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Study design: A prospective cohort study.

Obijectives: To evaluate whether patients with cervical spinal cord injury (CSCI) are able to learn the
technique of glossopharyngeal pistoning (breathing) for lung insufflation (GI) and if learned, to evaluate
the effects of Gl on pulmonary function and chest expansion after 8 weeks.

Setting: Karolinska University Hospital, Stockholm, Sweden.

Methods: Twenty-five patients with CSCI (21 men, four women) with a mean age of 46 years
(21-70), from the Stockholm area, were used in this study. The participants performed 10 cycles of Gl
four times a week, for 8 weeks. Pulmonary function tests made before and after the Gl training included
vital capacity (VC), expiratory reserve volume (ERV), functional residual capacity (FRC; measured with
nitrogen washout), residual volume (RV) and total lung capacity (TLC). Chest expansion was measured
before and after training.

Results: Five of the twenty-five participants had difficulty in performing Gl and were excluded in
further analysis. Performing a Gl maneuvre increased participants’ VC on average by 0.88 + 0.5 1. After 8
weeks of training, the participants had significantly increased their VC 0.231, (P<0.001), ERV 0.16/,
(P<0.01), FRC 0.861, (P<0.001), RV 0.701, (P<0.001) and TLC 0.931, (P<0.001). Chest expansion
increased at the level of the xiphoid process by 1.2cm (P<0.001) and at the level of the fourth costae

by 0.7cm (P<0.001).

Conclusions: After using Gl for a period of 8 weeks, the participants with CSCI who could perform Gl
were able to improve pulmonary function and chest expansion.
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Introduction

Injury of the cervical spinal cord (CSCI) between C4 and CS5
can lead to severe respiratory deficiency because of partial or
total paralysis of respiratory muscles. Diminished tidal
volumes and cough flows are typical, whereas vital capacity
(VC) and compliance in the lungs and thorax may
decrease.!”* Cough function may also be adversely affected,
thus secretions may be retained and impaired gas exchange
may develop.'? Pulmonary complications are one of the
most common causes of mortality and morbidity in these
patients.?
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To improve cough flow it is important to increase the
MIC (maximum insufflation capacity); this is the maximal
volume of air that can be held in the lungs with the
glottis closed.* This can be achieved with mechanical
insufflation-exsufflation, by air stacking with a manual
resuscitator, or with glossopharyngeal breathing (GPB).>
GPB is the use of glossopharyngeal muscles to piston
(gulp) small amounts of air into the lungs, assisting
ventilation. It can be used for patients with decreased
VC to increase VC, to cough more effectively, increase
speech volume, maintain pulmonary compliance and
prevent atelectases.®” Glossopharyngeal insufflation volume
(GIV) is the lung volume over the inspiratory capacity
added by glossopharyngeal pistoning for lung insufflation
(GI). VCqg is the VC supplemented by GI, thus
VCg=VC+ GIV.%?
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If VC can be increased, both in the short and long term, it
would be beneficial for the patient, enhancing the capability
to clear airway secretions and reducing the risk of pneumo-
nia.

The aim of this study was to evaluate whether patients
with CSCI can learn the GI technique (and thus GPB) and
whether learned to evaluate the effects of GI on pulmonary
function and chest expansion after 8 weeks.

Materials and methods

Participants

Participants were recruited from the Spinals clinic at the
Karolinska University Hospital in Stockholm. The inclusion
criteria were as follows: spinal cord injury with a lesion
between the level of C4 and C8, time between injury and
inclusion at least 1 year, an American Spinal Injury
Association'® impairment classification of A, B or C,
ventilatory independent and 16-70 years of age.

Exclusion criteria were chronic obstructive pulmonary
disease, symptomatic infection characterized by fever,
unable to perform GI because of the presence of severe
conditions, trauma or cognitive dysfunction.

Table 1 shows the baseline characteristics of the 25
participants. Table 2 shows the injury level and the American
Spinal Injury Association classification. The study was
approved by the local Research Ethics Committee at the

Table 1 Participant characteristics displayed as mean values (range)
N=25
Age (years) 47 (21-70)
Height (cm) 177 (150-192)
Weight (kg) 68 (48-100)
Gender (male/female) 20/5
Year of injury 21 (2-51)
Cigarette smoking (current/former/never) 4/3/18
VC () 3.08 (1.37-4.73)
% Predicted 67 (23-95)
FRC (1) 3.30 (1.28-5.37)
% Predicted 93 (21-143)
TLC (1) 5.59 (2.83-7.54)
% Predicted 81 (59-109)
RV (1) 2.52 (0.89-4.03)

