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A major decline in pulmonary function is observed on the first day after upper
abdominal surgery. This decline can reduce vital and inspiratory capacity and can
culminate in restrictive lung diseases that cause atelectasis, reduced diaphragm
movement, and respiratory insufficiency. The objective of this study was to evaluate
the efficacy of preoperative ambulatory respiratory muscle training in patients
undergoing esophagectomy. The sample consisted of 20 adult patients (14 men [70%]
and 6 women [30%]) with a diagnosis of advanced chagasic megaesophagus. A
significant increase in maximum inspiratory pressure was observed after inspiratory
muscle training when compared with baseline values (from —55.059 * 18.359 to
—76.286 + 16.786). Preoperative ambulatory inspiratory muscle training was effective in
increasing respiratory muscle strength in patients undergoing esophagectomy and

contributed to the prevention of postoperative complications.
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M egaesophagus is an esophagopathy character-
ized by anatomic and functional alterations
in the esophagus, which can be of idiopathic or
chagasic etiology.! In Brazil, Chagas disease
affects about 6 million people, reducing the life
expectancy and limiting the working capacity of
affected individuals.” It is estimated that 5% to 8%

of patients with Chagas disease will develop
megaesophagus.’

Idiopathic or chagasic megaesophagus is character-
ized by the loss or marked reduction of neurons in the
myenteric plexus of the esophagus, causing uncoor-
dinated contractions of the esophageal body (aperi-
stalsis) and absent, uncoordinated, or incomplete
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opening of the lower esophageal sphincter (achalasia).
These events, in turn, lead to esophageal stasis and
progressive dilatation of the organ and reduce its
contraction capacity.*

Among the various therapeutic procedures rec-
ommended for the treatment of megaesophagus,
surgical intervention represents the best choice by
relieving symptoms and improving the patient’s
nutritional status.”® However, a major decline in
pulmonary function is observed on the first day after
upper abdominal surgery. This decline can reduce
vital and inspiratory capacity and can culminate in
restrictive lung diseases that cause atelectasis, re-
duced diaphragm movement, and respiratory insuf-
ficiency.”® According to Paisani et al,’ inspiratory
muscle weakness might be related to diaphragmatic
dysfunction secondary to reflex inhibition of phrenic
nerve activity caused by the anesthesia, with conse-
quent impairment of respiratory mechanics.

Preoperative prophylactic physiotherapy has
been shown to be an important and effective
approach to prevent or reduce postoperative com-
plications, in addition to optimizing treatment by
familiarizing the patient with the physiotherapeutic
procedures.'” The effects of preoperative respiratory
physiotherapy have been documented in the litera-
ture, but most of these studies involved hospitalized
patients.”!! The objective of the present investiga-
tion was to evaluate the efficacy of preoperative
ambulatory inspiratory muscle training (IMT) in
patients with chagasic megaesophagus.

Materials and Methods
Patients

A qualitative-quantitative prospective cohort study
was conducted at the Maria da Gléria Outpatient
Clinic of the Federal University of Triangulo Mine-
iro by the Department of Digestive Tract Surgery.
The study was approved by the Ethics Committee of
the Federal University of Tridngulo Mineiro (process
No. 660) and each patient signed a written informed
consent form (Resolution 196/96 of the National
Health Council).

A purposeful sample of 20 adult patients, includ-
ing 14 (70%) men and 6 (30%) women, was studied.
No patients were lost or excluded. All patients had
megaesophagus and were submitted to laparoscopic
transhiatal subtotal esophagectomy with esophago-
gastroplasty through a left cervicotomy. The proce-
dure was started by creation of a pneumoperitoneum
at 12 mmHg, where five punctures were performed
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for dissection of the abdominal and thoracic esoph-
agus. A single-layer esophagogastric anastomosis
was constructed with continuous sutures of polypro-
pylene monofilament.

