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Lipoabdominoplasty: repercussions for
diaphragmatic mobility and lung function in
healthy women
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ABSTRACT

Objective: To evaluate the impact of lipoabdominoplasty on diaphragmatic mobility (DM)
and lung function in healthy women. Methods: This was a prospective cohort study
using high-resolution ultrasound and forced spirometry to assess DM and lung function,
respectively, prior to lipoabdominoplasty, as well as on postoperative day (POD) 10 and
POD 30. DM was measured under two conditions: during tidal volume breathing and
during a VC maneuver. Results: The sample consisted of 20 women, with a mean age
of 39.85 + 7.52 years and a mean body mass index of 26.21 + 2.0 kg/m?. Comparing
the preoperative and postoperative periods, we found that DM and lung function values
were significantly lower after lipoabdominoplasty, the mean DM on POD 10 being 17%
and 15% lower during tidal volume breathing and during the VC maneuver, respectively,
in comparison with the preoperative mean (p = 0.009 and p < 0.001, respectively). In
addition, FEV,, FVC, and PEF were significantly lower on POD 10 than in the preoperative
period (p = 0.046, p = 0.002, and p < 0.001, respectively), returning to preoperative
values by POD 30. Conclusions: Lipoabdominoplasty appears to have negative short-
term repercussions for DM and lung function in healthy women. However, lung function
and DM are both apparently restored to preoperative conditions by POD 30.

(ClinicalTrials.gov identifier: NCT02762526 [http://www.clinicaltrials.gov/])
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Te e o0 Toe

Study carried out in the Departamento
de Fisioterapia, Universidade Federal de
Pernambuco, Recife (PE) Brasil.

INTRODUCTION lung function.%3) In some of the cases reported, lung
function was reduced to half of that observed prior to
surgery. Although none of the authors of those reports
evaluated DM in the affected patients, other factors
have been implicated in a postoperative decrease in
lung volumes, such as the administration of anesthetic
drugs, visceral manipulation, the incision in the abdominal
wall, and patient fear of injury from the surgery.®%
Pain exerts an effect on the postoperative evolution of
patients submitted to abdominal surgery, with a negative
impact on lung function.®*®

Plastic surgery techniques for contouring the abdomen,
such as lipoabdominoplasty, are among the most often
requested procedures, ranking third among plastic surgery
techniques performed worldwide.***) Lipoabdominoplasty,
which combines classical abdominoplasty and liposuction,
results in a significant reduction in the fat pad and has
the added benefits of muscle plication and the removal
of skin tissue.® It has become common practice
among plastic surgeons and has a low incidence of
postoperative complications if the clinical condition of the
patient is evaluated prior to the procedure.>® However,
there have been reports of respiratory comorbidities,
including respiratory failure, atelectasis, pneumonia,
and bronchospasm, in the postoperative period after
lipoabdominoplasty.’-*¥) Such complications might be
attributable to increased intra-abdominal pressure

The primary objective of this study was to identify
respiratory complications in healthy women undergoing
lipoabdominoplasty. To that end, we evaluated DM and
lung function at several time points.

METHODS

(IAP), caused by plication of the aponeurosis of the
rectus abdominis muscle, which could lead to changes
in diaphragmatic mobility (DM),*? as well as impaired

Study design and participants

This was a prospective cohort study conducted in the
Physical Therapy Sector of the Laboratory of Physiology
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and Cardiopulmonary Physiotherapy and at the
Plastic Surgery Clinic of the Hospital das Clinicas da
Universidade Federal de Pernambuco (HC-UFPE, Federal
University of Pernambuco Hospital das Clinicas), as well
as at the Plastic Surgery Clinic of the Hospital Agamenon
Magalhdes, between July of 2015 and March of 2016.
The study was approved by the Human Research
Ethics Committee of the HC-UFPE Health Sciences
Center (CAAE protocol no. 15225913.0.0000.5208)
and was registered with ClinicalTrials.gov (identifier:
NCT02762526). We employed a non-probability sampling
process, in which we screened all individuals who met
the eligibility criteria.

