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Abstract

Purpose: To evaluate respiratory muscle strength (PImax and PEmax) before and 24 and 48 h
after conventional and single-port laparoscopic cholecystectomy.

Methods: Forty women with symptomatic cholelithiasis (18 to 70 years) participated in
the study. The patients were divided into two groups: 21 patients undergoing conventional
laparoscopic cholecystectomy and 19 patients undergoing single-port laparoscopic
cholecystectomy. Differences were considered to be significant when p<0.05.

Results: The results showed a greater decline in PImax after 24 h in the group submitted
to conventional laparoscopic cholecystectomy, with a significant difference between groups
(p=0.0308).

Conclusion: Recovery of the parameters studied was more satisfactory and respiratory
muscle strength was less compromised in the group submitted to single-port laparoscopic
cholecystectomy.
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n Introduction

Cholelithiasis is defined as the presence
of gallstones in the gallbladder lumen or
extrahepatic biliary tree. The disease affects
10%to 20% of the adult populationin developed
countries and there is a female predilection,
with a female-to-male ratio of approximately
2:1%. In the United States, it is estimated that
20 million people have gallstones, accounting
for an annual cost of about USS 6.2 billion?.

Laparoscopic  cholecystectomy has
become the gold standard for the surgical
treatment of benign biliary disease. The
advantages of this procedure compared to
laparotomy include smaller incisions, reduced
surgical trauma, less postoperative pain, faster
recovery times, shorter hospital stay, and
faster return to normal activities and work, in
addition to reducing the risk of surgical wound
infections, incisional hernias and eviscerations?.

After a few decades and several
technical modifications, including a reduction
in the number of ports, the use of smaller
ports and natural orifice surgery, in 1997
Navarra et al.* described the use of a single
incision for laparoscopic cholecystectomy
as an alternative procedure to conventional
four-port laparoscopic cholecystectomy. The
patients benefit from the single-port approach
since the procedure is faster and less traumatic,
recovery is faster, and the risk of infection is
lower®®,

Abdominal  surgeries alter the
respiratory muscle strength of the patient,
reducing lung volumes and capacities and
consequently compromising gas exchange. The
causes of these changes are multiple and can be
related to abdominal manipulation, the effects
of general anesthesia, pain at the incision site,
and time of stay in the bed. Altered inspiratory
muscle strength leads to a reduction in inspired
lung volume. This reduction, associated
with the impairment of expiratory muscles,
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decreases expiratory flow and compromises
the cough mechanism, favoring the retention
of pulmonary secretions’2.

We found no studies in the literature
evaluating respiratory muscle strength (PImax
and PEmax) before and after conventional
and single-port laparoscopic cholecystectomy.
Since single-port laparoscopic cholecystectomy
is performed through a single point of entry,
i.e., the surgical trauma is less, the objective
of the present study was to evaluate whether
impairment of respiratory muscle strength is
lower in patients submitted to this procedure
when compared to patients undergoing
conventional four-port laparoscopic
cholecystectomy.

n Methods

The study was approved by the
Research Ethics Committee of UFTM (Protocol
n2 2503).

A prospective, cross-sectional study
was conducted at the Department of Digestive
Tract Surgery, University Hospital, Universidade
Federal do Triangulo Mineiro. Forty women
with symptomatic cholelithiasis, ranging in age
from 18 to 70 years, participated in the study.
The patients were divided into two groups:
21 patients were submitted to conventional
laparoscopic cholecystectomy and 19 patients
to single-port laparoscopic cholecystectomy.

The data of each patient (age and
anthropometric variables) were recorded on
an assessment form. Additionally, each patient
provided written informed consent after
receiving detailed information about the study.

Women with symptomatic cholelithiasis
older than 18 years, who were able to
understand the objective of the study and gave
informed consent, were included in the study.
The criteria for exclusion were pregnancy, BMI
>35 kg/m?, neurological or cognitive deficit
impairing participation in the respiratory
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muscle strength assessment, presence of
respiratory infections, symptomatic allergic

sinus disease and chronic obstructive
pulmonary disease, a previous diagnosis
of bronchial asthma, pleuropulmonary

anomalies, chest wall deformities, a suspicion
or confirmation of liver cirrhosis, coagulopathy
(platelet count <50,000/ul), dual antiplatelet
therapy (acetylsalicylic acid and clopidogrel),
acute pancreatitis, and jaundice.

