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Lucyôs story



Lucyôs presentation

25/7/59

Presents age 14 

c/o 4 days Headache, vomiting, neck pain and 

stiffness

1 day of weakness- unable to stand, sit, walk or 

move arms





Examination

ÅNeck stiffness

ÅRapid shallow respirations and poor air 

entry

ÅCNS

ïNormal cranial nerves

ïUnable to move head

ïFlaccid paralysis L leg, Gross weakness both 

arms with loss of reflexes





A day of hooky



Her course

ÅPlaced in Emerson ventilator ( iron lung)

ÅStormy initial course with some difficulty 

swallowing, unable to breath

ÅOn iron lung 3/12, weaned to cuirass 

ventilator but severe triplegia with sparing 

R leg-marked involvement spinal and neck 

muscles

ÅAfter 1/12 on cuirass weaned off ventilation 

and sent to Sunshine camp ( FVC= 500 ml)







Sunshine camp 

Nov 1959-July 1960

ÅGradual rehabilitation. Initially unable to lift 

head or move shoulders, forearms and 

hands paralysed, very thin and bed bound

ÅAfter 3/12 can tolerate full day in wheel 

chair and walk 4 lengths of gymnasium

ÅOn discharge-unable to pinch or grasp, has 

to use 2 hands to get glass for drinks, arms 

hang by side, unable to lift or carry



Aged 19 in 1964

ÅStill has problems with neck posture and 

trunk. Little improvement in arms-

extensive weakness and atrophy in 

shoulders, arms and hands with hand 

deformity but able to do all ADL

ÅComment that no way to  make her 

independent economically or increase 

abilities at home

ÅDischarged from follow up



Poliomyelitis

ïUSA- endemic prior to first major outbreak 1916  -

6000 deaths, 27,000 paralysed

ïOnly 0.1% get paralysis

ïDeath of motor neuron with secondary muscle paralysis

ïEncephalitis may occur, also autonomic dysfunction

ïBulbar in 5-35% cases

ï57,000 cases paralytic polio in 1952 epidemic







The problems with the iron lung

ÅAccess

ÅObstructive apnea

ÅAspiration and inability to clear secretions



Copenhagen poliomyelitis 

epidemic 1952-Blegdam hospital

Å7 July- Dec 1952

ïAdmitted-3000

ïParalysis-1250

ïBulbar paralysis and respiratory failure- 345

Å7 July-25 Aug

ï26/30 with bulbar polio and respiratory failure 

die, 19 within 3 days

ïVentilators= 1 tank and 6 cuirass

ïLaboratory- HCO3 concentration



A catastrophe in the making

Å30-50 patients admitted/day over many 

weeks 

Å6-12 of these desperately ill

Å2 major challenges

ïLack of ventilators

ïLack of understanding of gas exchange and 

acid-base physiology
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Fig. 1. Weekly admissions of patients with poliomyelitis to the Blegdam Hospital in 
Copenhagen in July to December 1952



The meeting of August 25-1952

ÅChief Physician, Henry Lassen

ïñAlthough we thought we knew something 

about the management of bulbar and respiratory 

poliomyelitis, it soon became clear that only 

very little of what we did know at the beginning 

of the epidemic was really worth knowingò

ÅChief Laboratory Physician, Poul Astrup

ÅAnaesthesiologist, Bjorn Ibsen



ñCerebraliaò
Encephalitis or Respiratory failure

ÅDelerium, obtunded, impaired 

consciousness

ÅIncreasing secretions,

ÅPeriods of apnea

ÅMysterious alkalosis
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Fig. 5. Poul Astrup (1915-2000) who ushered in the modern period of clinical acid-base 
physiology
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Fig. 6. Nomogram that was used for determining the blood PCO2 from the total CO2 
content and plasma pH
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Fig. 4. Bjorn Ibsen (1915- ), Danish anesthesiologist who suggested positive pressure 
ventilation for the patients with respiratory paralysis

