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Voluntary Is Better Than Involuntary Cough Peak Flow
for Predicting Re-Intubation After Scheduled Extubation
in Cooperative Subjects

Jun Duan MD, Jinhua Liu RN, Meiling Xiao RN, Xiangmel Yang RN,
Jinxing Wu MD, and Lintong Zhou MD

BACKGROUND: In thisstudy, we compared the predictive accuracy of voluntary cough peak flow
(V-CPF) and involuntary cough peak flow (1V-CPF) for re-intubation in mechanically ventilated
subjects. METHODS: Endotracheally intubated patients who passed a spontaneous breathing trial
and assessment of readiness for extubation were enrolled. Before extubation, V-CPF and |V-CPF
were measured. Re-intubation was recorded at 72 h after extubation. RESULTS: A total of 115
extubations in 106 cooper ative subjects (including 9 subjects with second extubation) and 5 extu-
bations in 5 uncooper ative subjects were recorded. At 72 h, 20 (17.4%) and 1 (25%) instances of
re-intubation occurred in cooperative and uncooperative subjects, respectively. In cooperative
subjects, those who had been successfully extubated had higher V-CPF than re-intubated subjects
(81.3 = 41.4vs51.3 = 31.7, P = .003). However, rates were not significantly different with |V-CPF
(70.9 = 39.8vs55.7 £ 37.9, P = .121). Areasunder the curveof thereceiver operating characteristic
in V-CPF and I V-CPF were 0.743 = 0.057 and 0.632 = 0.069 (P < .001 and P = .058, respectively,
compared with area under the curve = 0.5). V-CPF had higher predictive accuracy for re-intuba-
tion than 1V-CPF (P = .034). In subjects with a lower quartile and third quartile V-CPF (= 43.2
L/min and 43.2-68.4 L/min, respectively), V-CPF was similar to 1V-CPF. However, in second
quartile and upper quartile V-CPF (68.4-99.0 L/min and > 99.0 L/min, respectively), V-CPF was
higher than IV-CPF (82.1 = 9.6 vs66.6 = 19.5 L/min, P < .001; 135.5 + 29.8 vs 116.2 = 38.2 L/min,
P = .006, respectively). Overall, V-CPF was higher than |V-CPF (76.0 = 41.4 vs 68.2 * 39.7,
P =.003). I n uncooper ative subjects, the V-CPF washigher than V-CPF (40.2 = 10.2vs79.2 = 29.0,
P = .042). CONCLUSIONS: V-CPF is noninvasive. It is much more accurate than |V-CPF as a
predictor of re-intubation in cooperative patients because the | V-CPF may underestimate cough
strength in patients with high V-CPF. However, it is unclear which is optimal for use in uncoop-
erative patients. Key words. cough peak flow; spontaneous breathing trial; extubation; re-intubation;
tracheotomy. [Respir Care 2014;59(11):1—. © 2014 Daedalus Enterprises]

Introduction chanically ventilated patients. Guidelinesfor weaning from
mechanical ventilation recommend removal of the endo-

The spontaneous breathing trial (SBT) ismost frequently tracheal tube when a patient has passed an SBT.+% Nev-

used for assessing recovery from respiratory failurein me-
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48-72 h, athough they have a successful SBT.48 This
results from many reasons, such as weak cough, large
amount of secretions, advanced age, impaired neurological
status, or laryngospasm.®1° Furthermore, re-intubation is
associated with a 5-fold increase in the relative odds of
death and a 2-fold increase in median ICU and hospital
stay, as well as ingtitutional costs.** Thus, avoiding re-
intubation is important.

Many studies have reported that voluntary cough peak
flow (V-CPF), measured before extubation in patients who
passed a SBT, had ahigh accuracy in predicting successful
weaning from intubation.1215 Patients with low V-CPF
had ahigh risk of re-intubation after scheduled extubation.
Su et a6 reported that involuntary cough peak flow (1V-
CPF), also measured before extubation, showed similar
accuracy in predicting re-intubation. However, which of
the two methods is more accurate in predicting re-intuba-
tion is unclear. Therefore, we designed this study to com-
pare the predictive abilities of V-CPF and 1V-CPF.

