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Noninvasive determination of inspiratory pressure in patients
with spinal cord injury: what is the best method?* **

Determinacgio ndo-invasiva da pressdo inspiratoria em pacientes
com lesdo medular traumatica: qual € o melhor método?
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Abstract

The aim of the study was to evaluate the performance of sniff nasal inspiratory pressure (SN1P) and MIP in individuals
with spinal cord injury. We evaluated 26 patients with spinal cord injury. Mean FVC in those with tetraplegia was
52 + 19% of predicted, compared with 78 % 23% of predicted in those with paraplegia (p < 0.05). In contrast, the
percentage of predicted SNIP was lower in those with tetraplegia than in those with paraplegia (p < 0.05). In all
participants, SNIP correlated significantly with the level of the injury (r = 0.489; 95% Cl: 0.125-0.737). The impact
that the greater discriminatory power of SNIP has on the diagnosis of impaired pulmonary function in spinal cord-
injured patients should be investigated further.
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Resumo

0 objetivo deste estudo foi verificar o desempenho da pressdo inspiratoria nasal durante o fungar (Plnas) e da
PImax em individuos com lesdo medular traumatica. Foram avaliados 26 pacientes com lesdo medular traumatica.
Os pacientes tetraplégicos e paraplégicos exibiram diferentes médias do percentual do previsto da CVF, respecti-
vamente, 52 £+ 19% e 78 £ 23% (p < 0,05). Ao contrario da Plméx, o percentual do previsto médio da Plnas foi
inferior nos tetraplégicos (p < 0,05) e, em todos os participantes, a correlagdo com o nivel da lesdo foi significativa
(r = 0,489; 1C95%: 0,125-0,737). O impacto do melhor discernimento da Plnas no diagndstico das alteracoes da

funcéo inspiratdria de pacientes com lesdo medular traumatica merece ser aprofundado.

Descritores: Traumatismos da medula espinal; Testes de funcédo respiratéria; Musculos respiratorios;

Paralisia respiratoria.

Pulmonary complications are responsible for
elevated morbidity and mortality rates in tetra-
plegic patients.) Spinal cord injury (SCI) can
cause weakness and respiratory muscle paralysis
in varying degrees, depending on the level and
completeness of injury.®? The traditional inves-
tigations used in SCI patients are spirometry and
determination of lung volumes. However, various
factors can influence MIP and MEP results,*”
and the value of MIP as an index of inspiratory
power has been questioned.® One alternative
is determination of sniff nasal inspiratory pres-
sure (SNIP). To date, there have been no clinical
studies evaluating the use of SNIP in patients with
SCI. However, in patients with other neuromus-

cular diseases, the prognostic value of SNIP for
the evaluation of diaphragm strength has been
shown to be comparable to that of nonvolume-
tric and invasive tests.®") The determination of
SNIP is a rapid, easily executed procedure, and
the equipment required is portable. To examine
the hypothesis that SNIP can detect reduced
inspiratory muscle strength in SCI patients, we
compared SNIP, MIP and other pulmonary func-
tion parameters in SCI patients presenting total
loss of motor function, stratifying the sample
according to the level of the injury.

From June to October of 2005, 26 SCI
patients were evaluated at the Hospital Sarah-
Brasilia. The inclusion criteria were as follows:
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being male; being over 16 years of age; presen-
ting complete cervical or thoracic motor lesion
between C5 and T12 (American Spinal Injury
Association grade A or B)'?; and being clinically
stable. The following exclusion criteria were
applied: having any systemic disease; requi-
ring ventilatory support; and presenting nasal
congestion or respiratory allergies. The patients
were divided into two groups, based on the level
of the injury (cervical or thoracic, correspon-
ding to the tetraplegic and paraplegic patients,
respectively). The two groups were similar in
terms of clinical and demographic characteris-
tics (Table 1).

The research protocol was approved by the
Ethics Committee of the Hospital Sarah-Brasilia,
and all patients gave written informed consent.

The protocol consisted of spirometry, maximal
respiratory pressure determination and SNIP
measurements. Subjects were tested individually
during a single afternoon session while seated in
their own wheelchair. Spirometry (MasterScope;
Jaeger, Hoechberg, Germany) was conducted
according to the American Thoracic Society
standards,"® adjusted for SCl patients."”
Subsequently, maximal respiratory pressures were
measured using a Micro Medical respiratory pres-
sure meter (Micro Medical Ltd, Kent, UK) in a
random sequence. The device incorporates a stan-
dard leak to avoid glottic closure at the moment
of inspiratory and expiratory efforts. The data
obtained were analyzed using the PUMA respi-
ratory pressure database and analysis software,
version 1.4 (http://puma.princeton.edu).

