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The purpose of this study was to prospectively compare parameters that might predict successful 
translaryngeal extubation and tracheostomy tube decannulation. Irrespective of ventilatory func
tion, 62 extubation/decannulation attempts were made on 49 consecutive patients with primarily 
neuromuscular ventilatory insufficiency who satisfied criteria. Thirty-four patients required 24-h 
ventilatory support. Noninvasive intermittent positive pressure ventilation (IPPV) was substituted as 
needed for IPPV via translaryngeal or tracheostomy tubes. Successful decannulation was defined as 
extubation or decannulation and site closure with no consequent respiratory symptoms or blood gas 
deterioration for at least 2 weeks. Failure was defmed by the appearance of respiratory distress and 
decreases in vital capacity and oxyhemoglobin saturation despite use of noninvasive IPPV and as
sisted coughing. The independent variables of age, extent of predecannulation ventilator use, vital 
capacity, and peak cough flows (PCF) were studied to determine their utility in predicting success
ful extubation and decannulation. Only the ability to generate PCF greater than 160 Umin predicted 
success, whereas inability to generate 160 Umin predicted the need to replace the tube. All43 at
tempts on patients with PCF greater than 160 Umin succeeded; all15 attempts on patients with PCF 
below 160 Umin failed; and of 4 patients with PCF of 160 Umin, 2 succeeded and 2 failed. We 
conclude that the ability to generate PCF of at least 160 Umin is necessary for the successful extu
bation or tracheostomy tube decannulation of patients with neuromuscular disease irrespective of 
ability to breathe. (CHEST 1996; 110:1566-71) 

Key words: cough; exsufflation; mechanical ventilation; muscular dystrophy; poliomyelitis; respiratory paralysis; respiratory 
therapy 

Abbreviations: ALS=amyotrophic lateral sclerosis; IPPV=intermittent positive pressure ventilation; MI-E=mechanical 
insufflation-exsufllation; PCF=peak cough flow; SaOFoxyhemoglobin saturation; SCI=spinal cord injured; VC=vital 
capacity; VFBT =ventilator-free breathing time 

A_though ventilator weaning parameters have been 
described and their relative importance has been 

debated, to our knowledge no criteria exist for tra
cheostomy tube removal. For patients with ventilatory 
insufficiency secondary to muscle paralysis or impaired 
chest wall mechanics, even for those with no measur
able vital capacity (VC), alveolar ventilation can be 
maintained long term by noninvasive means. 1-3 How
ever, although we have succeeded in removing the 
tracheostomy tubes of many patients with negligible 
VC,4·5 because of inability to mobilize airway secre
tions, we have failed to decannulate some patients, 
some of whom no longer required ventilator use. In-

deed, although they cause secretions and impair the 
ability to cough, translaryngeal and tracheostomy tubes 
are often retained by autonomously breathing individ
uals for the sole purpose of airway suctioning. We hy
pothesized that the ability to create expiratory airflow 
to clear secretions may be a n important parameter for 
determining when it might be safe to extubate or de
cannulate patients, whether they require ventilatory 
assistance or not. The purpose of this study was to 
prospectively compare parameters that might predict 
successful extubation or tracheostomy tube removal. 
Tracheal extubation or decannulation, despite ventila
tor dependence, is part of a different approach to 
weaning patients primarily with ventilation impair
ment. 
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MATERIALS AND METHODS 

A ventilator unit accepted 49 consecutive patients primarily with 
neuromuscular ventilatory impairment with endotracheal or tra-
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Table !-Clinical Data at Tracheostomy Tube Decannulation for Patients With COPD 

Age, TIPPY,* FEVt, FEVtFVC Unassisted PCF, aPCFt 
yr mo mL % Umin Umin S or Fl hfdl F/u11 C** 

72.0 7 870 75 120 300 s 24 12 24tt 
72.9 7 700 60 250 250 s 15 2 0 
46.3 6 320 31 250 250 s 24 24 24tt 
73.5 6 730 61 <50 <50 F 24 2 24tt 
53.0 4 650 55 190 190 s 8 22 8 