% Predicted
DLCO/VA (DLCO per I)

120 (30-197)
1.10 (0.80-1.53)

% Predicted 74 (48-106)
MIP (cm H,0) 82 (27-132)
% Predicted 79 (26-132)
MEP (cm H,0) 66 (27-122)
% Predicted 34 (12-65)
PEF (Imin~") 352 (169-479)
PCF (Imin~") 371 (188-509)

Blood pressure (mm Hg) 110/70 (95/60-130/75)

Heart rate (beats per min) 67 (46-96)
Sa02 (%) 96 (95-99)
EtCO, (kPa) 4.35 (3.4-5.3)

Abbreviations: DLCO, diffusion capacity; EtCO,, end-tidal carbon dioxide;
FRC, functional residual capacity; MEP, maximal expiratory pressure; MIP,
maximal inspiratory pressure; PCF, peak cough flow; PEF, peak expiratory
flow; % Predicted, percent of predicted values; RV, residual volume; SaO2,
oxygen saturation; TLC, total lung capacity; VA, alveolar ventilation; VC, vital
capacity.
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Karolinska Institutet. All subjects gave their written in-
formed consent to participate.

Procedure

Each participant received individual instruction on the GI
technique from the same physiotherapist. They watched an
instructional video, received written information and prac-
ticed the technique with the instructor.

The participants first carried out a maximal inhalation and
then performed GI using as many gulps of air as possible
without discomfort. Finally, the air was passively expelled.
All participants gulped through the mouth. All participants
tried to perform the technique both with and without a nasal
clip to avoid air leakage past the soft palate. All carried out a
short warm-up with stretching exercises for the chest, then
performed 10 repetitions of GI in a sitting or supine position.
They performed GI at least four times a week for 8 weeks.

All measurements were performed by the same researcher
before and after 8 weeks of GI sessions. Some intermediate
measurements were taken during ‘follow-ups’ performed at
least three times during the 8-week period. Measurements
were performed before, during and after a training session
(see below).

Static and dynamic spirometry, including measurements
of VC, expiratory reserve volume (ERV), functional residual
capacity (FRC), residual volume (RV), total lung capacity
(TLC), diffusion capacity (DLCO) and alveolar ventilation
were carried out using a Vmax 229 spirometer (SensorMe-
dics, Yorba Linda, CA, USA) in accordance with current
American Thoracic Society standard.!! Reference values from
Quanjer et al.'* were used for comparison.

A portable infrared interruption flow sensor (Micro Loop;
Cardinal Health, Basingstoke, UK) was used for ‘follow-up’
measurements of VCg; during the 8-week training period,
along with measurements of VC before and after a session,
enabling the calculation of GIV according to
VCg1=VC+GIV. Peak cough flows (PCFs) were measured
by coughing into a tight-fitting full-face mask (Laerdal
Medical AB, Halmstad, Sweden) connected to the Micro
Loop.

Mouth pressure was measured using a mouth pressure
meter (Precision Medical Ltd, Kent, UK). To measure the
maximum expiratory pressure (MEP), participants performed
a maximum expiratory effort after a maximum inspiration.
The maximum inspiratory pressure (MIP) was measured by
exerting the maximum inspiratory effort after a maximum
expiration. The value for MEP and MIP was taken as the
highest value after three or more attempts.'?

Table 2 Categorization of participants with cervical (C) injury level
(C4-C8) and ASIA classification (A-C; N=25)

C4 cs c6 c7 c8
ASIA A 2 1 7 2
ASIA B 3 2 2 3 1
ASIA C 1 1

Abbreviation: ASIA, American Spinal Injury Association.
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Chest expansion was measured at the level of the xiphoid
process and at the fourth costae using a tape measure. The
participants were instructed to perform a maximal exhala-
tion (to RV) followed by an inhalation to TLC. Chest
expansion was calculated as the difference between circum-
ferences at RV and TLC.? Chest expansion was also measured
after gulping to TLCg;.

The number of pistoning gulps in each cycle and number
of cycles were recorded in a training diary, along with any
remarks on the training. The participants graded their
perceived tension in the chest on the Borg CR-10 scale’
while performing GI during the training sessions. The
participants were also asked to grade their ability to cough
and their ability to clear secretion before and after the
training period. They were asked: ‘How is your cough
function affected?” and ‘How is your ability to eliminate
secretion affected?’” The answers were also rated on the Borg
CR-10 scale.’

