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INTRODUCTION: It is known that mechanical ventilation and many of its features may affect the evolution of inspiratory
muscle strength during ventilation. However, this evolution has not been described, nor have its predictors been studied. In
addition, a probable parallel between inspiratory and limb muscle strength evolution has not been investigated.

OBJECTIVE: To describe the variation over time of maximal inspiratory pressure during mechanical ventilation and its predictors.
We also studied the possible relationship between the evolution of maximal inspiratory pressure and limb muscle strength.
METHODS: A prospective observational study was performed in consecutive patients submitted to mechanical ventilation for >
72 hours. The maximal inspiratory pressure trend was evaluated by the linear regression of the daily maximal inspiratory pressure
and a logistic regression analysis was used to look for independent maximal inspiratory pressure trend predictors. Limb muscle
strength was evaluated using the Medical Research Council score.

RESULTS: One hundred and sixteen patients were studied, forty-four of whom (37.9%) presented a decrease in maximal inspiratory
pressure over time. The members of the group in which maximal inspiratory pressure decreased underwent deeper sedation, spent
less time in pressure support ventilation and were extubated less frequently. The only independent predictor of the maximal
inspiratory pressure trend was the level of sedation (OR=1.55, 95% CI 1.003 — 2.408; p = 0.049). There was no relationship
between the maximal inspiratory pressure trend and limb muscle strength.

CONCLUSIONS: Around forty percent of the mechanically ventilated patients had a decreased maximal inspiratory pressure
during mechanical ventilation, which was independently associated with deeper levels of sedation. There was no relationship
between the evolution of maximal inspiratory pressure and the muscular strength of the limb.

KEYWORDS: Respiratory Muscle. Mechanical Ventilation. Risk Factor. Muscular Paresis. Side Effects.

shown that the use of a unidirectional valve reduces the
variation in measurement due to volitional causes, there-
fore creating a more reliable and reproducible measurement

INTRODUCTION

The measurement of maximal inspiratory pressure

(MIP), a useful index of respiratory muscle strength, is sim-  over time.” In the intensive care unit, MIP may be used as

ple to perform and well tolerated by patients." We have
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an index for weaning patients from mechanical ventilation,’
although it may not be as accurate as other indices.* It is
also used as a diagnostic tool, particularly when muscular
diseases are suspected to be the cause of respiratory fail-
ure.’ In this setting, MIP can be impaired due to respira-
tory muscle atrophy, dysfunction caused by mechanical
ventilation, critical illness myopathy or the use of steroids.®®
Moreover, patients with systemic inflammatory response
syndrome (SIRS), a common finding in the intensive care
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unit (ICU), tend to have a lower MIP than patients with-
out SIRS.’

It is known that mechanical ventilation and many of its
features can affect the evolution of inspiratory muscle
strength during ventilation.'” However, this evolution has
not been described, and its predictors have not been stud-
ied. Recently, it was shown that in critically ill mechani-
cally ventilated patients submitted to endurance training,
the MIP improved over time'! for reasons that are not fully
established, while the MIP deteriorated in patients with-
out such training. As such, the primary objective of the
present study was to verify how the MIP varies over time
in critically ill mechanically ventilated patients and to
verify possible predictors of these variations. As a second-
ary objective, we evaluated the relationship between the
MIP trend during mechanical ventilation and limb muscle
strength at the end of the mechanical ventilation period.
This objective was elected because the probable relation-
ship between the respiratory and limb muscular systems
involved in long term mechanically ventilated patients has
not yet been elucidated.?

METHODS

Since this was a prospective observational study, apart
from MIP measurements, there was no intervention in any
planned treatment. The study was performed in three sur-
gical-clinical ICUs, containing 23, 4, and 6 beds. The in-
clusion criterion was consecutive adults patients for whom
prolonged mechanical ventilation (>72 hours) was foreseen.
The exclusion criteria were flail chest, known coronary ar-
tery disease, alveolar hemorrhage, mean arterial pressure
under 70 mm Hg after volume resuscitation or previous pe-
ripheral neuromuscular disease.