*Months of attempted weaning from tracheostomy IPPV (TIPPY) before decannulation. 
taPCF=assisted peak cough flows. 
IDecannulation succeeded (S) or failed (F). 
!Hours per day of ventilatmy support needed at decannulation. 
11 Months of noninvasive IPPV used following the decannulation attempt. 
**Hours per day of ventilatory assistance currently. 
ttHours per day of ventilatory assistance just ptior to death. 

cheostomy tubes for ventilator weaning and extubation or decan
nulation. Forty-three of the 49 had thus far failed to respond to 
conventional weaning and the remaining 6 were weaned, but still 
had tracheostomy tubes that could not be removed during the 
acute hospitalization. All of the ventilator users arrived using some 
combination of either assist/control mode ventilation or synchro
nized intermittent mandatory ventilation, pressure support venti
lation, positive end-expirat01y pressure, and supplemental oxygen. 
Thirty-four of the 43 ventilator users required 24-h ventilatory 
support. Many patients had failed more than one weaning attempt 
and seven had been extubated and reintubated on one or more oc
casions. 

Ten of the patients came from home and the other 39 were hos
pitalized. At least six patients could not be discharged back to the 
community with tracheostomy tubes because they did not have 
full-time access to family members or health-care professionals to 
perform tracheal suctioning in the community and none of the pa
tients wanted long-term skilled nursing care. 

In addition, five tracheostomized patients with COPD were also 
decannulated (Table 1), and two translaryngeally intubated COPD 
patients were extubated using a similar approach. None of the pa
tients had hist01ies of pneumothoraces. 

The patients were candidates for an extubation or decannulation 
protocol when they were in medically stable condition, afebrile, and 
had either normal WBC counts without receiving IV antibiotics or 
elevated counts that could be explained by glucocorticoid adminis
tration. In addition, candidates had to be cognitively intact and co
operative and not be receiving narcotics or sedatives except for 
antihistamines. The patients with neuromuscular disease had to 
maintain PaOz greater than 60 mm Hg, mean oxyhemoglobin sat
uration (SaOz) greater than 92%, and normal PaCOz \vith or with
out ventilatory support on room air and vvith the use of manually and 
mechanically assisted coughing as necessary. The COPD patients 
received supplemental oxygen and mild hypercapnia was permitted. 

The VC was measured through the tubes with the cuffs inflated 
and via the upper airway following extubation or decannulation. It 
was often measured both before and immediately following me
chanical insufflation-exsufflation (MI-E) (In-Exsufflator; JH Em
erson Co; Cambridge, Mass). The maximum obsetved value in four 
to seven attempts was recorded. 

Ventilator-free breathing time (VFBT) was estimated by with
drawing the patient from intermittent positive pressure ventilation 
(IPPV) for as long as tolerated. It was the maximum period before 
oxyhemoglobin desaturation or end-tidal C02 elevation occurred 
and the patient asked to return to ventilatory support because of 
shortness of breath. VFBT can depend on the time of day, fatigue, 
ambient temperature and humidity, and on other circumstances for 

patients with chronic hypercapnia so it was not used for quantita
tive statistical analysis . 

Peak cough flows (PCFs), both unassisted and assisted, were 
measured (Peak Flow Meter; HealthScan Inc; Cedar Grove, NJ). 
For assisted coughing, a maximum depth insufflation was held with 
a closed glottis (air stacking),6 and an abdominal tluust was applied 
at the instant of glottic opening to maximize PCF. The maximum 
observed flow in four to seven attempts was noted. 