M ethods

The study enrolled the subjects as follows: (1) age = 18
Yy, (2) duration of mechanical ventilation = 24 h, (3) en-
dotracheal intubation, and (4) a successful SBT and read-
iness for extubation. Written informed consent was ob-
tained from the subjects or their families. The
investigational review board of our hospital (First Affili-
ated Hospital of Chongging Medical University) approved
this study.

All subjects on mechanical ventilation were managed
by our hospital protocol. Strategies to prevent ventilator-
associated pneumonia (eg, elevation of the head of the
bed, hand hygiene, and oral hygiene) were used in every
subject. Sedation was routinely managed to reach a Ram-
say score of 3—4 when subjects became agitated, subject-
ventilator asynchrony occurred, or other clinical condi-
tions occurred in which the subjects needed to relax.
Sedation was interrupted each morning. If the subject re-
mained calm, sedation was stopped. If not, sedation was
continued.*”

For weaning attempts, they were screened every morn-
ing as follows. improvement in the underlying condition
that led to acute respiratory failure, P, = 60 mm Hg with
Fio, = 0.5, PEEP = 5 cm H,0, temperature = 38°C, sys-
tolic blood pressure between 90 and 180 mm Hg (with-
out vasopressor therapy or with only alow-dose vasopres-
sor such as dopamine or dobutamine = 5 ug/kg/min),
heart rate = 140 beatsmin, and breathing frequency = 30
breaths/min.t

If the subject met the initial screening criteria for extu-
bation, an SBT was performed once daily for 120 min. The
SBT was carried out in pressure support mode. The sup-
port pressure was set at 6 cm H,O for an inner diameter of

2

QUICK LOOK

Current knowledge

Voluntary cough peak flow measured before extubation
coupled with a successful spontaneous breathing tria
has been shown to improve prediction of successful
withdrawal from mechanical ventilation. The cough
peak flow is a measure of the ability to clear secretions
and protect the airway.

What this paper contributes to our knowledge

Voluntary cough peak flow isamore accurate predictor
of successful extubation than involuntary cough peak
flow. Both measures are noninvasive; however, invol-
untary peak cough flow appears to underestimate cough
strength.

the endotracheal tube = 7.5 mm and 8 cm H,O for
< 7.5 mm. The subject failed the SBT if one of the fol-
lowing occurred: breathing frequency = 35 breaths/min,
frequency/tidal volume (rapid shallow breathing index)
= 105, S,o, < 90% a Fo, = 0.5, heart rate = 140 or
= 50 beats/min, systolic blood pressure = 180 or = 90
mm Hg, pH = 7.3, diminishing consciousness or diapho-
resis, and clinical signs indicating respiratory muscle fa-
tigue, labored breathing, or both.

When subjects passed the SBT before extubation, we
measured the V-CPF and I V-CPF with a spirometer (Chest-
graph HI-101, Chest MI, Tokyo, Japan; Fig. 1). Measure-
ments were done according to the sequence of enrollment
in the study: in odd-numbered subjects, we measured the
V-CPF firdt, let the subject rest for 10 min as a washout
period, and then measured the IV-CPF. In even-numbered
subjects, the order of V-CPF and 1V-CPF was switched.
Before measurement, the subjects were positioned at 30—
45° in bed, secretions were removed by suction, and sub-
jects were oxygenated with 100% oxygen for 2 min. To
measure V-CPF, subjects were coached to cough through
the endotracheal tube spirometer with as much effort as
possible. The intervals between each measure were 30—
60 s. The best of three measurements was recorded as the
V-CPF. To measure the IV-CPF, 2 mL of normal saline
was rapidly instilled into the endotracheal tube at the end-
inspiratory point through the Y -shaped tube (see Fig. 1).16
As with V-CPF measurements, the best of three measure-
ments was used as the recorded value for |V-CPF.

