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Abstract

Objective: Minimally invasive multivessel coronary bypass performed through a left anterior minithoracotomy may
be associated with early postoperative respiratory events related to thoracotomy, one-lung ventilation, and
perioperative ventilatory management. This study aimed to describe the early postoperative pulmonary
complication profile in our center and to report the use of selective postoperative non-invasive mechanical
ventilation (NIMV) in routine clinical practice. Method: This single-center retrospective descriptive study included
77 consecutive patients who underwent minimally invasive on-pump multivessel coronary bypass surgery through a
left anterior mini-thoracotomy between January 2022 and December 2024. Patients were evaluated for early
postoperative pulmonary complications documented in the clinical record and chest radiography, including
atelectatic changes, pleural effusion, pneumonia, decreased partial oxygen pressure (PaO,), and blunting of the
costophrenic angle. Preoperative spirometry was obtained when clinically feasible. Results: Seventy-seven patients
(44-79 years; mean age 58.2 years) were included. Preoperative spirometry was available in 51 patients. Five
patients required postoperative NIMV because of radiographic and/or oxygenation findings during follow-up; in
two of these patients, intermittent ward NIMV was administered for SpO, <92% and PaO, <70 mmHg, with
subsequent improvement in oxygen saturation to >94% after NIMV sessions and mobilization. Postoperative
pneumonia occurred in one patient and pleural effusion in two patients; no thoracentesis was required. Mean
room-air discharge values were acceptable at cohort level (Table 5), with PaO; 99 mmHg, PaCO, 34 mmHg, and
Sp0O; 94%. Conclusion: In this selected retrospective cohort, early postoperative pulmonary complications after
minimally invasive multivessel bypass surgery were infrequent and were managed predominantly with conservative
treatment; selective NIMV was used in a small subset of patients as rescue support. The present data support
feasibility reporting only and do not establish NIMV efficacy. Prospective comparative studies with standardized
postoperative pulmonary assessments are needed.
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Introduction minithoracotomy, one-lung ventilation, local pain,
altered ventilatory mechanics, pleural drainage, and
cardiopulmonary bypass (CPB) may all contribute to
transient postoperative respiratory impairment and
delayed recovery. Preoperative pulmonary risk as-
sessment is therefore important, especially in patients
with suspected chronic obstructive pulmonary dis-
ease (COPD) or reduced pulmonary reserve [3].

In our clinical practice, multivessel minimally in-
vasive bypass surgery is performed using a double-

Minimally invasive cardiac surgery has gained wide
acceptance because, in selected patients, it can re-
duce surgical trauma, shorten recovery time, and im-
prove cosmetic outcomes compared with median ster-
notomy [1]. Despite these advantages, thoracotomy-
based approaches may still be associated with clin-
ically relevant postoperative pulmonary complica-
tions, particularly in the early period after surgery
[2]. In procedures performed through a left anterior
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lumen endotracheal tube to permit one-lung ventila-
tion during key operative steps. We frequently ob-
serve transient postoperative radiographic and oxy-
genation abnormalities, but the routine use, optimal
indications, and expected benefit of postoperative
non-invasive mechanical ventilation (NIMV) in this
setting remain insufficiently standardized. In the
intensive care unit, ventilatory support is individu-
alized, and positive end-expiratory pressure (PEEP)
is adjusted according to gas exchange and hemody-
namic tolerance.

Accordingly, the aim of this study was not to mea-
sure postoperative pulmonary function capacity di-
rectly, but to describe the early postoperative pul-
monary complication profile, blood gas findings, and
selective NIMV requirements in patients undergoing
minimally invasive multivessel bypass surgery via
left anterior minithoracotomy.

Methods

This was a single-center retrospective descriptive co-
hort study of patients who underwent minimally in-
vasive on-pump multivessel coronary bypass surgery
via left anterior thoracotomy (4th intercostal space)
between January 2022 and December 2024. The pri-
mary objective was to describe early postoperative
pulmonary complications and the use of selective
NIMV after extubation. Patients who underwent
redo surgery, emergency surgery, combined cardiac
procedures, or who had a porcelain aorta, advanced
chronic obstructive pulmonary disease (COPD) / sig-
nificant pulmonary disease, or chronic kidney failure
were excluded, as summarized in Table |1. During
the preoperative period, all patients underwent tho-
racic and pelvic computed tomography to assess pe-
ripheral artery disease, aortic calcification, and the
heart-thorax relationship. Based on these evaluations,
the cannulation strategy was selected, with axillary
cannulation preferred in patients with peripheral ar-
terial disease. Regardless of pulmonary function test
results, all patients received inhaled ipratropium bro-
mide and budesonide at six-hour intervals preopera-
tively. Preoperative spirometry was performed when
clinically feasible; patients with unstable coronary
syndromes and critical coronary lesions who required
expedited surgery could not always undergo testing.
For this reason, spirometry data were available for a
subset of the cohort and were analyzed descriptively
without imputation. Pulmonary complications, chest
radiographic findings, arterial blood gas measure-
ments, and NIMV use were obtained from routine
perioperative records. Because the study had no com-

parator arm and was not powered for causal infer-
ence, analyses were limited to descriptive summaries
(means with standard deviations for continuous vari-
ables and counts/proportions for categorical findings).
This retrospective observational study was conducted
in accordance with the principles of the Declaration
of Helsinki and was approved by the relevant health
authorities and institutional review board (Hisar In-
ternational Hospital Local Ethics Committee; date:
01.12.2023; decision n0:23-56). All procedures were
performed in accordance with the ethical standards
of the institutional and/or national research commit-
tee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.
Written informed consent was obtained from all indi-
vidual participants included in the study.