Surgical procedure

Anesthesia was standardized as follows:
pre-anesthetic medication administered 3 h
before surgery consisting of oral diazepam
(10 mg), intravenous midazolam (5 mg) and
volume expansion with 1,000 ml saline;
induction of anesthesia: alfentanil (30 mg/
kg), etomidate (0.3 mg/kg) and atracure
(0.5 mg/kg); maintenance of anesthesia:
continuous infusion of alfentanil (1 mg/kg/
min) and isoflurane (0.5-1.5%); decurarization:
intravenous atropine (1 mg) and prostigmin (2

mg).
Conventional laparoscopic cholecystectomy

The patient was placed in horizontal
dorsal decubitus on the operating table and
received general anesthesia. Perioperative
monitoring  consisted of  cardioscopy,
noninvasive blood pressure monitoring, pulse
oximetry, and capnography.

Conventional laparoscopic
cholecystectomy consisted of the insertion of
4 trocars, one 10-mm trocar in the supraumbilical
region for placement of the optical system and
one 5-mm trocar in the right flank for cranial
traction of the gallbladder. The other two
working trocars were placed in the same line,
one 5-mm trocar in the right upper quadrant
for removal of the gallbladder and the other
10-mm trocar in the epigastrium, on the left
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side of the round ligament, for dissection and
hemostasis.

After the skin was cut in the
supraumbilical region, the aponeurosis was
dissected with Backhaus forceps and the
abdominal wall was lifted. This maneuver of
elevation of the abdominal wall facilitates
Veress needle insertion and creation of a
pneumoperitoneum. When the pressure
reached 14 mmHg as indicated on the control
panel of the insufflator, the trocar was carefully
inserted, with the abdominal wall always firmly
suspended. The other trocars were placed
under optically guided direct vision, preferably
of 30 degrees. The patient was then placed in
the reverse Trendelenburg position and left
lateral decubitus.

The operating field was exposed by
pulling the gallbladder up and outward in
the direction of the right hemidiaphragm.
The hilum was exposed by lateral retraction,
holding the infundibulum and retracting it
to the right and downwards. The technique
consisted of opening the peritoneum and
dissection following the outer contour of the
gallbladder from the infundibulum, the neck of
the gallbladder and the cystic duct, avoiding the
longitudinal axis of the hepatic hilum as well as
part of Calot’s triangle, thus conferring surgical
safety. The cystic duct was isolated, partially
sectioned and always catheterized, if possible,
for intraoperative cholangiography. After
careful analysis of the cholangiogram, the cystic
duct was ligated and completely sectioned.
Next, the cystic artery was identified, isolated,
and clipped with metal clips. The gallbladder
was then removed from the liver bed.

Single-port laparoscopic cholecystectomy

The patient was placed in dorsal
decubitus. After general anesthesia, discrete
reverse Trendelenburg and left lateralization
were performed, with the legs being placed
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in stirrups (French or European position). The
surgeon was standing between the patient’s
legs and its first assistant sitting on the left. The
monitors were positioned at the level of the
patient’s right shoulder.

A transumbilical horizontal incision
measuring about 1.5 cm was made for
Veress needle insertion by puncture. When
an umbilical hernia was present, the hernial
ring was dissected for placement of the
needle or trocar under direct vision. Next,
the pneumoperitoneum was induced and
maintained at 14 mmHg by insufflation of
carbon dioxide (CO,). A 10-mm trocar was
inserted for placement of the 30°optical system.
A second, 5- or 10-mm, trocar was inserted
under vision of the optical system above and to
the right of the first trocar, accessing the fascia
of the rectus abdominis muscles to position
the hook or scissors, among other instruments
used by the surgeon’s right hand. A third trocar
(5 or 3 mm) was inserted to the left and at the
same height as the second trocar for forceps
placements.