Initial experience with first oximeter

and  Brinkmann carbovisor for

Co2 analysis in air in thoracotomy and 

polio

(Engell H.,Ibsen B. Acta Chir Scand 1952;104:313) 



Viva Ebert aged 12

ÅClinical status

ïAll 4 extremities paralysed

ïAtelectasis L lung

ïGasping for air and drowning in secretions

ïPyrexic ,cyanosed and sweating

ÅRx

ïTracheotomy ïbecame unconscious

ïCuffed endotracheal tube passed 

ïManually bag ventilated
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Fig. 2. Apparatus for manual mechanical ventilation
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Fig. 3. Photograph of a patient being manually ventilated with the apparatus shown in Fig

Flow of 5L/min

50% oxygen

50% nitrogen

Rate 30/min 



The Medical Students

Å200 students work 6-8 hr shifts

ï50-70 patients ventilated for many weeks

ï10 min smoke break/hr

ï30 min meal break

ï4-5 students/patient, same students/patient

ï1500 students overall

ï165,000 hrs manual ventilation



The patients

Å277 received artificial ventilation ï26 did  

not have tracheostomy

Å267 have tracheostomy ï31 not ventilated



Hour Blood pH PCO2, mmHg

CO2 conc, 

mmol

Bicarbonate, 

mmol

11:40 AM venous 6.99 150 39.0 34.5

2:10 PM arterial 7.52 32 24.4 24.5

3:05 PM arterial 7.65 14 15.6 15.2

Table 1. Blood pH and PCO2 values in a 5-yr-old boy after the onet of manual ventilationModified from Astrup et al. (3).

Blood pH and Pco2 values in a 5 year old boy after the onset of  manual 

ventilation



Date Hour Blood pH

PCO2, 

mmHg

Sept 1 1:00 PM venous 7.49 32

4:45 PM '' 7.47 31

2 9:15 AM '' 7.50 32

10:30 AM arterial 7.50 36

10:35 AM venous 7.47 34

2:15 PM '' 7.48 36

4 9:10 AM '' 7.55 30

6 10:55 AM arterial 7.55 30

8 12:35 PM venous 7.56 31

10 10:10 AM '' 7.70 17

13 10:10 AM '' 7.56 23

Blood pH and Pco2 values in a 30 yr old woman during manual 

ventilation over 13 days



Mortality rates

new methods of treatment introduced 26August 1952. Date of 

reference 1 January 1956.

Period of admission           No. of cases            Died                  %

7 July ð 25 August                    30                     26                   87

26 August ð 7 September          50                     25                   50

7 September ð 23 September    50                     23                   46

23 September ð 5 October        50                     22                   44

6 October ð 20 October            50                     15                   30

21 October ð 6 November        50                     18                   36

7 November ð 19 December     50                     13                   26

20 December ð 2 March           18                       2                    11

Total: 26 August ð 2 March    318                   118                    37

Mortality rates in patients with respiratory failure prior to and 

after the decision to  try positive pressure ventilation via 

tracheostomyon 26 August 1951
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Further developments

Å1982  Sullivan describesCPAP for OSA

Å1985 Bye suggests nasal mask and positive 
pressure ventilator for nocturnal ventilation

Å1987 Kerby reports results on 5 patients treated 
using Byeôs suggestion ( 3 DMD, 1 ALS, 1 post CVA)

(Kerby G. Nocturnal Positive pressure ventilationvia Nasal Mask.Am 
Rev Respir Dis 1987;135:738-740)

Å1987 Ellis reports 5 patients ( 3 polio, 1 SMA, 1 MD)

(Ellis E. Treatment of Respiratory Failure during sleep in patients with 
Neuromuscular Disease. Am Rev Respir Dis 1987; 135: 148-152)







Further Developments

Å1990 Respironics develop BIPAP and Saunders 

publishes first report in OSA

Å1990s BIPAP linked to nasal mask for NIV



Further Developments

ÅAirway Clearance Techniques

ïGlossopharyngeal breathing

ïManual Insufflations

ïAssisted Coughing

ïMechanical Insufflator-Exsufflator

ÅBach John R.- Intermittent Positive Pressure Ventilation 

via the mouth as an Alternative to Tracheostomy for 257 

Ventilator users. Chest 1993;103:174-82



L.R  now aged 45

ÅDid well for 24 years living at home with 

mother but noticed worsening fatigue and 

weakness in trunk, arms and legs especially 

left.