Table 1: Inclusion / exclusion criteria

Inclusion criteria
Multivessel coronary
artery disease

Critical left main
coronary artery disease

Exclusion criteria

Redo bypass

Emergency bypass

Porcelain aorta
Combined valve
surgery

Advanced COPD and
pulmonary disease
Chronic kidney
failure

Anesthetic management

Patients received 3 mg melatonin the night before
surgery. After entering the operating room, midazo-
lam (0.03 mg/kg) was administered for premedica-
tion. Anesthesia was induced with midazolam (0.01-
0.5 mg/kg), fentanyl (2-7 ug/kg), rocuronium (0.5-1
mg/kg), and propofol (1.5-2.5 mg/kg). All patients
were intubated with a double-lumen endobronchial
tube to facilitate one-lung ventilation, and tube posi-
tion was confirmed by fiberoptic bronchoscopy. Af-
ter intubation, volume-controlled mechanical venti-
lation was used with a tidal volume of 4-6 mL/kg,
an inspiratory-to-expiratory ratio of 1:2, a respira-
tory rate of 12/minute, and a PEEP of 5 cm H,O.
The same anesthesia device (Aisys CS2, GE, Datex-
Ohmeda, General Electric, USA) was used for all
patients. Anesthesia was maintained with an oxy-
gen/medical air mixture (40-50% Fi0O,), sevoflu-
rane, and continuous remifentanil infusion. A low-
flow anesthesia technique was used, with sevoflurane
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administered at a minimum alveolar concentration
(MAC) of 1 and a fresh gas flow rate of 0.5 L/min.
Under ultrasound guidance, an 8.5F central venous
catheter was placed in the left internal jugular vein for
central venous pressure monitoring. Depth of anes-
thesia was continuously monitored using Entropy®
(GE, General Electric, USA), particularly during
CPB, to maintain adequate anesthetic depth. Intermit-
tent bolus doses of fentanyl, midazolam, and propo-
fol were administered as needed. During CPB, the
total fentanyl dose was limited to a maximum of 20

pg/kg.
Surgical procedure

Patients were positioned supine on the operating ta-
ble. A 5-7 cm skin incision was made in the 4th
intercostal space for the left anterior minithoraco-
tomy. During preparation of the left internal tho-
racic artery (LITA), one-lung ventilation was initi-
ated. A special retractor (Delacroix-Chevalier, Paris,
France) was used to optimize exposure. Cannula-
tion was performed through 3—4 cm incisions using
the femoral artery or axillary artery together with
the femoral vein. Arterial cannulation was achieved
with 17-21F cannulas and venous cannulation with
22-26F cannulas (Medtronic DLP, Grand Rapids,
MI, USA). For additional anastomoses, saphenous
vein grafts were harvested using 2 cm sequential in-
cisions. The space between the aorta and pulmonary
artery was dissected, and a 10 mm teflon tape was
looped around the aorta for traction. Cardioplegia
was administered using a long antegrade cardioplegia
cannula (MiAR™ Cannulae, Medtronic, USA). A
Chitwood DeBakey Clamp (Scanlan® International
Inc., Saint Paul, MN, USA) was applied at the 2nd
intercostal space of the left anterior axillary line for
cross-clamping. Distal bypasses were performed us-
ing saphenous vein grafts and the LITA graft. After
completion of distal anastomoses, the cross-clamp
was removed. A side clamp was then applied at
the aortic incision site, and proximal anastomoses
were completed using traction with teflon tape. After
hemostasis, the double-lumen endotracheal tube was
replaced with a single-lumen tube and the patient
was transferred to the intensive care unit [4].

All patients were routinely evaluated by the car-
diovascular surgery and anesthesiology teams on the
evening of the operation and were subsequently extu-
bated when clinically appropriate (mean ventilation
time: 6 hours). Extubation decisions were based on
bleeding volume, urine output, hemodynamic param-
eters (rthythm and blood pressure), and arterial blood

gas analysis.

Routine NIMV was not administered after extu-
bation. While patients remained intubated in the
early postoperative period, PEEP was generally main-
tained at 6-8 cm H,O according to clinical status.
After extubation, patients were monitored for pul-
monary complications, including pleural effusion,
atelectatic changes, and blunting of the costophrenic
angle, using clinical examination, arterial blood gas
analysis, oxygen saturation monitoring, and chest
radiography. Atelectatic segments and costophrenic
angle blunting were identified on chest radiographs
reported during routine care. NIMV was used selec-
tively as rescue support in patients with radiographic
abnormalities and/or impaired oxygenation, and se-
rial arterial blood gas analyses were used to assess
response.