The protocol for the ventilator users can be summarized as fol
lows: switching to portable volume ventilator use, usually on assist/ 
control mode; weaning from oxygen administration (for the patients 
with neuromuscular disease) by maintaining adequate oxygenation 
with the use of ventilat01y assistance and MI-E to clear secretions; 
switching to fenestrated cuffed tubes that could then be capped; 
then, once the patient was comfortable using mouthpiece and na
sallPPV as needed with the tube capped or a tracheostomy button 
in place, extubation or decannulation and use of assisted coughing, 
including MI-E as needed; and finally, weaning from ventilatory 
assistance by taking fewer and fewer assisted insufflations as toler
ated while maintaining normal Sa02 and, for non-COPD patients, 
normal end-tidal Pco2

6 

The patients received IPPV via nasal interface or mouthpiece 
when awake and via nasal interface or lipseal during sleep, as they 
preferred.7 Oxygen supplementation was systematically avoided for 
all but the COPD patients. This optimized the use of oximetry as 
feedback as well as the use of noninvasive IPPV during sleep7 The 
patients were instmcted that desaturations either signaled the need 
to take assisted breaths to normalize alveolar ventilation or the need 
for manually or mechanically assisted coughs to clear airway secre
tions. All patients quickly mastered this concept. 

MI-E was used at settings of +30 to +50 to -30 to -50 em HzO. 
It was used via the endotracheal or tracheostomy tube with the cuff 
inflated8 For buttoned or decannulated patients, MI-E was used via 
oral-nasal interfaces with abdominal thmsts delivered during the 
exsufflation phase. It was used whenever the patient felt the need 
to cough and especially when bronchial mucous plugging caused 
oxyhemoglobin desaturation. In this case, it was used until the VC 
and the SaOz returned to preplug baselines and secretions were no 
longer being eliminated. A decrease in baseline SaOz below 92% in 
a eucapnic patient with neuromuscular disease despite aggressive 
assisted coughing at least temporarily precluded further steps 
toward extubation and signaled the need for further diagnostic 
workup. 

After weaning from supplemental oxygen, the translaryngeally 
intubated patients were exiubated and directly placed on a regimen 
of noninvasive IPPV and continued to use MI-E as needed. Five of 
the 12 patients with neuromuscular disease had been trained in 
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receiving IPPV noninvasively before being intubated so they were 
able to easily use noninvasive IPPV immediately following extuba
tion. The other seven patients required a short training pe!iod in 
noninvasive IPPV duJing which time those with no VFBT often 
required "bagging." 

The 49 patients with neuromuscular disease who met the cJite
Jia were, therefore, extubated or decannulated irrespective of their 
ability to breathe autonomously. Successful decannulation was de
fined as extubation or tracheostomy tube removal and closure of the 
tracheostomy site with continued use of noninvasive IPPV and as
sisted coughing as needed, without respiratory distress or blood gas 
deteJioration for at least 2 weeks. Failure was defined by the 
appearance of progressive oxyhemoglobin desaturation and respi
ratory distress \vithin 3 days secondary to airway secretion retention 
that could be relieved only by replacing the tracheostomy tube and 
resuming MI-E or suctioning through it. 

The duration and hours per day of use of invasive IPPV were 
noted at the time of extubation or tracheostomy tube removal. 
UnivaJiate and multivaJiate analyses were performed correlating 
success and failure \vith age, VC, PCF, duration, and hours per day 
of ventilator use. Separate analyses were performed on the spinal 
cord injured (SCI) patients, the SCI patients not including the six 
who were ventilator weaned before the first decannulation attempt, 
the non-SCI patients with piimaJily ventilatory impairment, and on 
the whole group of patients with piimaJily ventilatory impairment. 
Since there were only five tracheostomized and two translaryngeally 
intubated COPD patients, their data were not included in the sta
tistical analyses. UnivaJiate and step\vise discJiminate analyses that 
resulted in p values less than 0.05 were considered to significantly 
predict the success of the intervention. 

RESULTS 

Forty-nine tracheostomy tube decannulation at
tempts were made on 37 patients with the following 
diagnoses: 22 with SCI; 15 with global alveolar hy
poventilation, including 11 with progressive neuro
muscular disease; 2 with Guillain-Barre syndrome; 1 
with obesity hypoventilation syndrome; and 1 with 
partial lung resection and chronic alveolar hypoventi
lation. Initial decannulation attempts were successful 
for 25 patients, 12 initial attempts failed, and on sub
sequent attempts, 7 succeeded and 5 failed. At the time 
of the subsequent attempts, five of the seven patients 
who succeeded and two of the five who failed were 
already weaned from ventilator use. 