ÅRequired to use wheelchair outside house 

from 1988 with increasing fatigue and 

weakness in limbs previously affected

ÅMobilizes in house by leaning on furniture 

and walls



Neurology

ÅEMG

ïDenervation noted consistent with post-polio 

syndrome or previous polio



1992- Lucy is 47

ÅNoting increasing dyspnea on any activity

ÅWakens at night gasping for breath

ÅOn exam

ïThin wasted,weak

ïRR 28, poor expansion and air entry

ïABGôs (RA) pO2= 79, pCo2= 51

ïFVC 1.28L(38%%), FEV1 0.97L(35%)

ïNocturnal desaturations to low 80%- high70% 

for periods of 30 min or more 







Post-polio Syndrome

Å1987- 640,000 in USA sequelae paralytic 

polio

Å2/3 of all cases left with some deficits and 

gradual worsening over time

ÅPost-polio syndrome (8-71 years)
ÅOccurs in 25-60% all survivors

ÅNew progressive disability, weakness, atrophy, 

fatigue, pain, decreased ambulation

ÅAt risk if more severe original paralysis, older 

children and least recovery



Nocturnal non-invasive 

ventilation commenced

ÅBIPAP device 

ï18 cm IPAP, 4 cm EPAP

ïS/T backup rate of 22

ÅOvernight oximetry- mean oxygen sat is 

94% and saturation >90% for 99% of the 

night

ÅABGs(RA) pO2 96.5, pCo2 36



Course

ÅPain and neck stiffness, intermittent 

migraine,

ÅAching R shoulder and L hip, Mild low 

back pain, L knee and ankle pain Rx atasol 

and atasol 15

ÅAble to walk 20 feet, Motorized wheelchair

ÅRests or wheelchair all day, Bipap for 12 

hrs at night and 2-3 hours in afternoon



1993-2008

ÅStable

ÅAdmitted 1997 with respiratory failure 

weakness, following a bronchitis. She had 

been losing weight over 1 year

ïRecovered with NG feeds over 3/12

Å1999 FVC 0.85L, FEV1 0.56L

ÅHospitalized in 2000 for bronchitis 5 days

Å2010 remains well





Current management

ÅBipap 12 hrs at night and 2 hrs afternoon

ÅAtasol, Domperidone,Vit D, Calcium, 

Alendronate, Lactulose, Colace,  Ensure

ÅFlu shot



What about NIV in NMD ?



ACCP consensus guideline

NIV in restrictive disorders

ÅSymptoms of hypoventilation ( morning 
headache, daytime hypersomnolence)

And

ÅPaCO2 >45 or Nocturnal O2 Sat < 88% for 
5 consecutive minutes or for NMD, MIP < 
60 cm H2O or FVC < 50%

( A consensus conference report Chest 1999;116:521-534)



What about Polio ?



Poliomyelitis

ÅUSA- First major outbreak 1916 - 6000 deaths, 

27,000 paralysed

ï57,000 cases 1952

ïLast case in USA 1979, Western Hemisphere 

Peru 1991

ï1988 Worldwide, endemic 125 countries, 

paralysed 350,000 children/year

ï2009 Worldwide , 1606 cases paralysis due to 

poliovirus in 23 countries- all Africa and Indian 

subcontinent (2001-483 cases in 4 countries)



What about Viva Ebert ?



Summary

ÅConsider chronic non invasive ventilation in 

respiratory failure

ïNeuromuscular causes - DMD, SMA, ALS, others

ïChest wall deformity- KS, Thoracoplasty

ïObesity Hypoventilation

ïCOPD-select cases 

ÅDo not forget airway clearance techniques