When necessary, a 2-mm trocar was
inserted in the right flank for placement of the
grasping forceps in order to help with exposure
of Calot’s triangle and dissection of the cystic
duct and artery. If available, a 5-mm 30° optical
system was used at the time of placement
of the clips in the cystic duct and artery,
permitting passage of the clipper through
the 10-mm trocar previously inserted in the
umbilical scar. If not available, a second 10-
mm trocar was inserted at the position of the
5-mm trocar. After cholangiography, the cystic
duct was clipped and cut, maintaining two
clips to close its proximal stump and one clip
at the distal stump (close to the gallbladder).
The cystic artery was clamped in the same way.
Next, antegrade dissection was performed and
the gallbladder was released from the liver
bed. The umbilical fascia was approximated,
followed by intradermal suturing.
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Evaluation of respiratory muscle strength

Respiratory muscle strength was
evaluated based on the measurement of
maximum respiratory pressures: maximum
inspiratory pressure (PImax) and maximum
expiratory pressure (PEmax). These parameters
permit a simple, rapid and reproducible
assessment of respiratory muscle strength.
The measurements were performed according
to Black and Hyatt®.

PImax and PEmax were measured
using a manovacuometer (Comercial Médica;
—300 to +300 cmHZO). For the measurement,
the patient was sitting comfortably and used
a nose clip and rigid plastic mouthpiece. The
procedure was previously explained and shown
to the patient; in addition, the importance of
avoiding the escape of air between the mouth
and mouthpiece during the maneuver was
emphasized. For the measurement of PImax,
the patient was asked to slowly and completely
expire air until the residual volume in such a
way that, with the orifice of the tube closed,
a maximum inspiratory effort would occur.
PEmax was obtained at the time when the
patient inspired until total lung capacity and
then performed a maximum expiratory effort
against the orifice of the closed tube.

The measurements of Plmax and
PEmax were sustained for 2 seconds and
performed in three intercalated steps, with a
resting interval of 2 min. An interval of 5 min
was allowed between the measurements of
Plmax and PEmax. Only the highest of the
three values obtained for PImax and PEmax
was considered. Verbal encouragement of the
researcher permitted better execution of the
technique.

For statistical analysis, the Student
t-test was used for comparison between the
two surgical techniques. Comparison of the
same surgery with the pre-surgery condition
and between 24 and 48 h post-surgery was
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done using ANOVA for repeated measures,
followed by the Bonferroni post-test.

"] Results

Table 1 shows the mean % standard
deviation of the age and anthropometric
variables of the groups undergoing conventional
and single-port laparoscopic cholecystectomy.
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Height differed significantly between groups
(p=0.022). However, this anthropometric
variable is not related to the formation of
gallstones.

When asked about the smoking habit in
theinitial protocol, three (14.3%) patientsin the
group undergoing conventional laparoscopic
surgery and six (31.6%) in the group undergoing
single-port surgery were smokers.

Table 1 — Mean + standard deviation of the age and anthropometric variables of the groups
undergoing conventional and single-port laparoscopic cholecystectomy.

Variable CLC SPLC p-value
Age (years) 38.38+11.72 34.21+10.51 NS
Weight (kg) 69.4 + 16.76 64.81 % 9.63 NS
Height (m) 1.57 +0.07 1.62 +0.04 0.022
BMI (kg/m?) 27.9+6.52 24.52 +3.67 NS

CLC: conventional laparoscopic cholecystectomy; SPLC: single-port laparoscopic cholecystectomy; BMI: body mass index; NS: not
significant. Comparison between genders by Fisher’s exact test. Comparison between numerical variables, expressed as the mean +

standard deviation, by the Student t-test.

Results of PImax and PEmax — Respiratory
muscle strength

All patients participating in the study

underwent respiratory muscle strength
assessment. Evaluation consisted of the
measurement of maximum  respiratory

pressures (PImax and PEmax) before and 24
and 48 h after the surgical procedures.
Comparison of Plmax in the group
of patients submitted to conventional
laparoscopic cholecystectomy before and 24
and 48 h after surgery showed mean values of
124.90 + 6.59, 88.85 + 5.73 and 103.66 * 5.49
cmH, 0, respectively (p<0.0001). In the group
undergoing single-port cholecystectomy, mean
Plmax was 122.31 + 6.51, 107.84 + 6.25 and
118.42 + 6.26 cmH,0 before and 24 and 48 h
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after surgery, respectively (p<0.0001).