Statistical analysis

Descriptive statistics are presented as mean+t1 s.d. and/or
median and range. Any differences between results at
baseline and after 8 weeks were assessed using Student’s
paired t-test. Ratings on the Borg CR-10 scale were assessed
with the Wilcoxon signed-rank test. For the relationship
between PCF with GI, GIV and GIV,? a multiple regression
analysis were used. A statistical significance was set at
P<0.05. STATISTICA (7.0, Stat Soft Inc., Tulsa, OK, USA)
was used for the analysis.

Results

Five of the participants could not exceed their VC when
trying to perform GI; therefore, they were excluded from
further analysis.

It was found that VC (P<0.001), ERV (P<0.01), FRC
(P<0.0001), RV (P<0.001) and TLC (P<0.0001) all increased
significantly after the training period (Figure 1). Mean GIV
above VC was 0.88 £0.51 (an increase of 28%). PCF changed

(P=0.057). There was a significant multiple regression
between PCF with GI, GIV and GIV,?> P<0.05, adjusted
R>=0.39 and multiple R=0.68. This is showed with a
polynomial of second degree, (Figure 2). DLCO did not
change (7.26 + 1.51 mmol kPa~ ' min 1), but alveolar ventila-
tion increased significantly from 5.29+1.21 to 5.47+£1.21
(P<0.05). Neither MIP nor MEP changed.

After training, chest expansion increased significantly
during maximal inhalation from RV to TLC and also on
gulping to TLCgy; at the level of the xiphoid process, values
increased from 3.1+ 1.2cm to 4.3+ 1.3 cm (P<0.001) and up
to 6.4+ 1.7 cm (P<0.001), respectively, and at the level of the
fourth costae, from 3.6+1.1cm to 4.3+1.3cm (P<0.001)
and up to 5.8+ 1.3cm (P<0.001), respectively.

Some participants learned the GI technique immediately,
whereas others took up to 3 weeks. Six participants used the
nasal clip while training; four used it occasionally. Training
compliance (self-reported) was 87%. The participants per-
formed a mean of 10 GI cycles per training session, with each
cycle consisting of an average of 14 gulps. The participants
graded their perceived tension on the Borg CR-10 scale
during GI, giving a median of 4 (range: 2-10). Participants
occasionally reported that during, or shortly after perform-
ing GI, temporary symptoms such as dizziness (90%), local
paresthesia (35%) and tension in the chest (25%) occurred.
Three participants reported episodes of syncope during GI
and two reported that they were close to syncope.

The participants significantly improved their rating of the
two questions concerning cough function and ability to clear
secretions. In answer to the former, the average reply moved
from median 7 (range: 1.5-10; strongly affected) to 3.5
(range: 2-10; P<0.01; moderately affected), and the latter
question’s reply changed from median 7 (range: 0-10;
strongly affected) to 4 (range: 1-9; P<0.01; moderately
affected).

Discussion

The main findings of this study were that 20 of the 25
participants were able to adopt the GI technique and they

using GI from 395+83Imin~' to 424+101lmin~!, increased most pulmonary function parameters significantly
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Figure 1 Pulmonary function parameters before (b) and after (a) 8 weeks, VC, vital capacity; ERV, expiratory reserve volume; FRC, functional

residual capacity; TLC, total lung capacity; RV, residual volume. There were significant increases in all parameters; VC, P<0.001; ERV, P<0.01;

FRC, P<0.001; RV, P<0.001; TLC, P<0.001.

Spinal Cord



600 [
550 | .
500 |
450 |
400 |

350

PCF with GI (I min)

300 ¢

250 ¢ .

200

Glossopharyngeal pistoning in patients with CSCI
M Nygren-Bonnier et al

00 02 04 06 0.8

12 14 16 18 20 22

GIV (1)

Figure 2 Relationship between glossopharyngeal insufflation volume (GIV) and peak cough flow (PCF) with glossopharyngeal pistoning for

lung insufflation (GI), with a polynomial of second degree.

after the 8-week period. Participants were able to insufflate
an additional 28% of their VC by GI, increasing chest
expansion while doing so. Chest expansion without GI was
also increased afterwards.