Eligibility criteria

We included women between 25 and 55 years of
age who underwent lipoabdominoplasty with plication
of the rectus abdominis muscle. All had type IV or
V abdominal deformity, as described by Bozola.*®)
We selected women with no history of respiratory or
cardiac comorbidities. We also selected only women
with a body mass index < 30 kg/m? and a minimum
score of 18 on the Mini-Mental State Examination.

We excluded women who were current smokers or
had a smoking history greater than 10 pack-years.
Women with an FEV, < 80% of the predicted value
or an FEV,/FVC ratio < 70% of the predicted value
were also excluded.

Surgical procedure

For the surgical procedure, all patients were sedated
and received spinal or epidural anesthesia. First, the
surgical site was marked. A solution of epinephrine
(diluted 1:250,000 in saline) was then infiltrated into the
abdominal cavity to initiate liposuction. The aspiration
began through the supra-umbilical region, continuing
along the sides and through the infra-umbilical region.
After the liposuction, the navel was isolated and only
the infra-umbilical skin was resected, as in classic
abdominoplasty.®

Umbilicoplasty was performed by attaching the
deep dermis of the navel to the aponeurosis of the
rectus abdominis muscle, after which the deep dermis
of the neo-umbilicus was attached to the flap with
monocryl 3-0 sutures at the intercardinal points. The
skin flap was fixed in two planes, with mononylon 3-0
sutures in the subcutaneous tissue and monocryl 5-0
sutures in the dermis, initially with separate single
sutures and subsequently with continuous sutures.
At the intercardinal and cardinal points of the navel,
respectively, we used the modified Allgéwer-Donati
suture and single sutures, both with mononylon 4-0
sutures.*”

Outcome measures

All of the outcomes investigated were measured
at three time points: in the preoperative period, on
postoperative day (POD) 10, and on POD 30. Initially,
medical histories were taken and all of the patients
underwent a physical examination. Personal data
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were collected, and we recorded anthropometric
measurements—weight (in kg), height (in m), and
body mass index (in kg/m?)—as well as vital signs—HR,
SpO,, RR, and blood pressure. Patients were asked to
remain seated with their arms resting on their legs and
to remain quiet during the measurement of vital signs.

DM

We used a high-resolution ultrasound system (SonoAce
R3; Samsung Medison, Seoul, South Korea) with a
convex 3.5 MHz transducer. The protocol used was that
suggested by Testa et al.(*2!®) The patients received a
verbal command to breathe evenly for the measurement
of DM during tidal volume (V,) breathing and then
to perform VC maneuvers (Figure 1), during which
each curve relating to the displacement of the dome
of the diaphragm (in mm) was measured immediately
after acquisition of the images. The maneuvers were
repeated in order to obtain five satisfactory images.
We considered the average of the three highest values
that were within 10% of each other.

Lung function

We used a portable spirometer (Microloop MK8; Micro
Medical, Kent, England) in order to evaluate FVC, FEV,,
FEF between 25% and 75% of the FVC (FEF,; ), PEF,
and the FEV,/FVC ratio. The maneuvers were carried
out in accordance with the recommendations of the
American Thoracic Society*® and other guidelines for
pulmonary function testing.?®

Dyspnea

Patients were asked about their perception of dyspnea
at rest and during the procedures performed. We
applied the modified Borg Scale, in accordance with
the American Thoracic Society recommendations.*®

Pain

We used a visual analog scale?? consisting of a
one-dimensional instrument for graduation of pain
intensity level. Pain was assessed at rest during each
respiratory evaluation. To avoid measurement bias,
all procedures were performed by the same examiner
during all phases of the study.

Statistical analysis

The sample size was calculated, on the basis of the
results of a pilot study involving 10 patients, with the
G*Power3 software package.?® The calculation was
performed by determining the mean difference between
the preoperative and POD 10 values (A1), as well as
between the preoperative and POD 30 values (A2)
for the most clinically relevant variables: FEV,, FVC,
and DM. For FEV,, we observed a Al value of 13.4 £+
5 and a A2 value of 3.5 £ 3. For FVC, we observed a
Al value of 11.8 £ 2.62 and a A2 value of 4.7 £ 4.5.
For DM, we observed a Al value of 18 £ 7.16 and
a A2 value of 2.62 £ 3.13. Therefore, we required 5
patients for FEV,, 7 patients for FVC, and 7 patients
for DM, which would give all of those variables a power
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Figure 1. Assessment of diaphragmatic mobility by M-mode ultrasound, with the placement of markers for determining
diaphragm displacement during the VC maneuver. A, B, and C indicate the beginning, middle, and end of the inspiratory

cycle, respectively.

of 95% and an alpha of 0.05. However, we decided to
select 27 patients, considering the potential for losses
to follow-up in prospective cohort studies.