MIP was measured daily, always in the morning, using
a unidirectional valve as previously described.? Briefly, one
side of an aneroid manometer (Record; Sdo Paulo-Brazil)
capable of registering pressures up to 150 cm H,O was at-
tached to the patient’s orotracheal or tracheostomy tube,
and the other side was attached to a unidirectional, low-
resistance valve that only allowed expiration. MIP was
measured by connecting patients to the manometer during
a 20 s period and recording the maximal value of three
maneuvers.

To assess the MIP trend of each patient, a linear regres-
sion of the daily measurements of the MIP was performed.
A negative coefficient value meant a trend toward a de-
crease in the MIP, and a positive coefficient indicated an
MIP increase.

The patients’ demographic data, as well as the main rea-
son for mechanical ventilation, were collected upon admis-
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sion into the study. The following seven variables that could
influence the MIP trend were recorded daily: 1. Sedation,
which was at the discretion of the attending physician, but
mostly consisted of intravenous midazolam and fentanyl.
The three ICUs use a daily interruption sedation protocol.
Sedation was checked 3 times a day using the Ramsay
scale’ and the mean value for each patient was used for
statistical purposes; 2. Use of a neuromuscular blocking
agent prescribed in the previous 24 h at the time of MIP
measurement, but more than 6 hours before the MIP meas-
urement; 3. The mode of the mechanical ventilation (con-
trolled/assisted mechanical ventilation or pressure support
ventilation) applied for the majority of the day; 4. Fasting,
when no enteral feeding or parenteral solutions other than
glucose solution had been given to the patient in the pre-
vious 24 h; 5. The presence of SIRS based on established
criteria;'* 6. The use of corticosteroids and 7. The mean
value of the capillary glucose measurements.

Immediately after extubation, given that awakening and
comprehension were confirmed, limb muscle strength was
evaluated using a simple bedside muscle strength score: the
Medical Research Council (MRC) score. Patients with an
MRC score less than 48 were considered to have ICU pare-
SiS.15’16

If reintubation was not required within 48 hours, extu-
bation success was declared.

This protocol was conducted in accordance with the
ethical standards of our institution’s committees on human
experimentation.

Statistical analysis

Because the distribution of most of the data was not
normal, comparison between patients with an increased or
decreased MIP was performed using the Chi square or
Fischer exact tests for categorical variables and Mann-
Whitney analysis for continuous variables. In order to iden-
tify the predictors of the MIP trend, we performed a
univariate regression analysis to identify variables yield-
ing p< 0.20, which were entered into a logistic regression.
In order to avoid logistic regression model overfitting, we
did not use stepwise procedures and we chose the predic-
tor variables based on a univariate regression analysis yield-
ing p< 0.20 or clinical relevance. Ten independent variables
(age, Apache II' at admission, ventilation cause, mean
Ramsay scale, mean capillary glucose, % of days with pres-
sure support ventilation, % days with neuromuscular block-
ing agents, % days with steroids, % days with systemic in-
flammatory response syndrome and % days of fasting) were
selected for the logistic regression model

Data are expressed as median, minimum and maximum.
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RESULTS

One hundred and sixteen consecutive patients entered
the protocol, and their characteristics are summarized in
table 1. Seventy patients were extubated during the study
(60.3%), 32 died (27.6%) and 14 had their life support
withdrawn (12.1%); eighteen of the extubated patients were
reintubated (25.7%) before 48 hours. Most patients pre-
sented an abnormally low MIP on the first and last days
of mechanical ventilation (Figure 1).

Forty-four patients disclosed a negative coefficient
(MIP-), while in the remaining 72, a positive coefficient
was observed, characterizing improvement of MIP overtime
(MIP+) (Table 1 and Figure 1).

Patients in the MIP- group received heavier sedation,
spent more time with pressure support ventilation and were
extubated less frequently. Also, there was a trend towards
higher levels of mean capillary glucose in the patients that
decreased their MIP during mechanical ventilation (Table
1).

The logistic regression analysis showed that the only
independent predictor for MIP decrease during mechani-
cal ventilation was the level of sedation (mean Ramsay
score) (OR=1.55, 95% CI 1.003 — 2.408; p = 0.049).

We did not find any relationship between the MIP trend
and limb muscle strength at extubation (Table 2).
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Figure 1 - Daily evolution of maximal inspiratory pressure.