The criteria for inclusion in the study were a
diagnosis of megaesophagus, aged more than
18 years, and an indication for laparoscopic trans-
hiatal subtotal esophagectomy for the treatment
of megaesophagus. Criteria for exclusion were the
inability to perform respiratory muscle training, the
presence of acute pulmonary disease, and refusal to
undergo the treatment proposed.

All patients with a diagnosis of megaesophagus and
a surgical indication were sent to the outpatient clinic
for preoperative follow-up. During the first outpatient
visit, the patients were submitted to physiotherapeutic
assessment, which consisted of anamnesis and evalu-
ation of respiratory muscle strength.

Respiratory muscle strength testing

Maximal inspiratory pressure (MIP) and maximal
expiratory pressure (MEP) were measured, which
permit the simple, rapid, and reproducible evaluation
of respiratory muscle strength. MIP and MEP were
measured with a vacuum manometer (Comercial
Médica, Sao Paulo, Brazil; —120 and +120 cm HZO).12
For the measurement, the patient was sitting comfort-
ably and used a nasal clip and rigid plastic mouthpiece.
The mouthpiece had a small, approximately 2 mm,
orifice to neutralize the pressure of the oral cavity
during contraction of the facial muscles. The patient
received instructions regarding the maneuver and the
importance to prevent the escape of air.'® For the
measurement of MIP, the patient was asked to sustain
a maximal inspiratory effort for at least 1 second from a
maximum expiration (residual volume). MEP was
obtained at the time when the patient performed a
maximal expiratory effort, sustained for at least
1 second, after deep inspiration to total lung capacity.'

Three consecutive measurements of MIP and MEP
were obtained at intervals of 1 minute and the highest
value was recorded. The difference between values
should not exceed 10% for each repetition and the last
value should not be the highest.> These parameters
were collected weekly during the preoperative return
visits to the outpatient clinic of the Department of
Digestive Tract Surgery.

Peak expiratory flow

Peak expiratory flow (PEF) was measured with an
Assess Peak Flow Meter and the highest value
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Table 1 Gender, age, and anthropometric characteristics of the patients
undergoing inspiratory muscle training

Variable

Gender 14 M/6 F
Age (years) 56.65 + 9.63
Weight (kg) 67.00 = 7.17
Height (m) 1.71 = 5.28
Body mass index 22.84 + 1.38

M, male; F, female.

Numerical variables are expressed as the mean + SD by the
Student’s t-test.

obtained was considered for analysis. PEF is an
indirect measure of airway resistance and is an
effort-dependent parameter.

Inspiratory muscle training

After baseline assessment, the patients underwent
IMT for 4 weeks using a pressure Threshold device
(Respironics). A load corresponding to 50% MIP
was used for IMT and MIP was reevaluated
weekly for load adjustment.'” Patients underwent
IMT once a week (3 series of 10 repetitions) at the
outpatient clinic under the supervision of the
physiotherapist. In addition, they were instructed
and encouraged to exercise at home on the other
days of the week (3 series of 10 repetitions). For this
purpose, patients received a Threshold device for
use throughout the preoperative period and were
asked to record the times when IMT was performed
at home.

Statistical analysis

The normality and homogeneity of the numerical
variables were evaluated by the Kolmogorov-Smirnov
and Bartlett tests, respectively. The data were nor-
mally distributed and are expressed as mean * SD.
MIP, MEP, and PEF were compared by the paired t-
test. Differences were considered to be statistically
significant when P < 0.05.

MUSCLE TRAINING IN PATIENTS UNDERGOING ESOPHAGECTOMY

Results

Twenty patients with a diagnosis of advanced
chagasic megaesophagus were studied. The mean
age of the patients was 51.29 years (range, 31-
74 years). Table 1 shows the characteristics of the
patients undergoing IMT.

MIP increased gradually during the 4 weeks of
IMT treatment, with a significant difference in the
first week (P = 0.0017), second week (P < 0.0001),
third week (P = 0.0001), and fourth week (P <
0.0001) when compared to baseline.

The results showed an increase in MEP after
4 weeks of IMT, although no expiratory muscle
strength training was performed. This increase was
significant in the first week (P = 0.0347), second
week (P = 0.0233), and fourth week (P = 0.0004)
when compared with baseline.