The data were analyzed with SigmaPlot software for
Windows, version 12.0 (Systat Software, San Jose,
CA, USA). To characterize the sample, we calculated
descriptive statistics, using means * standard
deviations, means (95% CIs), or medians (interquartile
ranges) for quantitative variables.

The Shapiro-Wilk test and Levene’s test for
homogeneity of variance were applied in order to
verify the normality and homogeneity of the data,
respectively. For comparisons among time points,
we used two-way repeated-measures ANOVA with
the Holm-Sidak post hoc test to compare means for
quantitative variables with normal, homogeneous
distribution. For quantitative variables with a non-normal
distribution, we used Friedman'’s repeated-measures
ANOVA on ranks, followed by Tukey’s post hoc test for
variables that presented a statistical difference. The
effect size was determined by calculating the Cohen’s
d, which involved obtaining the mean difference
between the time points and dividing the result by
the pooled standard deviation.?® Pearson’s correlation
coefficient was used in order to detect associations
between DM variables and lung function variables.
Statistical analyses were performed with the IBM
SPSS Statistics software package, version 20.0 (IBM
Corporation, Armonk, NY, USA). Values of p < 0.05
were considered statistically significant.

RESULTS

The initial sample comprised 27 women, all of whom
underwent lipoabdominoplasty. However, only 20
of those women completed the protocol (Figure 2).
Anthropometric variables, clinical characteristics, and
vital signs are summarized in Table 1. Two patients were

excluded from the analysis of DM, because of technical
problems related to the ultrasound examination. On
POD 10, DM was relatively low, during V, breathing
and at TLC—9.54 mm (8.42-10.99 mm) and 51.23 mm
(41.66-55.89 mm), respectively—those values returning
to normal by POD 30—12.37 mm (10.49-14.13 mm)
and 63.35 mm (55.19-68.34 mm), respectively—at
which point they were comparable to those obtained in
the preoperative period—11.56 mm (9.65-13.48 mm)
and 60.15 mm (51.95-67.84 mm), respectively. As
can be seen in Figure 3, the differences between the
preoperative and postoperative values were significant
for the images acquired during V. breathing (p =
0.009), as well as for those acquired during the VC
maneuver (p < 0.001).

Lung function parameters at the three time points
evaluated are shown in Table 2. There were significant
differences among the time points for FEV,, FVC,
and PEF, all of which were lower on POD 10 than in
the preoperative period and were restored to normal
values by POD 30. The FEV,/FVC ratio and FEF, .,
remained unchanged after lipoabdominoplasty, with no
statistical differences between any of the time points.
On POD 10, the DM measured during the VC maneuver
correlated positively, albeit moderately, with FEV, (r
= 0.502; p = 0.034) and PEF (r = 0.515; p = 0.029),
as depicted in Figure 4.

Of the 20 women evaluated, 7 reported pain on
POD 10. Three of those women classified their pain
as mild and 4 classified it as moderate. One of the
women reported moderate pain on POD 30. Two
women reported perceived dyspnea on POD 10, the
dyspnea being classified as not very intense in one
case and very intense in the other. On POD 30, none
of the patients reported dyspnea. No differences
were observed between the pain/dyspnea reported
at rest and that reported during the execution of the
maneuvers, in terms of the perception or intensity of
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| RECRUITMENT |

INCLUSION

| Evaluated for eligibility (n = 27) }

A

Women
Between the ages of 25 and 55

Written informed
consent obtained

Excluded (n =2)
« Smokers (n = 0)

Undergoing lipoabdominoplasty
with plication of mm rectus abdominals
No history of respiratory or cardiac comorbidities

« > 10 pack-year history of smoking (n = 0)
« Cognitive deficit (n = 0)
 FEV, < 80% of predicted (n = 0)

and/or prior cardiac.
BMI < 30 kg/m?

