
Neighbours affect each other; pulmonary affection after
cardiac surgery
Reham M. Elkolalya, Mohab Sabryb, Mohamed Abo-Elnasrb, Amr Arafatb

Introduction Lungs and heart are in close relation all the
time; they affect each other. Pulmonary complications due to
cardiac surgeries may alter the surgery outcome and patient
survival.

Aim The aim of this study was to report the most frequent
respiratory complications after cardiac surgeries.

Materials and methods The study included 22 patients
(group 1) who underwent coronary artery bypass grafting and
56 patients (group 2) who underwent valve replacement
surgery. Preoperative and postoperative investigations such
as chest radiology, spirometric lung functions and PaO2/FiO2

were performed. Pleural effusion, pneumothorax, acute
respiratory distress syndrome, pneumonia, atelectasis,
wound infection or sternal dehiscence were reported.

Results Pleural effusion, pneumothorax, acute respiratory
distress syndrome, pneumonia, atelectasis, and sternal
wound infection in group 1 were found among 81.81, 4.55,
9.10, 31.82, 86.36 and 18.18% of the included patients,

respectively, whereas in group 2 they were found among
33.93, 0, 0, 35.71, 64.29 and 10.71%, respectively.

Conclusion Complications after cardiac surgeries are
common and precautions must be taken to decrease them
and to improve outcome.
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Introduction
During embryological development, lung, pleura,
diaphragm and heart are in close relation all the
time, and thus it is logical to find that any surgical
intervention in one of them can easily affect the
others.

At present, open-heart surgery is one of the common
interventions that are met every day in hospitals and its
outcome and complications became well known to
physicians.

Cardiothoracic surgeries necessitate good patient
preparation, efficient surgeon and close excellent
follow-up; all these are to avoid or at least to
decrease complications [1]. The surgeon sometimes
faces many complications of cardiac surgery that may
alter the surgery outcome and even patient survival and
quality of life later on.

The pathogeneses of these complications are not
fully understood, but many surgery-related factors
contribute to these complications, such as general
anaesthesia, median sternotomy, cardiopulmonary
bypass (CPB) [2], the injurious effect of mechanical
ventilation [3], systemic inflammatory mediators
release and capillary wall injury [4]. Many
mechanisms explain the effects of these surgeries on
other organs than the heart, including lung and
pleura.

Atelectasis is a common finding after cardiac surgery,
which may be due to mucociliary affection and reflex
bronchoconstriction, that leads to distant secretion
stagnation and small airway obstruction [5].
Atelectasis may occur during CPB, as a result of
slow patient breathing at low lung volumes and
deficient lung perfusion [6].

Another complication that is frequently met after
cardiac surgery is pulmonary infection, which not
only affects the lung as an organ but contributes to
the surgery outcome and patient survival. Postoperative
pulmonary infection has different degrees of severity
ranging from mild cough to respiratory failure
necessitating invasive ventilation [1].

Diaphragmatic dysfunction is not a serious compli-
cation except in patients with underlying pulmonary
problem; it may pass smoothly or may affect the patient
leading to frequent pulmonary infections or even
respiratory failure [7].

Hypoxaemia is one finding that the surgeon meets
during or commonly after the cardiac surgery. It can be
managed easily in most cases and usually is reversible,
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but in some cases it persists and needs more
intervention to overcome. It may occur owing to
decreased lung compliance, impaired lung surfactant
production or even respiratory centre depression
because of anaesthetic drugs and also muscle relaxant
use [8].

Other than the previously mentioned complications,
pulmonary embolism, acute respiratory distress
syndrome (ARDS), cardiogenic pulmonary oedema
and pneumothorax [1,7] may occur, and most of
these are manageable but some not.

Aim
The aim of this study was to find out the incidence of
some respiratory outcomes and complications after
open cardiac surgeries.

Materials and methods
This prospective study was conducted in the
Cardiothoracic Department with collaboration of
Chest Department in Tanta University hospitals
through a period of 14 months duration.

The study included 78 patients who were classified into
two groups according to the type of surgery that was
planned to be done:

(1) Group 1: this group included 22 patients in whom
coronary artery bypass grafting (CABG) surgery
was performed.

(2) Group 2: this group included 56 patients in whom
valve replacement surgery was performed.