Preoperative mean PImax was 124.90
t 6.59 cmHO in the group undergoing
conventional laparoscopic cholecystectomy
versus 122.31 + 6.51 cmH,O in the group
undergoing single-port surgery. Comparison
of postoperative mean PImax values obtained
after 24 h showed a significant difference
between the group undergoing conventional
laparoscopic cholecystectomy and the group
undergoing single-port surgery (88.85 +
5.73 and 107.84 * 6.25 cmH,0, respectively,
p=0.0308). There was no significant difference
in postoperative mean Plmax values obtained
after 48 h between the group undergoing
conventional versus single-port laparoscopic
cholecystectomy (103.66 + 5.49 and 118.42 +
6.26 cmH_0, p=0.0833) (Figure 1).
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Figure 1 - The bars represent the mean and
lines indicate the standard error of the mean. *
p<0.05 comparing the different types of surgery
at the same time point (Student t-test); # p<0.05
comparing the same surgery with the pre-surgery
condition (ANOVA for repeated measures followed
by the Bonferroni post-test); A p<0.05 comparing
the same surgery between 24 and 48h post-surgery
(ANOVA for repeated measures followed by the
Bonferroni post-test).

Comparison of mean PEmax in the
group of patients submitted to conventional
laparoscopic cholecystectomy before and
24 and 48 h after surgery showed values of
140.61 £ 6.44,118.14 £ 5.75 and 123.90 £ 5.92
cmH,0, respectively (p<0.0001). In the group
submitted to single-port surgery, mean PEmax
was 140.26 + 4.81, 126.42 + 4.68 and 131.78
t 4.77 cmH,0 before and 24 and 48h after
surgery, respectively (p<0.0001).

Preoperative mean PEmax was 140.61
t 6.44 cmHO in the group undergoing
conventional laparoscopic cholecystectomy
vs. 140.26 + 4.81 cmHO in the group
undergoing single-port surgery. Comparison
of postoperative PEmax obtained after 24h
between the group undergoing conventional
laparoscopic  cholecystectomy and the
group undergoing single-port laparoscopic
cholecystectomy showed mean values of
118.14 + 575 and 126.42 + 4.68 cmH.0,
respectively. Postoperative mean PEmax
values obtained after 48 h were 123.90 + 5.92
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cmH,0 in the group undergoing conventional
laparoscopic cholecystectomy vs. 131.78 +
4.77 cmH,0 in the group undergoing single-
port surgery (Figure 2).

Maximum Expiratory Pressure

A% A#

Conventional Laparoscopic
Cholecystectomy

Single-Port Laparoscopic
Cholecystectomy

50

PEmax (cmH,0)

cl ! —_ —_ |
T L} L} 1

Pre 24h 48h

Figure 2 - The bars represent the mean and
lines indicate the standard error of the mean.
p<0.05 comparing the different types of surgery
at the same time point (Student t-test); # p<0.05
comparing the same surgery with the pre-surgery
condition (ANOVA for repeated measures followed
by the Bonferroni post-test); A p<0.05 comparing
the same surgery between 24 and 48h post-surgery
(ANOVA for repeated measures followed by the
Bonferroni post-test).

] Discussion

It is now known that diaphragmatic
paralysis is the main determinant of alterations
inlung volumes and lung capacities. Areduction
in lung volume and capacity is observed within
the first 24 to 48 h after surgery, followed by a
gradual increase in these values which usually
return to normal by the second week. The
ventilatory pattern returns to preoperative
levels 7 to 10 days after surgery®®.

The main physiopathological
mechanism involved in the postoperative
reduction of respiratory muscle strength is
characterized by dysfunction of the diaphragm
andintercostal muscles as aresult of stimulation
of reflexogenic areas manipulated at surgical
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sites close to the diaphragm?'. The stimulation
of mesenteric nerves and afferent sympathetic
fibers, as well as mechanisms of small bowel
distension, inhibits efferent nerve impulses
from the phrenic nerve. This reflex mechanism
is the cause of diaphragmatic dysfunction
and consequent postoperative restrictive
ventilatory defects in cholecystectomies®>*3,

Miranda et al** investigated the
behavior and correlation between pain and
respiratory muscle strength before and after
open cholecystectomy. The mean percent
difference observed at each time point analyzed
showed that the most marked reduction in
PImax and PEmax occurred on the first day
after open cholecystectomy®. The authors
concluded that impairment of respiratory
muscle strength occurs mainly on the first
postoperative day after open cholecystectomy,
with improvement of this parameter as early
as on the second postoperative day*>®,