For the maximal respiratory pressure
measurements, patients breathed through a
flange-style mouthpiece with nasal clips and
produced an effort of at least 2 seconds in dura-
tion. Measurements of MIP were obtained near
residual volume, whereas those of MEP were
obtained near total lung capacity.”"'” The SNIP
was obtained near functional residual capacity
using a plug adjusted to fit one nostril of the
participants, while the other nostril was manu-
ally closed by the technician. All MIP, MEP and
SNIP maneuvers were performed four times, with
intervals of at least 60 s between each measure-
ment. The highest values were recorded. For SNIP
measurements, the procedure was performed
twice in each nostril. For spirometry, we adopted
the predicted value equations of Pereira et al.l'®;
for MIP and MEP, we adopted those of Neder
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Table 1 - Means (standard deviation) of groups
characteristics and observed and percentage of
predicted of spirometric parameters, MEP and MIP
mouth pressures and sniff nasal inspiratory pressure
(SN1P).

Parameter Cervical Thoracic
C5-C8 T1-T12
n=10 n=16
Age, years
mean 29.2 (8.9)  26.7 (8.0
range 19-45 17-37
Body mass index, kg/m?
mean 22.3(3.7) 24.8(4.9)
range 16-25 18-35
Time since injury, months®
mean 21.8(16.9) 23.1(28.4)
range 2-55 5-117
Completeness of 9/1 16/0
injury, ASIA A/B
FVC, L
obs 2.5 (0.8)* 4.0 (1.4)
Y%pred 51.9 (18.9)* 78.0 (23.3)
FEV, L
obs 2.3 (0.8)* 3.4 (1.2)
Y%pred 55.4 (20.7)* 79.6 (24.9)
FEV,[FVC %
obs 84.8 (20.8) 87.2(10.8)
MEP, cmH,0
obs 68.2 (23.1)  97.9 (45.0)
Y%pred 48.4 (17.0) 64.3 (32.4)
MIP, ecmH,0
obs 71.7 (28.9)  92.9 (30.9)
Yopred 54.8 (22.5) 69.3 (22.9)
SNIP, cmH,0
obs 68.5 (23.2)* 98.4 (33.9)
Y%pred 60.0 (20.1)** 85.2 (29.5)

Obs: observed; %pred: percentage of predicted; ASIA:
American Spinal Injury Association; SNIP: sniff nasal inspi-
ratory pressure. *Height was determined by dividing arm
span by 1.06 and thus calculating BMI in order to select
predicted spirometry values. PLess than 6 months after
acute injury in 3 patients: one in the cervical group (C6,
2 months); and two in the thoracic group (T3 and T4,
5 months for both). *p < 0.05 vs. thoracic group; *p <
0.001 vs. thoracic.

et al.'¥; and, for SNIP, we adopted those of
Uldry and Fitting.!"”

The statistical tests were restricted to
Student’s t-tests, since all variables presented
normal distribution of data. In the analysis of
correlation (Pearson’s), we considered the most
cranial level of loss of motor function. We arbi-
trarily assigned a unitary value to each level of
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spinal cord segmentation: levels C5 to T12 were
assigned numeric values of 5 to 20. Analyses
were performed using the Statview program,
version 5.0.1 (SAS Institute Inc., Cary, NC, USA).
The level of significance was set at p < 0.05.

With the exception of the FEV]/FVC ratio,
the mean values (in percentage of predicted)
of the spirometry parameters were lower in the
tetraplegic (cervical injury group) patients than
in the paraplegic (thoracic injury group) patients
(p < 0.05; Table 1). The correlation between
the percentage of predicted FVC and the level
of injury was significant (r = 0.631; p < 0.001;
95% Cl: 0.323 to 0.818; Figure 1).

The mean values (observed and percentage
of predicted) for MEP and MIP were lower in the
cervical injury group than in the thoracic injury
group, although the difference was not signifi-
cant (Table 1). The mean SNIP value was lower
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for tetraplegic patients than for paraplegics
patients (p = 0.011). When values were corrected
for the predicted values, the difference between
the groups remained (p < 0.001; Table 1). As
can be seen in Figure 1, the correlation between
the mean percentage of predicted and the level
of injury was significant for MEP (r = 0.611;
95% Cl: 0.293 to 0.807) and SNIP (r = 0.489;
95% Cl: 0.125 to 0.737), although not for MIP
(r = 0.246; 95% Cl: -0.157 to 0.578).