Thirty-seven tracheostomy tube decannulation at
tempts were made on patients with neuromuscular 
disease who had not been weaned from ventilator use 
over a mean period of9.4± 13.1 months (range, 1 to 65 
months ); and following decannulation, 26 required 
noninvasive IPPV for a mean of 19.8±21.6 months 
(range, 0.2 to 70 months). Seventeen of these 26 pa
tients still use noninvasive IPPV a mean of 16.8±8.0 
hid (range, 8 to 24 hid). Seventeen successful transi
tions from tracheostomy to noninvasive IPPV were on 
long-term 24-h ventilator users (mean use, 19.5 months; 
maximum, 65 months) whose primary physicians had 
recommended maintaining indwelling tracheostomies. 

Six decannulation attempts were made on SCI pa
tients who had already been weaned from ventilatory 
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support before the initial attempt; three succeeded and 
three failed. The three who succeeded had a mean age 
of 55.6±26.3 years, had been using IPPV via tracheos
tomy for 14.0±11.3 months before weaning, had VCs 
of 1,470±304 mL, and assisted PCF of 477±258 
Umin (range, 275 to 790 Umin). The three who failed 
had a mean age of 35.8±15.7 years, had been using 
IPPV via tracheostomy for 7.0±11.4 months before 
weaning, had VCs of 1,200±414 mL, and assisted PCF 
of 85±58 Umin (range, 50 to 115 Umin). Only the 
difference in PCF was statistically significant at p<0.05. 
One patient in the latter group was recently success
fully decannulated after 6 months of tracheal sounding 
had dilated the airway sufficiently to permit assisted 
PCF in excess of 300 Umin. Thus, 13 decannulation 
attempts in all were made on patients free of ventila
tor use; 6 who were ventilator weaned before the ini
tial attempt and 7 who had become free of ventilator 
use despite initially failing to maintain decannulation. 

The results of the univariate and stepwise discrim
inate analyses of the independent variables associated 
with success or failure of decannulation are listed in 
Table 2. Stepwise discriminate analysis indicated that 
only PCF predicted successful decannulation and did 
so independently of the other parameters. Univariate 
analyses confirmed the correlation between PCF and 
successful decannulation. In addition, univariate anal
ysis indicated a significant correlation between longer 
use of predecannulation tracheostomy IPPV and suc
cessful decannulation for the SCI patients. 

The results of the decannulation attempts on the five 
COPD patients are noted in Table 1. Four of the 5 
patients succeeded in being maintained using nonin
vasive IPPV after extubation (Table 1). Two of these 
patients died after 6 and 12 months of 24-h noninva
sive IPPV, respectively. The COPD patient who failed 
to respond to decannulation died while using tracheos
tomy IPPV several months after discharge from the 
unit. 

Since all of the 13 translaryngeal extubation at
tempts on ventilator users vvith neuromuscular disease 
succeeded, no statistical comparisons could be made. 
These patients had the follovving diagnoses: SCI, five; 
progressive neuromuscular disease, five; postpoliomy
elitis, one; and obesity hypoventilation syndrome, one 
patient who was weaned and extubated on two sepa
rate occasions. Immediately prior to extubation, the 
patients had a mean age of 37.3±18.4 years (range, 
16.7 to 72.5 years), had been using IPPV via transla
ryngeal tubes for a mean of 18.2±9.9 days (range, 2 to 
32 days), and for a mean of23.5±1.7 hid (range, 18 to 
24 hid), and had mean VCs of575±213 mL (range, 200 
to 1,020 mL). Immediately following extubation, their 
assisted PCFs were 235±62 Umin (range, 197 to 436 
Umin). Following extubation, 4 of the 5 SCI patients 
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Table 2-Statistical Comparisons of Dependent Variables Associated With Tracheostomy Tube Decannulation* 

Succeeded Failed UnivaJiate DiscJiminate 

For the SCI individuals: 
VaJiable 19 12 
Age, yr 37.2±20.9 34.1±18.4 0.68 NS 
TIPPV1 9.7±11.0 3.8±3.4 0.04 NS 
VC,mL 1045±707 1053±467 0.97 NS 
Hours/dayl 12.8±10.7 8.7±10.4 0.29 NS 
Assisted PCF, Uminl 278 ± 157 101±40 0.0001 0.0006 