Rovina et al.'” evaluated Plmax and
PEmax after conventional laparoscopic and
open cholecystectomy. The results showed
a significant reduction in PaO, (p<0.007)
after 24 h in the group submitted to open
surgery'®%. PImax was significantly reduced 24
and 48 h after surgery (p<0.01 and p<0.005,
respectively) in both groups, but this reduction
was significantly lower in the group submitted
to laparoscopic cholecystectomy. A significant
reduction in PEmax was observed in the group
undergoing open cholecystectomy 48 h after
the surgical procedure (p<0.0001)%.

Diaphragmatic dysfunction is
responsible for many pulmonary complications,
including atelectasis and pneumonia. According
to the authors, diaphragmatic dysfunction
is due to several factors, such as the site of
surgical incision by affecting muscle integrity
and the duration of the surgical procedure
during which the patient remains in a supine
position. Furthermore, anesthesia can cause
neuromuscular blockade and a reduction in
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respiratory muscle contraction. Ford et al.?*
suggested diaphragmatic dysfunction to be due
to direct secondary injury to the abdominal
muscles, causing mechanical failure and pain at
the incision site which contribute to respiratory
alterations. Ayoub et al.?> also reported a
decrease in diaphragmatic excursion during
the course of upper abdominal surgeries due
to surgical incision, reducing the inspiratory
amplitude, especially in  conventional
cholecystectomy.

Gastaldi et al.® observed a reduction
in respiratory muscle strength on the
first postoperative day after laparoscopic
cholecystectomy similar to the findings of other
studies. However, PImax (p<0.05) and PEmax
(p<0.05) showed an early return to normal
levels by the third or fourth postoperative day.
Similarly, other studies reported a reduction in
respiratory muscle function between the first
and third postoperative day. This reduction
persisted for one week before returning
to normal, suggesting the occurrence of
diaphragmatic dysfunction?2>,

Postoperative respiratory complications
prolong the length of hospital stay of patients,
with a consequentincreasein hospital costs and
significantly contributing to patient mortality®.

Erice et al.¥’, comparing laparoscopic
and conventional cholecystectomy, showed
that surgical trauma to the abdominal wall
can increase the incidence of ventilatory
defects by reducing diaphragmatic excursion.
Diaphragmatic dysfunction, in turn, decreases
ventilation of the lower lobe of the lung on
the affected side and causes a reduction in
tidal volume, vital capacity and PImax. These
alterations can persist for 48 h after surgery.

Agrelli et al.?® observed a significant
increase in Plmax was observed after
inspiratory muscle training when compared
with baseline values (from -55.059 + 18.359
t0 -76.286 + 16.786). Preoperative ambulatory
inspiratory muscle training was effective in
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increasing respiratory muscle strength in
patients undergoing esophagectomy and
contributed to the prevention of postoperative
complications.

The present results showed a
significant reduction in Plmax 24 h after the
surgical procedures, with the observation of
an important increase in these values after
48 h. The values were more satisfactory after
24 h for the group undergoing single-port
laparoscopic cholecystectomy compared to the
group submitted to conventional laparoscopic
cholecystectomy.

With respect to PEmax, in the
present study more satisfactory values were
obtained 24 and 48 h after surgery for the
group undergoing single-port laparoscopic
cholecystectomy. No significant difference in
PEmax values was observed between groups
at the time points analyzed (pre, 24 and 48 h
after surgery).

Smoking is also an important factor
that contributes to the deterioration of
lung function, since Plmax and PEmax not
only depend on the strength of respiratory
muscles, but also on the lung volumes in
which the measurements are performed and
the corresponding elastic retraction pressure
of the respiratory system?. In the present
study, the number of smokers was larger in the
group submitted to single-port laparoscopic
cholecystectomy; however, the results of this
group were better, suggesting that a single
incision can preserve the integrity of the
respiratory muscles and prevent pulmonary
complications.

u Conclusions

The present results showed a significant
difference in PImax values obtained 24h after
surgery between the surgical techniques. More
satisfactory results and less compromised
respiratory muscle strength were observed in
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the group submitted to single-port laparoscopic
cholecystectomy.
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