Spirometry
MMSE

« FEV,/FVC ratio < 70% of predicted (n = 0)

S

| ALLOCATION |

« Anamnesis
« Physical exam

Allocated to initial screening (n = 25)

| EVALUATIONS |

é

® ®

Preoperative evaluation:
« Diaphragmatic mobility
« Lung function

« Dyspnea

« Pain

« Dyspnea
« Pain

Evaluation on POD 10:
« Diaphragmatic mobility
« Lung function

Evaluation on POD 30:

« Diaphragmatic mobility
« Lung function

« Dyspnea

« Pain

Suspension of evaluation:
« Surgical complication (n = 2)
« Withdrawal (n = 3)

Suspension of evaluation:
(n=0)

{ ANALYSIS |

®

Excluded from analysis:
« Diaphragmatic mobility (n = 2)

Figure 2. Flowchart of the study design. BMI: body mass
postoperative day.

pain or in terms of the perception of dyspnea, at any
of the time points evaluated.

DISCUSSION

The main findings of our study are that
lipoabdominoplasty with plication of the rectus abdominis
muscle promoted a reduction in DM and worsening
of lung function in healthy women, as evaluated on
POD 10. However, both of those parameters showed a
tendency to return to preoperative values by POD 30.

In comparison with the preoperative means, the
mean DM on POD 10 was 17% lower when measured

J Bras Pneumol. 2019;45(3):e20170395

index; MMSE: Mini-Mental State Examination; and POD:

during V. breathing and 15% lower when measured
during the VC maneuver. By POD 30, the DM had
returned to values comparable to those obtained in
the preoperative period. However, there is a shortage
of studies evaluating DM in this specific population,
which precludes any comparisons with our findings.

We hypothesize that there were two main causes of
the behavior of DM in our sample. The first potential
cause was the influence of plication of the rectus
abdominis muscle near the xiphoid process, and the
second was the increase in IAP.

Regarding the influence of plication of the rectus
abdominis muscle, we suggest that approximation of
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the edges of the rectus abdominis muscles can generate
a higher tensile strength in the fibers of those muscles,
reducing the anteroposterior and transverse diameter
of the chest, which will in turn reduce DM, because of
the anatomical proximity between the upper insertions
of the rectus abdominis muscles and one of the origins
of the diaphragm muscle. The rectus abdominis muscle
attaches to the fifth, sixth, and seventh costal cartilages
and to the xiphoid process, whereas the costal portion
of the diaphragm also originates from the last six ribs.
In addition, the trunk flexion posture adopted by the
patient for just over 10 days after the procedure can
increase the magnitude of the changes. (42>

The primary action of the transversus abdominis and
abdominal oblique muscles is to pull the abdominal wall
inward, increasing the IAP. In doing so, they induce
cranial displacement of the diaphragm, leading to an
increase in pleural pressure and a consequent reduction
in lung volume. Although the rectus abdominis muscle
must do the same when the ventral abdominal wall
has an outward convexity, we would expect that when
the convexity is inward, an isolated muscle contraction
would pull the wall slightly outward.?® In an animal
study, De Troyer et al.(?”) analyzed the selective
activation of the rectus abdominis muscle by electrical
stimulation, finding that the ribcage and sternum were

Table 1. Anthropometric variables, clinical characteristics,
and vital signs.?

Variable (n = 20)
Age (years) 39.85 +7.52
Weight (kg) 67.48 + 6
Height (m) 1.60 + 0.07
BMI (kg/m?) 26.21 2
MMSE score 29.8 +0.41
RR (breaths/min) 17 + 3.42
HR (bpm) 69 + 9.54
SpO, (%) 98.3+1.34