PEF also increased after IMT treatment, with the
observation of a significant difference between base-
line and the second week (P = 0.0172), third week (P
= 0.0484), and fourth week (P = 0.0064). Table 2
shows the mean and SD of MIP, MEP, and PEF at
baseline and during the 4 weeks of IMT treatment.

Discussion

Megaesophagus is one of the clinical manifestations
of Chagas disease. Although benign, the course of
this condition is chronic and progressive, with
relevant repercussions on the nutritional and psy-
chologic status of affected patients. Megaesophagus
is more common among men,'® in agreement with
the present study in which 70.58% of the patients
were men.

Preoperative IMT programs are used to increase
respiratory muscle strength and endurance and
several studies have demonstrated their bene-
fits.”'”® Riganas et al'® reported a 28% increase of
inspiratory muscle strength after 6 weeks of IMT,
and Stein et al*® demonstrated a 37% increase of MIP
after 4 weeks of ambulatory IMT. Other studies

Table 2 Maximal inspiratory pressure, maximal expiratory pressure, and peak expiratory flow at baseline and during the 4 weeks of inspiratory

muscle training

Baseline 1st week 2nd week 3rd week 4th week
MIP —55.059 + 18.359 —65.235 + 16.984* —70.824 + 15.557* —73.867 *+ 17.687* —76.286 + 16.786*
MEP 61.176 = 21.013 68.235 = 19.518* 70.682 * 27.326* 66.533 * 20.901 76.286 *= 18.857*
PEF 307.647 + 81.646 333.750 = 76.065 356.824 + 71.787* 345.333 = 60.694* 357.143 *= 56.796*

MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; PEF, peak expiratory flow. Results are reported as the

mean * SD.
*P < 0.05 compared to baseline (paired t-test).
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found a significant increase of inspiratory muscle
strength between the second and fourth week of
preoperative IMT.*"** High-risk surgical patients
who underwent preoperative IMT presented a
reduction of 50% in postoperative pulmonary
complications when compared with those did not
submitted to this training.”® Hulzebos et al,** Weiner
et al,® and Nomori et al'> reported significant
increases in inspiratory muscle strength and endur-
ance after short-term preoperative IMT. Other
studies demonstrated improvement of blood oxy-
genation, dyspnea, and MIP in patients undergoing
IMT for a period of 6 to 8 weeks.”**

Ysayama et al®® showed that IMT for 4 weeks
before esophagectomy resulted in a significant
increase of respiratory muscle strength and endur-
ance. In the present study, a significant increase in
inspiratory muscle strength was demonstrated by
the increase in MIP values. These results suggest
that the gain in inspiratory muscle strength led to
an increase of ventilatory capacity and pulmonary
volume, with the consequent improvement of
respiratory function and performance.

Although the patients only underwent inspirato-
ry muscle strength training, MEP values were also
increased, a finding confirming the hypothesis that
IMT increases the amplitude of thoracoabdominal
movements. Other studies also demonstrated an
increase in expiratory muscle strength and conse-
quent clinical improvement after IMT.**°

Satisfactory results were also obtained for PEF
values, with the observation of a significant increase
after 2 weeks of IMT. In this respect, studies in the
literature have shown that IMT effectively promotes
biomechanical reorganization and improves muscle
function, which, in turn, leads to significant im-
provement of PEF and variables of severity.>"**

The present study had the following limitations:
lack of a control group for comparison of the results
obtained, and IMT was not supervised daily by a
physiotherapist and may therefore have not been
performed correctly. However, we believe that daily
training under the supervision of a professional
might have yielded even more satisfactory results.

The present results demonstrate that preoperative
ambulatory IMT has beneficial effects, as it was
found to improve respiratory muscle strength in
patients undergoing esophagectomy. Further studies
are needed to better understand the gain in preop-
erative inspiratory muscle strength and of how much
this gain is sustained during the postoperative
period, permitting to identify factors that further
improve the response of these patients to training.
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