For the SCI individuals (not including the 6 patients who were already weaned from ventilator use at the initial attempt): 
VaJiable 16 9 
Age, yr 33.7±18.2 33.5±19.4 0.98 NS 
TIPPV1 8.9±10.1 2.7±0.7 0.03 NS 
VC, mL 966±725 1004±492 0.88 NS 
Hours/day' 15.3±9.9 
Assisted PCFI, Umin 242±100 

For all patients with p1immily ventilatory impairment: 
Vmiable 32 
Age, yr 42.9±18.4 
TIPPV1 11.2±15.0 
VC,mL 892±609 
Hours/dayl 16.6±9.8 
Assisted PCFI, Umin 259±128 

For the whole patient group except for those \vith SCI: 
Vmiable 13 
Age, yr 51.4±9.4 
TIPPV1 13.2±19.8 
VC, mL 667±343 
Hours/day I 22.0±4.9 
Assisted PCFI, Umin 229±60 

*The five patients with COPD were excluded from these analyses. 
1Duration of use of tracheostomy IPPV before the decannulation attempt. 
I Hours per day of ventilator use. 
I Assisted PCFs following decannulation. 

were weaned from ventilator use in less than 1 week. 
The remaining patients have continued to require 
noninvasive IPPV for a mean of 15.2±8.6 months 
(range, 2 to 30 months), initially for 24 hid, and now 
for 11.6±7.0 hid. All continue to use at least noctur
nal noninvasive IPPV and 2 continue to require non
invasive IPPV 24 hid. 

Recently, 2 additional extubation attempts were 
made on 2 autonomously breathing patients with ad
vanced lung disease who, following extubation, could 
not generate 2 Umin of PCF. Both failed. 

The fact that the extent of need for ventilatory sup
port was not important for successful extubation or 
decannulation was emphasized by the fact that the 
patients who failed to maintain decannulation required 
fewer hours of ventilator use than those who were 
successfully decannulated (Table 2). Likewise, all but 
1 of the extubated patients required 24-h ventilatory 
support at the time of successful extubation. In addi
tion, in terms of autonomous breathing ability, 26 of 
the successfully extubated or decannulated patients 
had 30 or fewer minutes ofVFBT and 33 required 24-h 
ventilatory support, 4 could breathe adequately when 
sitting but required nocturnal ventilator use, 6 re-

11.6± 10.5 0.39 NS 
104±44 0.0001 0.0008 

17 
38.9±18.3 0.47 NS 
5.8±6.1 0.09 NS 
982±466 0.59 NS 
11.1±9.9 0.07 0.01 
103±40 0.0001 0.0001 

5 
50.6±12.7 0.88 NS 
10.8±8.7 0.80 NS 
814±468 0.47 NS 
16.8±5.9 0.07 NS 
110±43 0.001 0.001 

quired between lO and 20 h of daytime use, and 6 were 
not using a ventilator at the time of the attempts. In the 
failed group, only 2 had 30 or fewer minutes ofVFBT, 
4 required 24-h support, 3 required nocturnal assis
tance, 5 required between 10 and 20 h of aid, and 6 
were not using ventilators. 

For the patients who succeeded in maintaining de
cannulation, precipitous decreases in VC and SaOz 
signaled bronchial mucous plugging; however, VC re
turned to baseline and SaOz normalized as the plugs 
were eliminated by manually and mechanically assisted 
coughing. For those who failed, however, plug-related 
oxyhemoglobin desaturations could not be promptly 
reversed and baseline SaOz decreased until the tube 
was replaced. All of the failures occurred and the tra
cheostomy tubes had to be replaced within 2 to 48 h 
of decannulation. 