BMI: body mass index; and MMSE: Mini-Mental State
Examination. 3Values expressed as mean + SD.
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displaced in caudal and anteroposterior directions,
whereas the transverse diameters of the lower ribcage
were decreased. Therefore, the plication of the rectus
abdominis muscle causes an increase in IAP and pleural
pressure, regardless of the shape of the abdominal wall.
Despite the limitations of comparison, these findings
corroborate the hypothesis put forth in our study:
that plication of the aponeurosis generates tension
and thus limits thoracic expansion. We hypothesize
that the reduction in DM can also be explained by the
postoperative increase in IAP, which persisted at least
until POD 10, caused by the plication of the rectus
abdominis muscle to correct diastasis recti, which
prevents the diaphragm from descending.®) After
plication, the abdominal region can properly assist
in the lung expansion and IAP values remain within
the normal range, which in healthy adults is up to 5
mmHg. Pressures above 15 mmHg can cause further
damage to the respiratory system.?82°) Although our
study does not present the IAP values of the women
who underwent lipoabdominoplasty, other authors have
described the behavior of IAP after similar surgical
procedures. Talisman et al.*® measured IAP oscillations
during abdominoplasty in 18 patients and studied the
relevance of such oscillations for patient evolution in
the immediate postoperative period. Three patients
who underwent plication to correct diastasis recti
presented an IAP above 24 cmH,0 in the immediate
postoperative period and above 20 cmH,0 on POD
1. The authors concluded that such patients are at a
higher risk of developing respiratory distress in the
immediate postoperative period.

Plication of the rectus abdominis muscle near
the xiphoid process and the consequent increase
in IAP would place the diaphragm at a mechanical
disadvantage, resulting in restrictive lung disease in
patients undergoing this type of surgery. In our patient
sample, we observed a postoperative decrease in
spirometric parameters, the lower values persisting
at least until POD 10.

90 —_
80
70
60
50
40
30
20
10

DM (mm)

Preoperative.  POD 10 POD 30

m VC

Figure 3. Diaphragmatic mobility (DM), measured during tidal volume breathing (V;) and during a VC maneuver (VC),
at the three time points evaluated. Values of p were calculated with two-way repeated-measures ANOVA followed by
the Holm-Sidak post hoc test. POD: postoperative day. *p = 0.009 vs. Preoperative. 'p < 0.001 vs. Preoperative.
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Table 2. Lung function at the three time points evaluated.?

Variable® Preop. POD 10
(n = 20) (n = 20)
Value Value Cohen’s d
(Preop. vs.
POD 10)
FEV,/FVC 101.75 98.65 0.4
(98.25-105.25)  (94.8-102.5)
FEV,T 89.5 83.0 0.55
(84.2-95.0) (69.0-91.0)
FVC 90.65 82.25 0.74
(86.49-94.81)  (76.04 -88.46)
FEF 5 /sy 99.65 86.05 0.55
(90.08-109.22) (73.12-98.98)
PEF 73.60 57.95 1.03

(67.66-79.54)  (49.84-66.06)

POD 30
(n = 20)
Cohen’s d
(Preop. vs. (POD 10 vs.
POD 30) POD 30)
102.07 0.05 0.51 0.209
(94.38-104.77)
87.5 0.23 0.35 0.046*
(81.2-94.2)
85.14 0.50 0.23 0.002¢
(78.6-91.68)
99.21 0.02 0.61 0.064
(90.08-108.35)
71.71 0.15 1.07 < 0.001%8

(65.24-78.19)

Preop.: preoperative period; POD: postoperative day; and FEF

: FEF between 25% and 75% of the FVC.

25-75%"

aValues expressed as mean (95% CI), except where otherwise indicated. PAll variables shown in percentages of
the predicted values. *Two-way repeated-measures ANOVA with the Holm-Sidak post hoc test for variables with a
normal, homogeneous distribution; Friedman'’s repeated-measures ANOVA on ranks with Tukey’s post hoc test for
variables with a non-normal distribution. "Median (interquartile range). *Significant difference between the Preop.
and POD 10 values. $Significant difference between the POD 10 and POD 30 values.
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Figure 4. Diaphragmatic mobility (DM) during a VC maneuver on postoperative day 10, in comparison with the FEV,
and PEF values (both in % of predicted) obtained at the same time point. Values of p were calculated with Pearson’s
correlation coefficient. *Significant correlation with DM during the VC maneuver (r = 0.502; p = 0.034). "Significant
correlation with DM during the VC maneuver (r = 0.515; p = 0.029).