We assessed each subject’s neurological status every
morning according to the Glasgow coma scale, including
eye response 4 score, verbal response 5 score, and motor
response 6 score. Because the endotracheal tube wasin the
subject’s airway, the verbal response was assessed as fol-
lows. We asked 2-3 simple questions, which the subject
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A

Y-shaped tube

Syringe

Fig. 1. The spirometer was connected to the endotracheal tube
(ETT) by a filter and Y-shaped tube. One end of the Y-shaped tube
was connected to the ETT, one end was connected to the filter,
and another end was sealed by a rubber plug. The syringe was
used for instillation of 2 mL of normal saline when involuntary
cough peak flow (IV-CPF) was measured. Before voluntary cough
peak flow (V-CPF) measurement, the syringe was removed.

could answer by nodding or shaking the head for yes or no.
If al responses were rapid and the answers were correct,
we scored 5. If al responses were slow and the answers
were correct, we scored 4. If part of the answers were
correct, we scored 3. If no answers were correct, we scored
2. For no response, we scored 1. Additionally, we classi-
fied the subjects with Glasgow coma scale > 13 as coop-
erative subjects and Glasgow coma scale = 13 as unco-
operative subjects.

Criteria for re-intubation were: (1) breathing frequency
> 30 breaths/min; (2) S0, < 90% with Fio, > 0.4; (3) pH
< 7.30; (4) anincrease of > 10 mm Hgin P,co,; (5) heart
rate > 120 or < 50 beats/min; (6) systolic blood pressure
> 180 or < 90 mm Hg; and (7) diminished consciousness,
diaphoresis, clinical signs of respiratory muscle fatigue,
labored breathing, or any combination of these. Noninva-
sive mechanical ventilation was allowed if the attending
physicians thought the subjects would benefit. When there
was respiratory failure caused by weak cough strength and
large amounts of secretions, the subject received an emer-
gency tracheotomy if there was enough time. These sub-
jects were also defined as re-intubation subjects regardless
of whether they also received invasive mechanical venti-
lation. Re-intubation was recorded up to 72 h after extu-
bation.

The diagnostic accuracy of V-CPF and IV-CPF was
analyzed by receiver operating characteristic curve (SPSS
17.0, SPSS, Chicago, Illinois). The Hanley and McNeil
method was used to compare the area under the curve of
receiver operating characteristic in V-CPF and 1V-CPF.18
The cough peak flow values for successful and unsuccess-
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ful extubation subjectswere compared by independent sam-
plet test. Comparisons of V-CPF and IV-CPF in different
V-CPF groups were analyzed by paired sample t test. The
optimal cut-off value was chosen by the maximum Y ouden
index.1® P < .05 was considered significant.

Results

We recorded 115 extubations in 106 cooperative sub-
jects (including 9 subjects with second extubation) and 5
extubations in 5 uncooperative subjects between October
2011 and June 2013. Finally, we recorded 20 instances of
re-intubation in cooperative subjects and one instance of
re-intubation in uncooperative subjects, respectively. In
cooperative subjects, 5 subjects (3 for invasive mechanical
ventilation and 2 for suction only) who underwent trache-
otomy were also classified as re-intubation subjects.

The clinical characteristics of the cooperative subjects
are summarized in Table 1. The successful extubation sub-
jects had shorter duration of mechanical ventilation
(5.80 = 555 vs 9.58 + 5.84, P = .007), higher tidal
volume (435 = 142 vs 349 = 96, P = .01), and higher
V-CPF (81.3 = 41.4 vs 51.3 = 31.7, P = .003) before
extubation. However, the IV-CPF did not reach significant
difference.

The results of the V-CPF and 1V-CPF analyzed by re-
ceiver operating characteristic curves are summarized in
Table 2 and Figure 2. The diagnostic accuracy was sig-
nificantly higher in V-CPF compared with 1V-CPF
(P = .034). When the 2 subjects who underwent trache-
otomy only for suction were excluded, P = .01

Table 3 and Figure 3 show the differences in four cat-
egories of V-CPF. In subjects with lower quartile and third
quartile V-CPF, the V-CPF was similar with IV-CPF. In
subjects with second and upper quartile V-CPF, the V-
CPF was higher than IV-CPF (82.1 = 9.6 vs66.6 = 19.5L/
min, P < .001; 135.5 + 29.8 vs 116.2 = 38.2 L/min,
P = .006, respectively). Overall, the V-CPF was higher
than IV-CPF (76.0 = 41.4 vs 68.2 + 39.7, P = .003).

Table 4 and Figure 4 summarize the clinical character-
istics of uncooperative subjects. Only 1 subject required
re-intubation. The V-CPF was lower than IV-CPF
(40.2 = 10.2 vs 79.2 + 29.0, P = .04).

