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Abstract: Background: Coronary artery bypass grafting (CABG) is one of the most studied surgical procedures world-
wide and is associated with deleterious effects on respiratory function in the postoperative period, corroborating the
incidence of factors that can cause a decrease in lung compliance, generating possible respiratory complications.
Objective: To identify factors associated with low pulmonary compliance in patients submitted to coronary artery
bypass grafting. Methods: This is a cross-sectional study. After admission to the Intensive Care Unit (ICU), the static
compliance calculation was performed and the patients were divided into two groups: Low Compliance Group (LCG)
and Normal Compliance Group (NCG), to verify which factors were associated with low compliance. Results: The final
sample consisted of 62 patients, with male prevalence, with a mean age of 60 + 9.5 years. Clinical variables body
mass index (BMI) (P=0.04), smoking (P=0.05), chronic obstructive pulmonary disease (P < 0.001) and ejection frac-
tion (P=0.03) were associated with reduced static pulmonary compliance. Conclusion: It is concluded that factors
such as age, COPD, smoking, BMI and ejection fraction may be associated with worsening pulmonary compliance

after CABG.
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Introduction

Coronay artery bypass grafting (CABG) is one of
the most studied medical procedures in the
world, being associated with harmful effects on
postoperative respiratory function and contrib-
uting to the incidence of possible and serious
complications [1]. With the main objective of
improving blood supply at a specific myocardial
site, revascularization has been proposed to
decrease adverse symptoms, improve cardiac
function, increase survival and reduce the
occurrence of unfavorable, larger and more
prevalent situations in certain subgroups of
selected patients [2].

In the postoperative period, patients undergo-
ing cardiac surgery start to develop limited lung
volumes, impaired ventilatory mechanics, pul-
monary compliance deficit and increased respi-

ratory work [3]. Postoperative pulmonary com-
plications remain, to this day, one of the main
causes of the opposite outcome after cardiac
surgery and contribute significantly to morbi-
dity and mortality, since the goal of surgery is
to prolong the patient’s life, relieve symptoms
and improve your functional status [4].

Importantly, pulmonary physiological change
during cardiopulmonary bypass (CPB) can im-
pair blood-brain barrier homeostasis due to
alteration of the different forces affecting the
parenchyma, eliminating passive diffusion gas
exchange at the blood-brain barrier level, lead-
ing to problems. Ventilation-perfusion and im-
pacting pulmonary compliance [5].

Among the pulmonary responses to the various
lung-damaging factors are static and dynamic
compliance changes, which are mostly reduced


http://www.AJCD.us

Pulmonary complacence and cabg

postoperatively, thus making the lungs more
resilient and more difficult to ventilate, causing
thus, an increase in respiratory work and a
change in ventilation pattern [6].

Respiratory system compliance is established
by the slope of the pressure-volume curve or
the volume variation per unit of pressure ch-
ange and can be measured with the patient
on mechanical ventilation and under sedative
effect. For its measurement, the calculation
determined by dividing the tidal volume by the
peak pressure minus the positive end-expirato-
ry pressure (PEEP) is used [7].

Regarding changes in pulmonary compliance,
they are directly linked to certain factors: CPB
time, surgical manipulation intensity, pleural
drainage numbers, surgery time and inade-
quate perioperative ventilation. Due to these
factors, patients have a limited breathing pat-
tern, mainly due to the incidence of pain, chest
wall edema and surfactant alteration, leading
to a decrease in lung capacities and volumes, a
lower compliance and, therefore, an increase in
the resistance of the lungs’ airways. However,
certain dysfunctions may also be associated
with factors present in the patient’s preopera-
tive condition, such as age, obesity and smok-
ing [8].

Postoperatively, there are situations related to
reduced stability and static and dynamic com-
pliance of the rib cage in the median sternoto-
my, exacerbated time of the supine patient
and the presence of pain and drainage, which
directly influence the maintenance of low pul-
monary volumes [9].

Based on this information, it is possible to
observe and confirm the relevance of pulmo-
nary compliance measurement in the postop-
erative period of cardiac surgery, by investigat-
ing the factors that imply its decline, thus
seeking effective strategies for the measure-
ment of pulmonary compliance prevention of
possible pulmonary and respiratory complica-
tions. To date, no studies have been carried
out to assess the factors that contribute to
the decline in complacency. This information is
extremely important to outline individualized
approaches for this patient profile.

The aim of this study was to observe the factors
associated with low pulmonary compliance in
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patients undergoing coronary artery bypass
grafting.

Methods
Study design

This is a cross-sectional study with a final sam-
ple of 62 patients of both sexes, conducted at
the Intensive Care Unit (ICU) of the Noble
Institute of Cardiology, Reference Center of
Specialty in the City of Feira de Santana, Sta-
te of Bahia. This study was duly approved and
was filed by the Research Ethics Committee of
that faculty and under Opinion No. 1,405,817,
in which all participating patients signed an
Informed Consent Form.