Our findings show that SNIP is positively
and significantly correlated with the level of
injury. The spectrum of disturbance observed
through FVC measurement was paralleled by
that observed through SNIP determination,
lower values for both parameters being obtained
in tetraplegic patients. Neither MEP nor MIP
was sensitive enough to differentiate tetraplegic
patients from those with thoracic medullar inju-
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Figure 1 - Linear regression curves and respective equations correlating the level of injury with the percentage
of predicted (pp) values for FVC, MEP, MIP and sniff nasal inspiratory pressure (SNIP). Number of patients
by level of injury: C5=2;C6=6;C7=2;T1=2;T3=5;T4=4;T6=1;TI0=2;T11 =1;and T12 = 1.
Reference values adopted from the following studies: (for spirometry) Pereira et al.'®; (for MIP and MEP) Neder

et al.'”; and (for SNIP) Uldry and Fitting.!"”
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ries, and MIP failed to present any significant
correlation with the exact level of injury.

Evaluating respiratory muscle strength in
patients with neuromuscular disorders is chal-
lenging. Significant muscle weakness cannot
be clinically excluded in such patients, even in
those presenting normal or near normal lung
volumes.® In addition, it is difficult to determine
lung volumes in such cases, since it depends on
patient cooperation and therefore adequate
voluntary control. Respiratory muscle strength
is typically evaluated on the basis of MIP and
MEP, which must be interpreted with caution
in individuals with neuromuscular disease. Low
values (false-positive results) can be caused by
inadequate patient effort, as well as by air leaks,
fatigue or other factors.!"

The invasive technique of measuring trans-
diaphragmatic and esophageal pressure during a
sniff is considered the most accurate and repro-
ducible method of evaluating the overall strength
of the diaphragm.” Determination of SNIP is a
noninvasive, accurate and reproducible alterna-
tive of assessing inspiratory muscle strength." 1t
strongly correlates with the esophageal pressure
during a sniff in normal individuals and patients
with skeletal and neuromuscular diseases.” In
patients with amyotrophic lateral sclerosis, SNIP
has proven to be more sensitive than is FVC to
measure minor changes in muscle strength and
to predict the decline in respiratory function as
the disease advances.”

To our knowledge, there have been no studies
investigating the use of SNIP in patients with
SCl, although various studies have demonstrated
the benefits of SNIP for evaluating patients with
neuromuscular diseases. One study used trans-
diaphragmatic pressure during a maximal sniff,
MIP and vital capacity in order to study the
effect that different body positions and abdo-
minal binders have on respiration in tetraplegic
patients.® The authors found no relationship
between MIP and the various conditions tested.
They stated that MIP was “too variable to be a
valuable index of inspiratory power”® Another
study involving 30 patients with cervical injury
also found no relationship between MIP and the
level of the injury.'®

There are limitations to our study. We did
not employ any gold standard test (e.g., esopha-
geal pressure) as a comparison. In addition, the
number of maneuvers could have been greater.
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Furthermore, the possibility of a type 11 error
exists, since there were only 5 patients with
T6-T12 injury available for study. Moreover, a
post hoc evaluation, using a one-tailed analysis
and an alpha of 0.05, found a power of less
than 80% for MIP and MEP. Despite being
underpowered, the study showed that SNIP was
significantly better than MIP in discriminating
the effect of SCI on inspiratory function. Another
concern is the method we used to obtain the
SNIP values. ITn most previous studies, SNIP has
been measured in one nostril during a maximal
sniff performed while leaving the contralateral
nostril open.' Since many patients with tetra-
plegia tended to make poor efforts and often
needed encouragement, we chose to occlude the
contralateral nostril, as advocated by Morgan
et al.®) Asrecommended by the American Thoracic
Society and the European Respiratory Society,!'
we used the predictive equation devised by Uldry
and Fitting!"” for healthy subjects. Therefore, our
percentage of predicted values might have been
overestimated, which would tend to narrow any
difference. Nevertheless, we observed a signifi-
cant difference in SNIP between the groups, and
SNIP values correlated with the level of injury,
even when analyzed by Spearman’s correlation
coefficient. These methodological flaws would
tend to reduce the chance of finding significant
differences between groups, and we are there-
fore further encouraged that our results reflect
real differences. However, our results are preli-
minary and must be interpreted with caution.
There are major differences between MIP and
SNIP.291tis of note that the procedures employed
to determine these inspiratory pressures are not
equivalent, since they are performed at diffe-
rent lung volumes. In addition, SNIP takes place
during a ballistic effort, whereas MIP requires
a supported effort. Determination of SNIP is
an easy and natural procedure that allows the
patients to activate their inspiratory muscles
more completely than does MIP determina-
tion. Furthermore, inspiratory muscle activation
patterns differ between the two procedures.?”
Our preliminary results suggest that, in
SCI patients, SNIP is a more accurate measure
of inspiratory function than is MIP. Further
studies might clarify this issue through compa-
rison with a gold standard such as esophageal
pressure measurement. Measurement of MIP
at functional residual capacity should also be
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considered. Perhaps these maneuvers should
be used in combination with spirometry for a
complete sequential assessment of inspiratory
muscle strength in SCI patients.
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