All studied patients were subjected to the following:

(1) Thorough history taking.
(2) Complete clinical examination.
(3) Preoperative laboratory investigations: e.g. liver

and kidney functions.
(4) ECG, echocardiogram (EF% ejection fraction).
(5) Preoperative and postoperative chest radiography

(computed tomography if needed).
(6) Preoperative and 2 weeks postoperative spirometric

lung functions: FEV1 (volume that has been exhaled
at the end of the first second of forced expiration),
FVC(volumeof air that canbe forcibly exhaled from
the lungs after taking the deepest breath), and
FEV1% (proportion of a person’s FEV1 to FVC).

(7) Preoperative and postoperative PaO2 (arterial
partial pressure of oxygen)/FiO2 (fraction or
percentage of inspired oxygen).

(8) Coronary angiography for those having ischaemic
cardiac disease or valvular heart lesions (if needed).

The following data were recorded:

(1) PaO2/FiO2 (after 1/2 h, 1 h and after 4 h).
(2) Coronary bypass time (CBT), ischaemic time,

pleura opening and side of chest tube insertion.
(3) Duration of mechanical ventilation, duration of

hospital and ICU stay.
(4) Presence of pleural effusion, pneumothorax,

ARDS, pneumonia (culture and sensitivity),
atelectasis, wound infection or sternal dehiscence.

Statistical analysis
Data were analysed using SigmaStat, statistical analysis
package (version 4.00, relaunched as SigmaStat version
4.00 on 1 February 2016). Quantitative data were
presented as mean±SD. The threshold for the level
of significance is fixed at the 5% level, and a P value less
than 0.05 was considered significant.

Results
A total of 78 patients were included in this study;
there were 43 (55.13%) male and 35 (44.87%) female
patients, and their age ranged between 16 and 69 years
old (37.89±14.98) (Table 1). They were classified
into two groups according to the type of indicated
surgery:

(1) Group 1: this group included 22 patients indicated
for CABG surgery; their age ranged between 40
and 69 years (54.091±8.082).

(2) Group 2: this group included 56 patients indicated
for valve replacement surgery; their age ranged
between 14 and 54 years (31.518±11.947).

EF% in group 1 was 57.82±6.68, whereas in group 2 it
was 60.82±10.49.

Table 1 Demographic data and medical history of patients in
groups 1 and 2

Group 1
(22 patients)

[n (%)]

Group 2
(56 patients)

[n (%)]

Total
(78 patients)

[n (%)]

Male 18 (81.82) 25 (44.64) 43 (55.13)

Female 4 (18.18) 31 (55.36) 35 (44.87)

COPD 6 (27.3) 5 (8.93) 11 (14.10)

Smokers 11 (50) 6 (10.71) 16 (20.51)

Hypertension 12 (54.55) 2 (3.57) 14 (17.95)

DM 9 (40.91) 0 (0) 9 (11.54)

COPD, chronic obstructive pulmonary disease; DM, diabetes
mellitus.
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History of smoking, chronic obstructive pulmonary
disease, hypertension and diabetes mellitus in both
groups was reported in Table 1.

Preoperative and postoperative spirometric data
(FEV1, FVC and FEV1%) were measured for
patients in group 1 and group 2; these parameters
showed a significant decrease in their postoperative
values in group 2 (P<0.001 for FVC, 0.017 for
FEV1 and 0.002 for FEV1%, but their values did
not change significantly in group 1; P value was
0.117 for FVC, 0.083 for FEV1 and 0.355 for
FEV1%; Table 2).

PaO2 and its relation to FiO2 were measured in
preoperative and postoperative periods (30min, 1 h
and 4 h postoperatively) in both groups, and they
showed a significant decrease after 1/2 h and after
1 h postoperatively when compared with preoperative
records, but after 4 h their values began to improve but
did not reach the preoperative values (Table 3).

Incidence of pleural effusion, pneumothorax, ARDS,
pneumonia, atelectasis and sternal wound infection
were reported in both groups and in all patients
(Table 4).

In group 1, the causative organism for pneumonia was
mainly Gram negative in five (22.73%) cases and gram
positive organisms in two (9.1%) cases. However, in
group 2, Gram negative organisms causing pneumonia
was in 10 (17.86%) cases, Gram positive organisms in
six (10.71%) cases, and mixed infection in four (7.14%)
cases. As a result, the total isolated causative organism
was Gram negative in 15/78 (19.23%), Gram positive
in 8/78 cases (10.26%) and mixed infection in 4/78
cases (5.13%).

Pleural effusion site was either right, left or bilateral. In
group 1, six cases were right, 15 cases were left and four
cases were bilateral. In group 2, 13 cases were right, 13
cases were left and seven cases were bilateral (Table 5).