Chest expansion increased both during GI and after the
training, which supports the increase in the pulmonary
function parameters. GI will add a substantial volume of gas
to the lungs; although some gas (up to 10%) may be
compressed'* and some will enter the thorax where there
is reduced blood volume, the major effect of the added gas is
an expansion of the chest.® This chest expansion, beyond
‘normal’ TLC, results in a stretching effect of the respiratory
system; this effect has been studied in healthy subjects®®
who increased their ability to expand their chest and VC
after 5-6 weeks of training using the GI maneuvre. A study
by Huldtgren et al.,'’ in patients with CSCI, has shown that
it is possible to maintain or restore optimal mobility of the
chest and improve cough function using a manual resusci-
tator to reach the MIC.

The parameters VC, ERV, FRC and TLC increased signifi-
cantly and thus participants were able to inhale and exhale
more air. This is obviously of benefit, as patients with CSCI
are characterized by a decrease in these parameters and an
increase in RV; the treatment goal is to normalize all of
these.'

In a study by Rutchik et al.,'® patients with CSCI
participated in an 8-week resistive inspiratory muscle train-
ing program. They had similar increases after training in
FVC, VC, TLC and FRC and also in MIP. However, in this
study, MIP and MEP did not change. This was expected, as
the training was aimed to stretch the chest wall alone. MEP
and MIP tests were included in this study to control the
participants’ respiratory muscle strength. The increased RV
in this study also supports the notion that we did not train
the expiratory muscles.

We believe that the increases in pulmonary function seen
in this study were because of increased chest wall compliance

(not pulmonary compliance), thus increased FRC, and
the ability to inhale a larger VC with unchanged
respiratory muscle strength. To further elucidate the
relative contribution of chest wall and lung tissue with
compliance would require measurements of transpulmonary
pressure.'*

Studies have shown that the PCF increases more with GI
than with other maximum inspiratory techniques.* Kang
and Bach® also showed that VC and MIC correlated
significantly with PCF, strengthening the results of the
multiple regression (Figure 2) in our study. The participants
had PEF and PCF values over 270 Imin~', which is
enough for an effective cough, according to Bach and
Saporito.’

Some of the participants reported temporary symptoms of
faintness, and three went on to faint. Such results have been
reported earlier,®'®'? and considered to depend on a
reduction in preload as a result of the increased intrathoracic
pressure when the participants perform GIL'*® Collier
et al.'® showed in a different group of patients, post-polio,
that the arterial blood pressure fell slightly when they
performed moderate GPB; no studies has yet been performed
on patients with spinal cord injuries regarding arterial and
esophageal pressure during GPB and GI. When a participant
was asked to perform a maximal GPB (that is, similar to our
GI maneuvers), arterial blood pressure fell to an extent where
pulse pressure disappeared,'® corresponding to the increases
in intrathoracic pressure. This finding was confirmed in
healthy (diver) subjects studied by Novalija et al.'® as well as
an increase in heart rate, which is a normal physiological
response to a decrease in venous return.'? These divers could
modify their GIV to avoid syncope, and we believe that most
patients and healthy subjects may control their GIV to get
the benefits by avoiding syncope. For some patients, it may
be of value to perform this technique supine. Special
consideration may be needed in patients with CSCI as they
may have autonomic dysreflexia, as shown in some patients
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with complete lesion in Thé or higher.?° They may have less
ability to regulate peripheral resistance to maintain blood
pressure and also heart rate.’” We did not measure arterial
blood pressure or esophageal pressure during GI in this
study, and we did not experience any reactions in our
group that had not been described in earlier studies.
Thus, we suggest that the instructor of GI should be well
educated and aware of this possibility, and how to cope with
such situations, as such a participant may be prone to
syncope.

The participants notably improved the rating of their
ability to cough and clear secretions after the GI interven-
tion. These results might be because of the fact that once
having learned the technique, they were able to use GI, as
they felt necessary, increasing their lung volume and thus
achieving a more effective cough and clearing secretions
more effectively.

A limitation of the study was that the optimal study design
might have been a randomized controlled study, but the
participants were their own controls in this study. It was not
expected that other factors should affect the physiological
variables. A study on training effects of GI by Nygren-
Bonnier et al.’ showed that there were no changes on VC in
the control group, although they were controlled with the
spirometer, once a week.

Another limitation was that the blood pressure, heart rate
and oxygen saturation were only measured before and after
the training period. In further studies, it would be interesting
to measure during GI.

Conclusions

A total of 20 of the 25 study participants learned GI, and over
8 weeks they were able to improve their pulmonary function
and chest expansion.

The GI technique can be difficult to learn, but once
learned it is easy to perform.

Considering the symptoms and also the episodes of
fainting, the respiratory therapist must be well educated.
However, this method, if learned properly in a clinical
setting by an educated instructor, should not entail any
major risk.
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