MIP = Maximal inspiratory pressure. MIP+ = group of patients with increased
MIP during mechanical ventilation. MIP- = group of patients with decreased
MIP during mechanical ventilation. The numbers above the X axis are the
number of patients in the protocol.

DISCUSSION

In this observational study, most of the patients were
found to present low values of maximal inspiratory pres-
sure at the beginning and end of the mechanical ventila-

Tablel - Demographic characteristics and a comparison of patients with a maximal inspiratory pressure increase (MIP+)

and decrease (MIP-) over time.

All Patients MIP+ MIP- P
N (%) 116 72 (62.1) 44 (37.9)
Age (years) 66 (15-90) 67 (22-88) 58.5 (15-90) 0.44
Male (%) 66 (56.9) 41 (56.9) 25 (56.8) 1.0
Apache II at admission 19 (6-34) 21 (6-34) 14.5 (10-27) 0.08
Ventilation Cause(%) 0.21
Acute respiratory failure 69 (59.5) 39 (54.2) 30 (68.2)
Decreased consciousness 30 (25.9) 19 (26.4) 11 (25.0)
Hemodynamic Instability 13 (11.2) 10 (13.9) 3 (6.8)
Others 4 (34) 4(5.5) 0
Days in protocol 8 (3-26) 7.5 (3-26) 8 (3-8) 0.97
Extubated (%) 70 (60.3) 49 (68%) 21 (47.7%) 0.034
Weaning failure (%) 18 (25.7) 14 (28.6) 4(19) 0.55
Ramsay scale, mean 5 (0.4-6) 4.8 (0.4-6) 5.5 (3.1-6) 0.028
Mean capillary glucose 141 (99-260) 139 (99-210) 159 (99-260) 0.08
% days in PSV 40 (0-100) 45.5 (0-100) 27.5 (0-100) 0.044
% days with sedation 90.2 (0-100) 86 (0-100) 100 (0-100) 0.81
% days with NMB agents 0 (0-25) 0 (0-25) 0 (0-25) 0.72
% days with steroids 83.3 (0-100) 84.9 (0-100) 80.9 (0-100) 0.59
% days with SIRS 93.6 (14-100) 100 (14-100) 83.3 (14-100) 0.27
% days of fasting 16.6 (0-100) 14.6 (0-100) 20 (0-100) 0.18

MIP = Maximal inspiratory pressure. MIP+ = group of patients with increased MIP during mechanical ventilation. MIP- = group of patients with
decreased MIP during mechanical ventilation. Low MIP = values < 80 cm H,O for women and < 100 cm H,O for men. Weaning failure = reintubation in
less than 48 hours. PSV = Pressure support ventilation. NMB agents = Neuromuscular blocking agents. SIRS = Systemic Inflammatory Response
Syndrome. Values are expressed as median values with maximum and minimum values in parentheses.
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Table 2 - Relationship between MIP trend and limb muscle strength.

All Patients MIP+ MIP- p
N (%) 69 48 (69.6) 21 (30.4)
MRC score 46 (0-60) 45.5 (0-60) 48 (0-60) 0.72
% patients with ICU paresis 36 (52.2) 26 (54.2) 10 (47.6) 0.79

MIP = Maximal inspiratory pressure. MIP+ = group of patients with increased MIP during mechanical ventilation. MIP- = group of patients with
decreased MIP during mechanical ventilation. MRC score = Medical Research Council score. ICU paresis = patients with an MRC score less than 48.

tion period, and around 40% had a decreasing MIP during
mechanical ventilation. The univariate analysis determined
that patients with decreased MIP were less frequently ex-
tubated, had higher levels of sedation and were under pres-
sure support ventilation over less of the mechanical venti-
lation period. Also, MIP- patients tended to have higher lev-
els of capillary glucose, reflecting worse glucose control.
In the multivariate analysis, the level of sedation reflected
by the mean Ramsay scale value was an independent pre-
dictor of the MIP trend. We did not find any relation be-
tween MIP trend and limb strength (ICU paresis).