In patients complicated with atelectasis, left lower lobe
was the most affected one in group 1, whereas right
lower lobe was mostly affected in group 2 (Table 6).

Duration of ischaemic time, CBT, postoperative
mechanical ventilation, hospital and ICU stay in
both groups were reported in Table 7.

Death rate in both groups was low − one case in each
group; uncontrollable bleeding peptic ulcer was the

Table 2 Spirometric data in preoperative and postoperative time in both groups

Group 1 Group 2

Preoperative Postoperative t P Preoperative Postoperative t P

FVC 3.21±0.68 2.864±0.752 1.60 0.117 3.70±0.78 3.18±0.83 3.42 <0.001

FEV1 2.59±0.56 2.25±0.69 1.78 0.083 2.95±0.66 2.64±0.68 2.42 0.017

FEV1% 80.67±2.74 78.16±12.26 0.94 0.355 79.58±3.80 83.54±8.44 −3.20 0.002

FEV1, exhaled volume at the end of the first second of forced expiration after deepest inspiration; FEV1%, proportion of a person’s FEV1

to FVC; FVC, exhaled volume maximally after deepest inspiration.

Table 3 PaO2/FiO2 in preoperative time and postoperative time (1/2 h, 1h and 4h postoperatively) in groups 1 and 2

Group 1 F P Group 2 F P

PaO2/FiO2 (preoperative) 393.41±46.91 4.75 0.004 419.34±45.91 4.81 0.003

PaO2/FiO2 (1/2 h postoperative) 323.41±101.36 382.98±83.52

PaO2/FiO2 (1 h postoperative) 308.00±98.01 371.86±57.22

PaO2/FiO2 (4 h postoperative) 311.46±87.79 391.68±82.39

FiO2, fraction or percentage of inspired oxygen; PaO2, arterial partial pressure of oxygen.

Table 4 Pulmonary complications after cardiac surgeries in groups 1 and 2

Group 1 (22 patients) [n (%)] Group 2 (56 patients) [n (%)] Total (78 patients) [n (%)]

Pleural effusion 18 (81.81) 19 (33.93) 37 (47.44)

Pneumothorax 1 (4.55) 0 (0) 1 (1.28)

ARDS 2 (9.10) 0 (0) 2 (2.56)

Pneumonia 7 (31.82) 20 (35.71) 27 (34.62)

Atelectasis 19 (86.36) 36 (64.29) 55 (70.51)

Sternal wound infection 4 (18.18) 6 (10.71) 10 (12.82)

ARDS, acute respiratory distress syndrome.
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cause in group 1 (4.55%); and heart failure in group 2
(1.79%) with a total death rate of 2.56%.

Discussion
Cardiac surgeries are indicated for many causes;
sometimes, there are contraindications as a result of
patient conditions or comorbidites, but in other
situations some complications may occur to influence
the patient general status and also affect the surgery
outcome. This study aimed to clarify some side effects
related to cardiac surgeries on lung and pleura.

In the present study, 78 patients − 43 (55.13%) male
and 35 (44.87%) female − were admitted to hospital for
cardiac surgery, either valvular replacement (56 cases)
or coronary artery bypass (22 cases).

PaO2/FiO2 changed significantly in group 1 as regards
preoperatively and 1/2 h postoperatively (393.41±46.91
and 323.41±101.36, respectively) and it also changed
significantly in group 2 (419.34±45.91 and 382.98
±83.52, respectively). However, 1 and 4 h post-
operatively they did not show significant changes in
both groups.

FEV1, FVC and FEV% did not change significantly in
group 1 when preoperative values were compared with
postoperative ones after 2 weeks (they changed by

22–35%), but preoperative and postoperative values
changed significantly in group 2 (35–60%). These
changes were nearly equal to those obtained by
Nicholson et al. [9]; FVC and FEV1 values
were reduced by 40–50% on the first-to-third
postoperative days after CABG surgery, and also
were mostly relevant to those obtained by Urell et al.
[10]; 50 and 40% reduction in lung functions and lung
volumes, respectively, were reported on the second day
after open-heart surgery.

Other authors reported decreased vital capacity up to
60% at the second postoperative days, and most lung
volumes remained lower than preoperative values up to
4 months after cardiac surgeries [11–13].

