheotamy 43
r¢fhoval p ocedure 83 89 142
techmqu of 44
Tracheotomy tabes source of 189
Trapsmission of polio 3
Tra ef m early poliomyehts 9
Treatment
also see spenafic methods edpment, ete
arrway obstruction 22, 23 38 43 44
acﬁv-ty schedules for respuator pabent

znaesdzesu 1.9 130

asphyzna

aspuation, 41 43

atelectasis and pneumoma 681 62

avtonom ¢ disturbances mcluding ercula
tory emergenar 3 55-55

body pos toning m acute phase 11 14

b acmg and sploting early and convales
cent 1114 123

bradycardia 56

b eathmg muscle e ercises 150-152

bronchaspasm,

cardiovasculir disturbances 55 56

catbon dioude retention 22 23 47 48
63 61

coostipation 76

contractures 122

copvalescent care general plan 104
debydration, 65

dietary requirements 73

drugs {See Drugs)

early supportive measures 9-11
emobion 1 disturb nces 96 97
fud and lectrolyte therapy 65-69
gastrottestmal distention. 27 39

104 118 119

nutnttonal disturbances 133

pam 9 11

palatal paralysis 37

pregaancy 78-81

progaming  physcal and occupational
therapy for the extensively paralyzed
patent 153 155

1ee also Specific techmques

pulmonary edema, 53

ran=e of mobon techmques 12
97 120

respiratory wmuscle paralysis 20 21 140
148

13 %0

respirator patients supportive meastres
27 28

rest ndications and maportance in therapy
9

srolosts 127 1.8

sedation, 52

stretching t chuque and indications 121
12

swallowing impairment, 33 43

surgeal conside ations 125 126 132

techntques for increasing muscle function,
14

transfuston fo blood loss 57 62

tube feeding 73

urnary tract mfections "5 132

vomiting 67 63

weaning f om respiratory assistan e 142
14

Lt

Ul e ton, gastromtestna] occurrence and
treatment 53 57
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Underhydration sigos of 69
Underventilation 22 23 29 41 43 48 62
see also Asphyxa
ine
chlonde regufation 66 67
potassum and sodmm excreton, 66 67
138° 139 163
speaific gravity 66 131 163
Urea retention 133 163

v

Vacawme fox polsommyelits 3
Vasoconstriction in skin assocated with hy
perthermia 53 55
Vasopressors (Sez Drugs e g Levophed)
Ventilatory disturbances 47 48 60 63
Ventilatory measurements 20 48 60
see glso Physiology
devices for assessment of 21
Ventncular premature beats 53
Vatal capacity (See Physiology}
as an dication for artificial respiration 20

TREATMENT OF ACUTE POL]O:vaEL!T!S
3

n respuatory muscle paralysis 1721 140
143 149 153 161

example of 19*

equipment for measuring 20

Vital signs (See Temperature Pulse Res
preation and Bload pressure)

m management of respirator patlents 144

160

Vitarun D 1mportance of avoiding excess in
take 135
Vomting 8 131 163
e 3o Suge 20, Tresknenh

w

Walking m the severely paralyzed patient,
148

Water requirements 65 66

Weaning from the respirator 146

X

X ray evammations 42, 60 131 132
also see Fluoroscopy

IN ERRATUM

Reference 29 on page 149 15 i error and should be deleted
The astensh (*) at the bottom of page 135 refers to the DOSAGE

SCHEDULES on page 136

The brand name of Levofed at the bottom of page 56 should be spelled

Levophed

The plus and mimus signs before O on page 192 are i error
The page reference for “S1gvs of asphyxa” on page 41 should read page

24 mstead of page 21

d read
On page 159 mn the third lme of secc::d paragrapll the line shoul
“a1 1 55 before takang patsent off currass” wstead of “off weking hed