The spirometric data obtained in our study show that
there was pronounced worsening of lung function on
POD 10, as evidenced by lower FEV, and FVC values,
and a near-total restoration of normal lung function
by POD 30. Similarly, PEF was reduced on POD 10
and returned to preoperative values on POD 30, the
difference between POD 10 and POD 30 being significant.
During the study period, there were no significant
changes in FEF,, ., or in the FEV,/FVC ratio. These
data suggest that lipoabdominoplasty promotes the
development of restrictive lung disease.

To our knowledge, there have been no previous
studies evaluating lung function in women undergoing
lipoabdominoplasty. However, other authors have studied
the behavior of lung function in the postoperative
period after abdominoplasty and have observed that
lung function worsens in the immediate postoperative

J Bras Pneumol. 2019;45(3):e20170395

period and returns to preoperative levels by POD
30.(10:133L32) Qur choice to evaluate patients at that
time point was based on those studies. Tercan et
al.(*® evaluated 14 healthy women who underwent
abdominoplasty, observing a significant decline in
FVC on POD 10 and subsequent improvement by POD
30, when FVC surpassed the preoperative values,
suggesting that correction of diastasis recti abdominis
promotes effective containment of the abdominal wall,
improving the spirometric parameters over a period
> 30 days. Similarly, Helene Junior et al.*®) found
that, among patients undergoing abdominoplasty, the
values of FEV,, FVC, FEF, .., and PEF were lower on
POD 4 than in the preoperative period, the FEV,/FVC
ratio remaining constant, although FEV, and FVC were
both below normal, suggesting a restrictive pattern.
The authors also found that FVC and PEF showed
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significant improvement from POD 4 to POD 15, as
well as from POD 15 to POD 30, although neither
returned to the preoperative value. In one long-term
study of 24 patients undergoing total abdominoplasty,
Perin et al.*¥) evaluated spirometric parameters during
the preoperative period and after a mean period of
28 months. The authors found no difference between
those two time points in terms of the lung function of
the patients. Rodrigues et al.*? studied the respiratory
function of patients who underwent plication of the
aponeurosis of the external abdominal oblique muscle
and correction of diastasis recti. Those authors
observed a ventilatory pattern similar to what occurs
in the postoperative period in patients undergoing
only correction of diastasis recti, concluding that the
use of an L-shaped plication, per se, does not increase
IAP; that is, the plication is not responsible for the
impairment of lung function after abdominoplasty.
The authors attributed the significant postoperative
increase in IAP to the use of a compression garment,
citing that as the most detrimental factor.

In the present study, we found that, on POD 10, DM
during the VC maneuver correlated with lung function.
We looked for correlations at that time point because
we believe that patients undergoing lipoabdominoplasty
show the most limitations in the first 10 days after the
procedure. In our patient sample, DM during the VC
maneuver showed a moderate positive correlation with
PEF and with FEV,, although DM during V, breathing did
not correlate with any of the spirometric parameters.
These data indicate that some of the limitations in
lung function in these patients can be explained by
the reduction in DM caused by plication, that reduction

being more pronounced at maximum effort, given that
the sample consisted of healthy women. It is likely
that there would be a strong correlation between lung
function and DM, including DM during V. breathing, in
a population with pre-existing comorbidities.

In our study, pain, as measured with a visual analog
scale, was reported by 35% and 5% of the patients
on POD 10 and POD 30, respectively. Although some
studies have shown that postoperative pain can be
related to reduced lung volumes,©®® we found no
correlation between pain and lung function. We also did
not consider pain a relevant factor for diaphragmatic
dysfunction, because the behavior of spirometric
parameters and DM in the patients with pain was
similar to that observed in those without. That might
be due to the fact that only 7 women reported pain,
probably because most of the patients received
analgesic medications, as is common practice in the
postoperative period. In addition, unlike what occurs
during upper abdominal surgery, there is no disruption
of muscle fibers during lipoabdominoplasty, which is
an important distinction, because muscle injury is the
main cause of postoperative pain.©%

On POD 10, the patients in our sample showed
reductions in DM and lung function. However, dyspnea
was not an important clinical factor in our study, being
reported by only 10% of the patients evaluated.

Our study has some limitations, such as the fact
that we did not evaluate respiratory muscle strength
or diaphragm thickness. There is therefore a need for
further studies involving such analyses, which could
better elucidate our findings.
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