As regards postoperative complications in the present
study, 81.81% of cases had pleural effusions in group 1
(six cases had right, 15 had left and four had bilateral
effusion). In group 2, 33.93% of cases had pleural
effusions (13 cases had right, 13 had left and seven
had bilateral effusion). This high incidence may be
explained by intraoperative pleural injury, iatrogenic
cardiac hypothermia during surgery, lung atelectasis or
even bleeding.

In agreement with the present study, Vargas et al. [14]
found that after second day of CABG 57% of cases
developed right-sided pleural effusion that decreased
by the seventh day, whereas 67% of studied cases
developed left-sided pleural effusion. Another study
by Light et al. [15] reported that only 29 of 3707
developed left-sided pleural effusion after CABG
surgeries and this is a very low incidence; this may
be because of their high number of studied cases in
comparison with the limited number that highlighted
the high incidence of effusion.

Labidi et al. [16] studied the prevalence of pleural
effusion after either valve replacement or bypass
graft surgery over a period of 2 years; they recorded
that 6.6% of patients had effusion (mainly in females)
and 59.4% of these effusion cases were exudative,
whereas 50% was haemmorrhagic. The incidence of
pleural effusion after heart surgeries is not low [17]. It
may occur owing to many causes such as atelectasis,
pneumonia, pleural injury or pulmonary oedema [18].
Nikas et al. [19] added that pleural effusion may occur
also after internal mammary artery use as a graft for
bypass either owing to pleurotomy or pleural lymphatic
interruption.

Atelectasis in the present study was found among
86.36% of patients in group 1 and 64.29% in group

Table 5 Pleural effusion incidence in groups 1 and 2

Group 1
(22 patients)

[n (%)]

Group 2
(56 patients)

[n (%)]

Total
(78 patients)

[n (%)]

Right side 6 (27.27) 13 (23.21) 19 (24.36)

Left side 15 (68.18) 13 (23.21) 28 (35.9)

Bilateral 4 (18.18) 7 (12.5) 11 (14.1)

Table 7 Machine patients’ dependence parameters and
admission duration in groups 1 and 2

Group 1 Group 2

Coronary bypass time 100.82±32.67 82.732±24.742

Ischaemic time 77.91±28.15 62.589±21.390

Mechanical ventilation duration 13.55±12.98 7.04±5.40

Hospital stay duration 14.23±4.63 11.75±1.95

ICU stay duration 4.27±3.06 3.11±1.04

Table 6 Atelectasis incidence in groups 1 and 2

Group 1
(22 patients)

[n (%)]

Group 2
(56 patients)

[n (%)]

Total
(78 patients)

[n (%)]

Right lobe 2 (9.1) 18 (32.14) 20 (25.64)

Left lobe 11 (50) 10 (17.86) 21 (26.92)

Bilateral 6 (27.27) 9 (16.07) 15 (19.23)
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2 and diagnosed clinically and radiologically. These
high percentages may be due to low lung ventilation (at
residual volume) especially in CABG surgery, and
when lung began to ventilate again at acceptable
tidal volumes some areas of the lung did not react
well and remained atelectatic.

The results of the present study were nearly equivalent
to those obtained by Brooks-Brunn [6] who reported a
high atelectasis incidence (70% of cases) in their study.
In another relevant study conducted by Al-Qubati et al.
[20] to study postcardiac surgerys complications,
atelectasis was 1.11%, and it was of low incidence
compared with the previous ones.

Atelectasis had more than hypothesis to occur; lobe
compression by the surgeon in a trial to reach the
posterior surface of the heart or during dissecting
the internal mammary artery [21], another one is
breathing at a low tidal volume and rate or even
breathing cessation at CPB time [22]. The use of
hypothermic solution during cardiac surgery was
postulated to decrease surfactant production, which
may play a role in lung atelectasis [23].

Pleural effusion (if present) plus pain intolerance, shallow
breathing and intolerable cough effort all participate
in the pathogenesis of postoperative atelectasis [1].

Pneumonia as a complication after cardiac surgery in
the present study revealed a high incidence: 31.82% in
group 1 and 35.71% in group 2 (total was 34.62% in all
patients). The most common isolated causative
organisms were gram negative bacteria in both
groups. This incidence was the highest when
compared with other relative studies by Tamayo
et al. [24], Ailawadi et al. [25], and El Solh et al.
[26]. This may be explained by insufficient use of
antibiotics, high prevalence of resistant organisms
and long intraoperative tissue hypoxaemia. As one of
the developing countries, we still have a high incidence
of pulmonary infections when compared with
international rates.

Pneumonia is still the most important infection that
patient and physician face after open-heart surgeries
and still endangers patient life if not prevented or well-
treated early [25].