Eligibility criteria

The research consisted of adult patients, both
sexes and over 18 years old, who underwent
CABG via sternotomy and cardiopulmonary
bypass. Exclusion criteria were emergency sur-
gery, death during the surgical procedure, re-
turn to the operating room before 30 minutes
of ICU admission, previous cardiac surgery and
patient interaction with the ventilator and situa-
tions that prevented the calculation of ventila-
tory mechanics.

Study protocol

After surgery, the patients were referred to the
ICU for anesthetic narcosis and connected to
the Servo-S mechanical ventilator (Maquet Cri-
tical Care AB, Rontgenvagen, Sweden) in assist-
ed/volume-controlled mode with a tidal volume
of 8 ml/kg, respiratory rate of 15 incursions per
minute, inspiratory flow corresponding to 10%
of the programmed tidal volume, PEEP of 08
cmH,0 and 100% inspired oxygen fraction.

Ten minutes after admission, static compliance
was calculated in the volume mode itself, offer-
ing a two-second pause at the end of inspira-
tion and promoting a square flow wave. Static
compliance calculation was performed by divid-
ing the tidal volume by the plateau pressure
subtracted from the PEEP value [5].

At this time, the patients were divided into two
groups: Low Compliance Group (LCG) and Nor-
mal Compliance Group (NCG), using the com-
pliance value according to the Brazilian Me-
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Table 1. Representation of the clinical data analy-

sis between the groups

Low Normal
Variable Compliance  Compliance P
Group (n=32) Group (n=30)
Gender 0,18°
Male 19 (59%) 18 (60%)
Female 13 (41%) 12 (40%)
Age (years) 61+7 59+ 12 0,23°
BMI (kg/m?) 27+ 4 23+4 0,04°
Comorbidades
SAH 24 (75%) 25 (83%) 0,75°
DM 19 (59%) 17 (57%) 0,55°
DLP 17 (53%) 15 (50%) 0,607°
Smoking 5 (16%) 1 (3%) 0,05°
COPD 4 (13%) 0 <0,0012
AMI 15 (47%) 17 (57%) 0,672
EF 0,037
< 40% 25 (78%) 14 (47%)
> 40% 7 (22%) 16 (53%)

aChi-square test; !Independent Student’s t test. BMI-Body

Mass Index; SAH-Systemic arterial hypertension; DM-Diabetes

Mellitus; DLP-Dyslipidemia; COPD-Chronic Obstructive Pul-

monary Disease; AMI-Acute myocardial infarction; EF-ejection

fraction.

chanical Ventilation Directive, where the cutoff
point was 50 ml/cmH,0 (below this value, the
patients were part of the GBC and above it were
in the NCG group).

The groups were compared by their clinical vari-
ables (age, body mass index, diabetes mellitus,
systemic arterial hypertension, dyslipidemia,
smoking, presence of chronic obstructive pul-
monary disease, acute myocardial infarction,
and left ventricular ejection fraction), grafts,
drains, surgery time, cardiopulmonary bypass
time and aortic forceps time. These variables
were selected because they are the most com-
monly found in the literature associated with
pulmonary complications.

Statistical analysis

For the correct evaluation of the data, the
Statistical Package for Social Sciences Pro-
gram (SPSS) 20.0 was used. The normality of
the sample was verified by the Shapiro-Wilk
test, and the categorical variables were ana-
lyzed by Chi-square and the data expressed as
mean and standard deviation. For comparison
between compliance groups, we used the inde-
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pendent Student’s t test (normal sample) or
Mann-Whitney (non-normal sample), which was
statistically significant when P < 0.05.

Results
General clinical characteristics of the sample

Throughout the study period, 62 patients were
included, with male prevalence (37 patients,
representing 59.7% of the evaluated universe),
with a mean age of 60 + 10 years. The average
body mass index was 25 + 4 kg/m?2.

Among the clinical variables analyzed, the fol-
lowing were significant: BMI (P=0.04), smoking
(P=0.05), COPD (P < 0.001) and ejection fr-
action (P=0.03) associated with compliance.
Respiratory system (Table 1).

General surgical characteristics of the sample

In Table 2, we have the representation of the
data related to the surgical characteristics of
the patients. The number of grafts was 2.5 *
0.7, CPB time was 73.5 + 17 min. All patients
used at least one drain. Of the variables ana-
lyzed, only the CPB time was statistically sig-
nificant (P=0.04). Figure 1 shows the main
causes that affected lung compliance after
cardiac surgery.

Discussion

In the present study, it was found that factors
such as BMI, smoking, COPD, EF and CPB were
permanently associated with low static compli-
ance in the postoperative period of CABG.