Discussion

Current guidelines recommend the removal of an endo-
tracheal tube after a successful SBT.1-3 However, it failsto
evaluate the patient’s airway protection. The CPF has also
been introduced to evaluate airway protection.1216 |t has
good sensitivity and specificity for predicting re-intuba-
tion after extubation when a patient has passed a SBT. Our
findings are thus in agreement with those of previous stud-
ies in cooperative patients. With the cut-off value of 62.4
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Table 1.  Characteristics of the Cooperative Subjects

Subject Characteristics EXt”bm‘ingg)““&‘s Re(',{l‘i’ggt)' on P

Age (y) 68.42 + 15.12 73.95 + 15.43 14

Male/female 64/31 10/10 A1

APACHE Il score at initia intubation 242 = 6.7 243 *+ 6.6 > .99

Causes for initial intubation
COPD exacerbation 54 7 .09
Pneumonia 18 7 14
ARDS 12 2 > .99
Postoperative acute respiratory failure 6 2 .63
Other 5 2 .35

Duration of mechanical ventilation before extubation (d) 5.80 = 5.55 9.58 = 5.84 .007

Data just collected before extubation
GCS= 14 7 2 .65
GCs =15 88 18 .65
Breathing frequency (breaths/min) 23450 24.7 = 3.7 .30
Tidal volume (mL) 435 + 142 349 + 96 .01
Minute ventilation (L) 9.6 £ 3.0 87+28 .23
Breathing frequency/tidal volume 62 = 22 71+18 .07
Heart rate (beats/min) 95+ 15 101 = 18 14
Systolic blood pressure (mm Hg) 128 = 18 124+ 21 .39
Diastolic blood pressure (mm Hg) 76 =11 72+9 .08
pH 743 = 0.05 7.44 = 0.07 .64
Paco, (MM Ho) 468 + 124 473+ 150 86
Pao, (MM Hg) 90+ 21 89 + 21 .86
Fio, 0.41 + 0.05 0.43 + 0.05 27
Pao/Fio, 222 + 63 212 + 55 51
V-CPF (L/min) 81.3+414 513+ 317 .003

81.3 + 41.4* 51.1 + 333 .004
IV-CPF (L/min) 70.9 + 39.8 55.7 + 37.9 12
70.9 * 39.8* 58.0 = 39.3 21

* In the re-intubation group, 2 patients with tracheotomy only for suction were excluded.

APACHE Il = Acute Physiology and Chronic Health Evaluation Il

GCS = Glasgow coma scale

V-CPF = voluntary cough peak flow

IV-CPF = involuntary cough peak flow

L/min in V-CPF, it has 85% sensitivity and 64.2% spec- patient passes a spontaneous breath trial. In our opinion,

ificity to predict re-intubation. However, using the SBT the endotracheal tube should be removed. However, we

introduces another problem. In the low cough population, suggest it is necessary to pay more attention to airway

it is difficult to make the decision to extubate when a management such as adequate humidification, chest phys-

Table2.  Analysis of V-CPF and IV-CPF by ROC Curves and Optimal Cut-Off Values in Cooperative Subjects

Optimal o e
Cough Peak Flow Cut-Off _\/aI ue Seng}(:;’ Ity Speg;:)cny (meaAnUic SE) (92’2%) P
(L/min)

V-CPF 62.4 85.0 64.2 0.743 = 0.057 0.653-0.820 <.001

IV-CPF 49.8 70.0 66.3 0.632 = 0.069 0.537-0.720 .058

V-CPF = voluntary cough peak flow

IV-CPF = involuntary cough peak flow

ROC = receiver operating characteristic

AUC = area under the curve
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Fig. 2. Comparison of the area under the curve of the receiver
operating characteristic in voluntary cough peak flow (V-CPF) and
involuntary cough peak flow (IV-CPF) in cooperative subjects.

ical therapy, nasotracheal suctioning, and even tracheot-
omy in some very low cough peak flow patients.

However, as compared with the results from the study
by Su et a6 1\V-CPF was only predictive of re-intubation
after scheduled extubation in cooperative subjects (Table
2). In their study, 94 (62.7%) subjects were surgery pa
tients and 17 (53.1%) received re-intubation. However, in
our study, most subjects had an exacerbation of COPD.
The different populations may result in different predictive
accuracy by IV-CPF.