The low levels of MIP at entry in this study and the
low levels even on the day of extubation are in accordance
with our "' and other previous observations.'® This is prob-
ably due to the reduction in muscle contractility and nerve
conduction of critically ill patients,'® the recently described
detrimental effect of mechanical ventilation on the contrac-
tile properties of the diaphragm'® or an effect of the seda-
tives on MIP. However, it must be noted that on the day of
extubation, the mean MIP remained below the normal range
in the extubated patients. At this point, the sedative effect
was minimal and patients were more cooperative.

The use of more periods of pressure support ventilation
was found to be a determinant of MIP improvement over
time. Possible explanations for this may be found in the
evidence of diaphragm dysfunction in animals submitted
to fully controlled modes of mechanical ventilation,'® and
the capability of even short periods of assisted ventilation
modes such as pressure support to prevent the loss of the
diaphragmatic force-generating capacity observed with con-
trolled modes of ventilation.”® Additionally, in weaning tri-
als, the use of pressure support was associated with a higher
percentage of successful spontaneous breathing when com-
pared to T-tubes?' or intermittent mandatory ventilation.?

An independent predictor of the MIP trend was the level
of sedation. Our population was sedated most of the time
while under mechanical ventilation, which is in accordance
with recent data showing that the use of sedatives is very
common and is associated with a longer duration of me-
chanical ventilation in patients like ours.”® There are very
few randomized studies to define the best regimen of se-
dation in intensive care,?* and the best regimen for each
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mode of ventilation has yet to be defined. Of note, re-
cent experimental data showed that midazolam causes dia-
phragm dysfunction in a dose-related manner,”® which may
explain why more profound sedation is associated with a
decrease in respiratory muscle strength. Interestingly, in a
recent study of daily interruption of sedative infusion, the
total dose of midazolam was reduced by almost half, and
the patients spent 2 days less under mechanical ventila-
tion.”” Another study associated prolonged mechanical ven-
tilation with continuous IV sedation.?® Taken together, these
results suggest that inspiratory muscle strength impairment
may occur as a result of the sedation strategies utilized in
most ICUs.

We can hypothesize that MIP evolution during mechani-
cal ventilation either depends on the interventions per-
formed (sedation, use of fully controlled mechanical ven-
tilation modes, glucose control, etc.) or is independent of
them and is associated with the clinical condition at ad-
mission. In our study, we have an indication that the inter-
ventions during mechanical ventilation may be more im-
portant than the clinical condition at admission because in
the MIP+ group, there was a trend toward a higher
APACHE 1I score at admission (21 x 14.5: p = 0.08), but
the group had an increase in MIP during ventilation instead
of a decrease.

We hypothesized a direct relationship between the in-
spiratory muscle strength trend and the limb muscle
strength at the end of the mechanical ventilation period,
expecting more intense or frequent limb paresis in the
group of patients with decreased MIP during mechanical
ventilation. This is a feasible relationship because both are
skeletal muscles submitted to the same insults, and there
is an association between development of ICU paresis and
longer mechanical ventilation '°. In our study, however, we
did not find any relation between the MIP trend and quali-
tative (percentage of patients with limb paresis) or quanti-
tative (MRC score) alteration of limb muscle strength.

One limitation of the study was the use of MIP to meas-
ure inspiratory muscle strength. MIP is a volitional method,
so it can be affected by sedation, lack of motivation and
variations in the level of consciousness. In order to coun-
teract these factors, we measured the MIP with a unidirec-
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tional valve. This method captures the physiologic response
of increasing respiratory drive after a previous inefficient
inspiration, thereby demanding less patient collaboration;
this method has been shown to be reasonably reproducible
2. Another limitation is the fact that we placed patients with
all possible causes of respiratory failure into an acute res-
piratory failure group and did not analyze the sub-groups
inside it, such as chronic obstructive pulmonary disease or
pneumonia. This was done because the number of patients
in the sub-groups would have been insufficient to make sta-
tistical conclusions. However, it remains possible that the
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various causes of respiratory failure have an impact on the
MIP evolution.

In conclusion, around forty percent of mechanically
ventilated patients have a decrease in maximal inspiratory
pressure during mechanical ventilation. Deeper levels of
sedation are also associated with a decrease in maximal in-
spiratory pressure during mechanical ventilation. There
was, however, no relationship between the evolution of
maximal inspiratory pressure and the limb muscular
strength at the end of the ventilatory period.
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