It was also observed that smoking, in particu-
lar, was associated with worsening compliance,
given that components with alterations in el-
astic and resistive load generate a decline in
respiratory function, modifying the parenchy-
ma and rib cage component. In a very relevant
way, reducing pulmonary compliance, which
causes a decrease in gas exchange, is influ-
enced by comorbidities, such as pre-existing
lung diseases, smoking and respiratory symp-
toms of changes in smoking patients.

A similar result was who pointed out the rela-
tionship of smoking as a high risk factor for the
decrease of static and dynamic compliance,
due to the possible picture of atelectasis or
lung parenchyma injury [10]. Smoking is a pre-
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Table 2. Comparison of surgical data of patients undergoing CABG

between groups

drains, the degree of preoper-
ative pulmonary function and

Low Compliance Normal Compliance

CPB time [13]. We found that

Variable Group (n=32) Group (n=30) P CPB time was associated with
Grafts Number 25405 24+08 0,67° reduced lung compliance, be-
CPB time (min) 87 + 20 60 + 14 0,04° cause it presented longer CPB
Drain 5 1+07 0408 time in QBC and a!so Ionger

’ ’ surgery time, thus increasing
Surgery time (min) 281 + 44 232+ 40 0,09 the length of stay as well as
Clamping Time (min) 55+ 19 59 + 22 0,34° the length of time, the patient

aIndependent Student’s t test; "Mann-Whitney test. CPB-Cardiopulmonary bypass.
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Figure 1. Factors associated with pulmonary complacence. “P < 0,01. BMI-
Body Mass Index; COPD-Chronic Obstructive Pulmonary Disease; CPB-Car-
diopulmonary bypass; LCG-Low Complacence Group; NCG-Normal Compla-

cence Group.

dictor for the emergence of postoperative com-
plications, being associated with the degrada-
tion of lung function [11].

Obesity favors the reduction of pulmonary com-
pliance, due to the properties of the rib cage,
leading to the restriction of lung capacities and
volumes, producing changes in gas exchange
and increasing the possibility of progression to
pulmonary complications [12].

The results of this study showed significant
reduction in relation to the loss of lung function
associated with BMI of the individual with (P=
0.04), and can observe the risks posed by obe-
sity after CABG, a negative impact on quality of
life. This is patient profile.

The occurrence of postoperative pulmonary
complications may be associated with several
factors, including the region of the surgical inci-
sion, the type and duration of anesthesia and
mechanical ventilation, the presence of pleural
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was being monitored by MV.

The duration of CPB as one of
* the main factors associated
with the worsening of static
compliance [14]. Hypoxemia is
one of the main causes of pul-
monary complications arising
from lung injury in MV patients
[15]. Several mechanisms we-
re obtained due to its develop-
ment in the postoperative pe-
riod of cardiac surgery: atele-
ctasis, increased respiratory

CPB time and thoracic shunt, mechani-

cal changes, pulmonary paren-
chyma, capillary and second-
ary changes to the left ventri-
cle.

The presence of COPD is a ri-

sk factor for postoperative pul-
monary changes, usually identified with a risk
greater than 18%, and may vary with the sever-
ity of the disease [16]. They reported that,
although rehabilitated and controlled before
the surgical procedure, COPD patients have
the same incidence of postoperative pulmo-
nary complications as healthy patients. The
limitations of this study are directly related to
the insufficient data collection of the patient
record, which has incomplete information: lack
of follow-up from the postoperative period until
discharge, and it is not possible to evaluate
compliance for a longer time and length of stay
in the ICU in order to check for other changes,
in addition to compliance and decreased pul-
monary function.

Conclusion

According to the measurement of respiratory
compliance in the postoperative period of car-
diac surgery, it was possible to analyze factors
such as body mass index, smoking, chronic
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obstructive pulmonary disease and ejection
fraction, which may be associated with wor-
sening pulmonary compliance, contributing to
decreased pulmonary function in the postop-
erative period of CABG. Thus, it is possible to
propose prevention strategies for respiratory
complications acquired in the postoperative
period of cardiac surgery.

Disclosure of conflict of interest

None.

Abbreviations

CABG, Coronary Artery Bypass Grafting; CPB,
Cardiopulmonary bypass; PEEP, Positive End
Expiratory Pressure; ICU, Intensive Care Unit;
COPD, Chronic Obstructive Pulmonary Disease;
BMI, Body Mass Index; EF, Ejection Fraction.

Address correspondence to: André Luiz Lisboa
Cordeiro, Red Bird Street, Salvador Dali Condo-
minium, House 47, Lagoa Salgada, Faculdade No-
bre, Feira de Santana, Bahia, Brazil. Tel: +55-75-
998226086; E-mail: andreslisboacordeiro@gmail.
com

References

[1]  Cani KC, Bonorino KC, Gulart AA, Palu M, Kar-
loh M and Mayer AF. Complicacdes pulmo-
nares apos cirurgia de revascularizagdo do
miocardio: fatores associados. ASSOBRAFIR
Ciéncia 2017; 8: 41-50.