In this study, we used a revised definition of re-intuba-
tion after scheduled extubation as the main weaning out-
come. This is different from previous studies, which re-
corded only re-intubation through the mouth or nose.12-16
In our study, we included re-intubation not only through

the mouth or nose but also through a tracheotomy (even a
tracheostomy tube placed solely for suction). There is no
question that tracheotomy subjects should be classified as
re-intubation if they received invasive mechanical venti-
lation. However, this classification may be controversial if
the tracheostomy tube was placed only for suction. Occa-
sionally, endotracheal intubation was only necessitated by
apneain patientswith an inability to remove secretions.20.21
In this population, clinicians can easily remove the secre-
tions through the endotracheal tube. If hypoxemia and
hypercapnia are relieved by suction alone, invasive me-
chanical ventilationisunnecessary. However, another prob-
lem is difficulty in extubation if cough ability cannot be
recovered. Therefore, if apnea occurs in subjects with a
weak cough ability, emergency tracheotomy may be agood
choice. Thus, though 2 subjects received a tracheostomy
only for suction, we also classified them as re-intubation
subjects.

To our knowledge, thisis the first study to compare the
ability of V-CPF and | V-CPF to predict weaning outcomes.
We demonstrated that V-CPF was better than 1\V-CPF for
prediction of re-intubation in cooperative subjects. Fur-
thermore, we observed that some high V-CPF subjects had
low IV-CPF (Table 3 and Figs. 3). However, the reason for
this difference is unclear. We speculate on the reasons as
follows. First, V-CPF and IV-CPF employ different path-
waysto generate coughing.22-25 Thevoluntary cough, which
iscontrolled by the cerebral cortex, isinitiated by irritation
or voluntary action and can be inhibited by conscious pa-
tients. If a patient is told to do so, voluntary coughing can
be depressed by 90% when capsaicin is inhaled.2226 On
the other hand, the involuntary cough is controlled by the
brainstem and is only initiated by irritation when the stim-
ulus reaches a reflex threshold. Moreover, involuntary
cough strength is associated with the intensity of the irri-
tation. However, it also can be depressed in conscious
patients.2226 |n this study, the involuntary cough was stim-
ulated by 2 mL of normal saline, and different subjects
may have had different reflex thresholds. We found that

Table 3.  V-CPF Versus IV-CPF in Four Categories of V-CPF in Cooperative Subjects
V-CPF
Lower Quartile Third Quartile Second Quartile Upper Quartile Total
(=43.2L/min; (43.2-68.4 L/min; (68.4-99.0 L/min; (>99.0 L/min; (115 extubations)
29 extubations) 29 extubations) 29 extubations) 28 extubations)
V-CPF 33374 554+ 7.8 821+ 96 1355+ 29.8 76.0 = 414
IV-CPF 384214 534 +27.1 66.6 = 19.5 116.2 + 38.2 68.2 + 39.7
P 19 71 <.001 .006 .003

The = 25th, 25th through 50th, 50th through 75th, and > 75th percentile of the V-CPF were classified as lower quartile, third quartile, second quartile, and upper quartile, respectively. The

comparison between V-CPF and 1V-CPF groups was analyzed by paired sample t test.
V-CPF = voluntary cough peak flow
IV-CPF = involuntary cough peak flow.
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Fig. 3. Distribution of the voluntary cough peak flow (V-CPF) and involuntary cough peak flow (IV-CPF) in A: total population, B: lower
quartile, C: third quartile, D: second quartile, and E: upper quartile V-CPF in cooperative subjects.
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Table 4. Characteristics of the Uncooperative Subjects
Subject No.
Subject Characteristics
1 2 3 4 5
Age (y) 80 85 69 82 79
Male/female F M M M F
Causes for initia intubation Pneumonia Pneumonia Pneumonia Pneumonia COPD exacerbation
Duration of mechanical ventilation before extubation (d) 12.8 3.0 2.8 7.7 6.8
Data just collected before extubation
GCS 9 10 9 10 12
Breathing frequency (breaths/min) 22 19 25 30 20
Tidal volume (mL) 284 477 481 440 453
Ventilation (L/min) 6.28 9.8 122 125 8.58
Breathing frequency/tidal volume 85 53 52 70 51
Heart rate (beats/min) 78 69 80 92 64
Systolic blood pressure (mm Hg) 125 105 115 145 126
Diastolic blood pressure (mm Hg) 67 59 73 65 57
pH 7.47 7.47 7.55 7.40 7.38
Paco, (mm Hg) 46 36 28 25 44
Pao, (MM Hg) 119 120 155 87 83
Fio, 0.30 0.35 0.30 0.30 0.40
Pao/Fio, 397 343 517 290 208
V-CPF (L/min) 45.0 474 34.2 49.2 252
IV-CPF (L/min) 73.2 60.6 123.0 90.6 48.6
Re-intubation at 72 h No Yes No No No