In a similar study of 162 patients who underwent either
CABG or valve replacement therapy, Topal and Eren
[27] stated a lower incidence of pneumonia in 21 (13%)
patients without significant difference between their
two studied groups.

Although heart surgery itself is considered the main
trigger of pneumonia, other causes may participate in
pathogenesis of pneumonia, such as old age of the
patient [28], unwise use of antimicrobial agents [29],
inefficient haemostasis, hypovolaemia and long
mechanical ventilation [30].

Ailawadi et al. [25] studied 5158 after cardiac surgeries
for pneumonia and its relation to patient’s age,
haemoglobin level, previous obstructive lung diseases
and corticosteroid usage, and found that the incidence
of pneumonia in these patients was not high (2.4%)
inspite of many risk factors that their patients were
exposed to either preoperatively or intraoperatively.
El Solh et al. [26] studied 73 patients as regards
nosocomial pneumonia after cardiac surgeries and
they found only 8.3% of patients developed
pneumonia after the third day of surgery.

In the present study, pneumothorax was found only
in one (4.55%) case in group 1. It is not a
frequent complication after cardiac surgery, which
has universal low incidence of 0.7–1.7% [31], but
this prevalence may increase if the patient was
mechanically ventilated for a long period or the
physician used high positive end expiratory pressure
[32].

This result was in coincidence with that of Jensen and
Yang [33] who reported pneumothorax in 23 (7.3%)
patients in their series of 315 patients after CABG
surgeries and also with that of a study by Cingoz et al.
[34]; they studied 531 patients with ventricular or atrial
septal defect repair and they reported pneumothorax in
seven patients.

In addition, Urschel et al. [35] reported 1.4% of
pneumothoraces (21 of 1463 patients) in those who
underwent cardiac surgeries, especially patients with a
history of obstructive lung diseases; they also reported
four patients with life-threatening pneumothoraces
and required further interventions other than chest
tubes, and these results support those obtained by
others and those of the recent study.Pneumothorax
in cardiac surgery may be due to direct lung injury
intraoperatively or during chest closure; it may also be
injured during nearby vascular cannulation [31].

In the present study, ARDS incidence was 9.10 and
2.56% in group 1 and group 2, respectively.

This was in agreement with that of Al-Qubati et al.
[20] that included 179 patients; developed in three
cases of coronary revascularization group while in the
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valve replacement group; ARDS developed in one case.
In a cohort study by Gajic et al. [36] to prevail the
incidence of ARDS in hospitalised patients who were
admitted because of different causes, they reported
ARDS in 55 patients out of 541 (10.17%) with
cardiac surgeries as a predisposing factor for lung
injury.

These results were lower than those obtained by Kogan
et al. [37], who studied incidence, risk factors and death
rate after cardiac surgeries; they enrolled 6069 patients
in their study. They reported that a low incidence of 37
(0.61%) patients developed ARDS with a mortality
rate of 40.5%. This may be hypothesised by long time
of CPB and low lung ventilation and perfusion.

ARDS is not commonly seen in cardiac surgery
patients, but if it happens it has a high mortality
rate. There is more than one hypothesis for its
pathogenesis to occur: CPB that decreased
pulmonary circulation and ventilation in addition to
systemic inflammatory cascade and increased vascular
permeability, which all facilitate lung injury [38]. In
addition, surgical transient tissue ischaemia and
reperfusion leads to the release of reactive oxygen
radicals that injure the lung too [39]. Some patients
need excessive blood transfusion during surgery, and it
also can lead to lung injury and ARDS [40].

The limitations of the present study are the short
follow-up period for patients, complete lung
functions was not fully performed (and needed to be
compared in other detailed studies), perioperative risk
factors for complications should be put into
consideration and also the study was observational in
nature, which restricted modellization of the results.

Conclusion
Lung and pleura are affected during and after cardiac
surgeries either at the physiologic level or as side
effects.

Complications after cardiac surgeries are not rare and
have many risk factors either related to surgery type,
medical patient condition or postoperative manoeuvres.

Careful opening and closure of the thoracic cavity to
avoid pleural and lung tear, shortening of
cardiopulmonary bypass time, avoiding unnecessary
excess blood transfusion, decreasing duration of ICU
and hospital stay and good choice of antibiotics, all
must be put into consideration to decrease lung
affection.

It is difficult to prevent all complications, but at least
trials must be done to decrease them and to get patients
better and improve quality of their lives.
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