Of the 18 failed decannulation attempts on 14 
patients in all, only 7 patients were not subsequently 
decannulated and were discharged from the hospital 
with tracheostomy tubes. Those who initially failed 
underwent fiberoptic laryngoscopy and several subse
quently underwent surgery to relieve obstructing 
lesions in the upper airway. All patients were treated 
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by air stacking to ever-greater maximum insufflations 
to increase PCF until adequate to permit decannula
tion.8 

Five successfully decannulated patients who had 
had indwelling tracheostomy tubes for 4 to 28 months 
had previously been hospitalized for tube-associated 
complications. Since the successfully extubated or de
cannulated patients no longer underwent tracheal 
suctioning, at least 6 patients who had been hospital
ized for ventilatory support for 2 to 5 months and could 
not be discharged home using tracheostomy IPPV 
were successfully discharged home in 1 week or less 
after d ecannulation. The decannulation process, in
cluding training in noninvasive IPPV and assisted 
coughing and tracheostomy site closure, took 3 to 9 
days except for 1 patient Vlith a partial lung resection 
and Milroy's disease for whom it took 12 days, and for 
the COPD patients who required more than 2 weeks 
because of persistent airway secretions and late site 
closures. 

Of the four patients with neuromuscular disease 
who died, one died from sepsis related to a renal stone, 
one patient who failed decannulation continued to re
ceive tracheostomy IPPV and died from pneumonia 
several months after the attempted d ecannulation, and 
two died when they were left without personal care 
assistance and lost their IPPV interfaces. Neither of the 
latter two patients had VFBT using respiratory muscles 
but 1 of the 2 could have used glossopharyngeal 
breathing for up to 8 h b efore succumbing to fatigue. 
Except for 2 of the 3 noninvasive IPPV users who died, 
none of the successfully extubated or decannulated 
non-COPD patients have required reintubation de
spite having had subsequent upper respiratory tract 
infections that necessitated 24-h noninvasive IPPV and 
aggressive assisted coughing. 

DISCUSSION 

A normal cough requires a precough inspiration or 
insufflation to about 85 to 90% of total lung capacity.9 
Glottic closure follows for about 0.2 s and sufficient 
intrathoracic pressures are generated to obtain peak 
transient expiratory flows or PCFs upon glottic open
ing that are normally 360 to 1000 lJmin. '·10 Total ex
piratory volume during normal coughing is about 2.3 ::t 
0.5 L.9 

For patients with paralytic conditions, PCFs are re
duced by the inability to adequately inflate the lungs 
(reduced VC), abdominal (expiratory) muscle weak
ness, and often the inability to adequately adduct the 
vocal cords and close the glottis to retain a deep breath 
before generating the cough. In addition, broncho
spasm or any conditions that result in irreversible up
per or lower airway obstruction also reduce PCF. 

It has been shown that for patients with paralytic 
conditions, PCF can be significantly increased by pro-
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viding maximal insufflations; also, flows can be further 
increased b y appropriately timing a n abdominal thrust 
to glottic opening (manually assisted coughing).8 A 
manual resuscitator or portable ventilator can be used 
to deliver tl1e deep insufflations. Concomitant weak
ness of oropharyngeal or glottic muscles, however, can 
diminish the ability of patients with little VC to air stack 
insufflations delivered to them, or to hold deep insuf
flations for effective assisted coughing. Likewise, any 
conditions that interfere with the application of effec
tive abdominal thrusts such as thoracic cage deformi
ties, scoliosis, abdominal distention, a full stomach, and 
weight extremes will also diminish assisted PCF. 

In this study, all patients for whom greater than 160 
Vmin of PCF could be achieved w ere successfully 
extubated or decannulated, whereas no patients with 
PCFs under 160 Vmin were successfully extubated or 
decannulated. When assisted coughing is not adequate 
because of inability to hold a deep breath, diaphragm 
asymmetries, weight extremes, or abdominal disten
tion, MI-E can be particularly useful. For example, one 
45.4-year-old SCI ventilator user's assisted PCF varied 
from 120 to 170 Vmin depending on ilie extent of his 
abdominal distention. He relied h eavily on MI-E when 
he was v ery distended. Manually assisted coughing also 
requires a cooperative patient, good coordination be
tween the patient and caregiver, and adequate physi
cal effort and often frequent application. MI-E can be 
simpler and easier. 