[2] Caracas DRS, Pires KG, Cruz CS and Rocha RC.
Complicacoes pulmonares poés-revasculariza-
¢ao do miocardio. Revista Eletrdnica De Fainor
2017; 10: 84-94.

[31 Nery RM, Martini MR, Vidor CR, Mahmud IM,
Zanini M, Loureiro A and Barbisan JN. Alter-
acdes na capacidade funcional de pacientes
apos dois anos da cirurgia de revascularizacao
do miocardio. Rev Bras Cir Cardiovasc 2010;
25:224-228.

[4] Westerdahl E, Jonsson M and Emtner M. Pul-
monary function and health-related quality of
life 1-year follow up after cardiac surgery. J Car-
diothorac Surg 2016; 11: 99-106.

[5] Emad AJ, Mustafa Z, Francesca F and Gianni
DA. Pulmonary protection strategies in cardiac
surgery: are we making any progress? Oxid
Med Cell Longev 2015; 20: 1-8.

[6] Zangerolamo TB, Barrientos TG, Baltieri L,
Moreno MA and Forti EMP. Effects of flow-ori-
ented incentive spirometry after myocardial
revascularization. Rev Bras Cardiol 2013; 26:
180-185.

543

(7]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

Porto EF, Castro AM, Leite JR, Miranda SV, Lan-
cauth A and Kumpel C. Anélise comparativa da
complacéncia do sistema respiratorio em trés
diferentes posicoes no leito (lateral, sentada e
dorsal) em pacientes submetidos a ventilacao
mecanica invasiva prolongada. Rev Bras Ter
Intensiva 2008; 20: 213-219.

Santana VTS, Baldin AC, Squassoni SD, Mach-
ado NC, Natali V, Fiss E and Selestrin CC. Es-
tudo comparativo da funcao pulmonar em pa-
cientes submetidos a revascularizacao do
miocardio com circulacao extracorporea em
uso de drenos pleural e mediastinal versus
dreno mediastinal. Arqg Med ABC 2007; 32: 13-
16.

Cardoso JB, Gass R, Reuter EM, Cardoso DM
and Paiva DN. Comportamento da funcao pul-
monar em pacientes submetidos a cirurgia
cardiaca. Fédération Internationale d’Educa-
tion Physique-FIEP 2014; 84: 1-8.

Sasseron AB, Figueiredo LC, Kunicata EN,
D’Alessandri J, Lima NMFV and Boin IFSF.
Comparacao dos dias de internacao hospitalar
em pacientes que foram submetidos a cirurgia
de revascularizagao do miocardio com e sem
pleurotomia. Arquivos Brasileiros de Ciéncias
da Salde 2010; 35: 196-201.

Oliveira CO and Fantinati SM. Perfil de pacien-
tes submetidos a cirurgia cardiaca e predi-
tores das complicacoes pos-operatérias. Rev
Biomotriz 2013; 7: 1-6.

Laizo A, Delgado FEF and Rocha GM. Compli-
cacoes que aumentam o tempo de permanén-
cia na unidade de terapia intensiva na cirurgia
cardiaca. Revista Brasileira de Cirurgia Cardio-
vascular 2010; 25: 166-171.

Broco L, Pasolini MG, Scapini KB, Timm B, Pos-
ser SR, Rockenbach CWF, Barcellos CS, To-
gnon AP and Leguisamo CP. Funcao pulmonar
apobs cirurgia de revascularizagdo do miocar-
dio com e sem circulacao extracorpérea. Sci-
entia Medica (Porto Alegre) 2010; 20: 149-
155.

Nozawa E, Kobayashi E, Matsumoto ME, Fel-
trim MI, Carmona MJ and Auler JJ. Assessment
of factors that influence weaning from long-
term mechanical ventilation after cardiac sur-
gery. Arq Bras Cardiol 2003; 80: 301-305.
Santos NP, Mitsunaga RM, Borges DL, Costa
Mde A, Baldez TE, Lima IM, Moura KC and Lula
JL. Factors associated to hypoxemia in patients
undergoing coronary artery bypass grafting.
Rev Bras Cir Cardiovasc 2013; 28: 364-370.
Avila AC and Fenili R. Incidéncia e fatores de
complicagdes pulmonares pés-operatorias em
pacientes submetidos a cirurgias de térax e
abdome. Rev Col Bras Cir 2017; 44: 284-292.

Am J Cardiovasc Dis 2021;11(4):539-543


mailto:andreslisboacordeiro@gmail.com
mailto:andreslisboacordeiro@gmail.com