GCS = Glasgow coma scale
V-CPF = voluntary cough peak flow
IV-CPF = involuntary cough peak flow.

140

120

100 A

L/min
()] [02]
o o

20 1

V-CPF IV-CPF

Fig. 4. Comparison of voluntary cough peak flow (V-CPF) and
involuntary cough peak flow (IV-CPF) in uncooperative subjects.
The V-CPF was lower than IV-CPF (40.2 = 10.2 vs 79.2 + 29.0,
P = .04).

the IV-CPF was lower than V-CPF in high V-CPF coop-
erative subjects (Table 3 and Fig. 3). In the high V-CPF
cooperative subjects, the IV-CPF may have been partly
depressed when the subject felt uncomfortable, or the in-
tensity of irritation of the IV-CPF may not have reached its

RespirRATORY CARE © NovEMBER 2014 VoL 59 No 11

maximum via instillation of 2 mL of normal saline, or
both. Furthermore, in our study, the V-CPF was initiated
by voluntary action. By contrast, the 1V-CPF was initiated
by 2 mL of normal saline. The different initial phase may
result in different values. Thus, in the high V-CPF coop-
erative subjects, this amount of saline may result in un-
derestimation of cough strength by IV-CPF.

Furthermore, the instillation of normal saline may make
a patient uncomfortable, although Su et al® observed no
obvious side effects or complications. Several studies re-
ported that oxygen saturation decreased when normal sa
line was ingtilled before suctioning, compared with the
conventional suctioning technique.2-3° In this study, we
observed that some subjects felt uncomfortable and the
oxygen saturation decreased when the 1V-CPF was mea-
sured after ingtillation of 2 mL of normal saline. However,
the measurement of V-CPF is noninvasive, and therefore,
desaturation can be avoided.

The measurement of V-CPF required subject coopera-
tion. However, it is difficult to carry out in uncooperative
patients such as coma patients. In these patients, the V-
CPF may be a good choice. In our study, we classified the
subjects with Glasgow coma scale = 13 as uncooperative
subjects. We found that the IV-CPF was much higher than
V-CPF (Table 4 and Fig. 4). However, we only enrolled 5
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uncooperative subjects (1 required re-intubation). Because
of the small sample size, we drew no conclusion as to
which of the two measurements was better in this popu-
lation. However, in clinical decision making, we suggest
that attending physicians refer to the lower quartile of
cough peak flow in uncooperative patients.

Our study has some limitations. Laryngospasm after
extubation was not recorded in our ICU. It may be more
difficult to distinguish re-intubation caused by weak cough
or laryngospasm. Approximately 50% of subjects had an
exacerbation of COPD, which may skew the results. Re-
intubation occurred for various reasons. In this study, we
found the re-intubated subjects had longer duration of me-
chanical ventilation before extubation (Table 1). A previ-
ous study demonstrated that patients with long periods of
mechanical ventilation had high rates of respiratory failure
after extubation.3! Thus, to prevent re-intubation, it was
not adequate for caregivers to pay attention only to the
weak cough peak flow subjects. Furthermore, the reason
the two cough peak flow measurements showed different
predictive accuracy in cooperative subjectsis unclear. Fur-
ther studies should explore thismechanism. Third, we drew
no conclusions in uncooperative subjects because of the
small sample size. Thus, in the future, it would be worth-
while to explore this population.

Conclusions

V-CPF as a noninvasive measurement was better than
IV-CPF at predicting re-intubation in scheduled extubated
cooperative subjects. |V-CPF measurements may under-
estimate cough strength in patients with high VV-CPF. How-
ever, in uncooperative patients, the optimum measurement
is unclear.
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