A m echanical insufflator-exsufflator can provide 600 
Vmin of expiratory flow directly to the ai1way. W e 
found MI-E to be very important for eliminating air
way secretions and permitting safe extubation for all 
but the COPD patients. For the 3 p atients wiili neu
romuscular disease who were permanently decannu
lated with PCFs of 160 to 175 Vmin, glottic patency 
and control permitted all 3 to rely heavily on the ap
plication of MI-E to facilitate secretion elimination. 
The increases in VC and Sa02 noted following mucus 
extrusion by MI-E applied via the upper airway, ll as 
well as iliat seen when MI-E was used via transtracheal 
or tracheostomy tubes, demonstrated its efficacy and 
eliminated any further need for tracheal suctioning. 

Ml-E is often ineffective via the upper airway when 
iliere is poor glottic stability during exsufflation such as 
for many patients with bulbar-onset amyotrophic lat
eral sclerosis (ALS) or for small children who cannot 
cooperate. It can also be ineffective when there is ir
reversible upper or lower airway obstruction. Upper 
airway obstruction is often due to inability to fully ab
duct the vocal cords or to subglottic stenosis. In CO PD, 
PCFs are diminished and neither manually nor me
chanically assisted coughing is usually helpful. 

In a r ecent study of 50 ALS ventilator users, 12 the 
27 who succeeded in using long-term 24-h ventilatory 
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support by noninvasive means (without a tracheostomy 
tube) had assisted PCFs greater than 180 Umin (mean, 
275±65 Umin). The 23 who could not be treated by 
noninvasive means of ventilatory support had assisted 
PCFs of 150±80 Umin. This was true despite the fact 
that the latter group had higher mean VC (934 vs 580 
mL). The severe reduction in PCFs, however, pointed 
to the more severe glottic impairment in these patients 
with higher VC. Therefore, the ability to generate 
greater than 180 Umin of PCF was more important 
than the ability to breathe in, permitting the long-term 
management of ALS ventilatory insufficiency without 
a tracheostomy tube. 

Similarly, in this study, the ability to generate at least 
160 Umin of PCF, whether unassisted or manually 
assisted, was found to be more important to predict 
successful extubation or decannulation and conversion 
from tracheostomy to noninvasive IPPV than VFBT, 
VC, age, or pulmonary function in general. This is not 
surprising since most patients with progressive neuro
muscular disorders remain free of ventilator use, often 
despite chronic lung underventilation, until an inter
current upper respiratory tract infection and the 
inability to clear airway secretions triggers acute res
piratory failure . Few of these patients attain 160 Umin 
PCF because few are trained in air stacking and in as
sisted coughing methods.13 

We conclude that the assisted PCF but not age, 
VFBT, duration or extent of ventilator need, or VC 
significantly predict the ability to safely extubate or 
decannulate patients with neuromuscular conditions 
irrespective of extent of ventilatory insufficiency. Pre
liminary data suggest that this parameter may also be 
useful for predicting successful extubation or decan
nulation of patients with COPD. A weaning approach 
emphasizing noninvasive monitoring and use of non
invasive inspiratmy and expiratory muscle aids can 
eliminate the need for indwelling tracheostomy tubes 
and tracheal suctioning for appropriate neuromuscu
lar ventilator users. This is important because, besides 
significantly reducing cost,14 59 recently surveyed 
ventilator users who were converted from trache
ostomy to predominantly noninvasive IPPV for long
term ventilatory support preferred it for safety, con
venience, comfort, speech, swallowing, sleep, and 
appearance. 15 Even patients converted from noninva
sive methods to tracheostomy IPPV overwhelmingly 
preferred the former. There is also evidence that 
noninvasively supported 24-h ventilator users with 
functional bulbar musculature have significantly fewer 

respirato~ complications than tracheostomy supported 
patients.1 Thus, a strategy of weaning from oxygen, 
extubation, or decannulation, tl1en weaning from non
invasive IPPV as tolerated, is possible for patients with 
primarily ventilatory impairment when PCFs greater 
than 160 Umin can be generated; and this approach 
has many potential advantages over conventional wean
ing methods for these patients. 
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