Results

Between January 2022 and December 2024, a total of
77 patients underwent minimally invasive coronary
bypass surgery via left anterior minithoracotomy. Of
these, 53 were male and 24 were female. The pa-
tients’ ages ranged from 44 to 79 years, and the mean
age was 58.2 years. The demographic characteristics
of the patients are summarized in Table 2.

Table 2: Demographic data of the patients

Characteristics Value (total pa-
tient,n=77)
n %
Male 53
Female 24
Age(Mean+SD) | 58.2+£22
Smoker 32 41.5
Hypertension 28 36.3
Diabetes mellitus | 37 48
Hyperlipidemia 24 31.1
Bm:>30 1 0.012

Preoperative pulmonary status was assessed us-
ing spirometry when clinically feasible. Spirom-
etry could not be performed in some patients pre-
senting with non-ST-elevation myocardial infarction
(NSTEMI) or unstable angina pectoris (USAP) and
critical coronary artery lesions because delaying surgery
for testing was not considered appropriate. Accord-
ingly, pulmonary function testing was available in 51
patients and missing in 26 patients. Patients with ad-
vanced COPD or significant pre-existing pulmonary
disease were excluded from the study; therefore, Ta-
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ble 3/ should be interpreted as a descriptive summary
of a selected subset rather than a full-cohort compar-
ison.

Table 3: Pulmonary function test results

FVC 3.9+ 0.7

FEV1 3.0+05

FEV1/FVC 755+£7.1

PEF 49115

MEF75 47+13

MEF50 34407

MEF25 1.1+03

MEF25-75 28+0.5

FVC: Forced vital capacity, FEV: Forced expi-
ratory volume, PEF: Peak expiratory flow MEF:
Mean expiratory flow

All included patients underwent minithoracotomy
coronary bypass surgery for isolated multivessel coro-
nary artery disease; patients requiring additional car-
diac procedures were excluded by design. The in-
traoperative and postoperative descriptive data are
summarized in Table 4. No formal between-group
comparisons were performed because no comparator
cohort was included.

Table 4: Intraoperative and post-operative data

day of discharge are summarized in Table |5; room-air
values were within clinically acceptable ranges at the
cohort level.

Postoperative bleeding occurred in one patient
(1777, 1.3%) and required surgical revision. No
cases of postoperative myocardial infarction were ob-
served. Atrial fibrillation developed in five patients
(58/77, 6.5%) and was successfully converted to sinus
rhythm with medical treatment. No postoperative
mortality occurred. Most patients were discharged
within 5 to 7 days postoperatively, consistent with
the descriptive length-of-stay data in Table 4. Given
the small sample size and low event counts, these fre-
quencies should be interpreted as imprecise descrip-
tive estimates rather than stable incidence measures.

Table 5: Mean blood gas values and vital signs on
discharge day

Characteristics Value
X-klemp(min) 83.1+£12.2
CPB(min) 141.1+18.3
Blood transfusion(unit) 1.7+£0.8
Ventilation time, mean+SD (hours) | 5.8+2.1
ICU length of stay (day) 1.1+0.4
Hospital length of stay (day) 4.8+1.1
CPB: Cardiopulmonary bypass , ICU: Intensive
care unit

Five patients required NIMV during postopera-
tive follow-up because of radiographic costophrenic
angle blunting and/or impaired oxygenation (5/77,
6.5%). In two patients (2/77, 2.6%), SpO, was below
92% and PaO, was below 70 mmHg, and intermittent
NIMYV was administered during in-hospital follow-
up. After approximately 2—3 NIMV sessions com-
bined with mobilization, SpO, improved to above
94% in these patients. Postoperative pneumonia was
detected in one patient (1/77, 1.3%), who was dis-
charged following a 10-day course of antibiotic ther-
apy. Pleural effusion was observed in two patients
(2/77, 2.6%), but thoracentesis was not required.
Mean arterial blood gas values and vital signs on the

Characteristics Value, mean (SD)

PaO2 (mmHg) 99 (18.1)

Arterial (pH) 7.38(0.05)

PaCO2(mmHg) 34(2.4)

Mean arterial blood pres- | 74(11.2)

sure, mean (SD) (mmHg)

Heart rate (min) 89(13.2)

Saturation O2(%) 94(4.2)
Discussion

With recent advancements in cardiovascular surgery,
there has been a notable shift toward minimally inva-
sive cardiac procedures. Minimally invasive bypass
surgery performed via thoracotomy at the fourth in-
tercostal space—without sternotomy—can reduce
surgical trauma, improve cosmetic outcomes, and fa-
cilitate faster mobilization in appropriately selected
patients. However, thoracotomy-based multivessel
coronary bypass also introduces procedure-specific
respiratory risks related to one-lung ventilation, pleu-
ral manipulation, pain-limited respiratory effort, and
cardiopulmonary bypass. The present study therefore
focuses on early postoperative pulmonary events and
supportive respiratory management rather than on
long-term functional outcomes.

Multivessel coronary bypass surgery performed
via thoracotomy is technically demanding and is as-
sociated with a learning curve. Even in experienced
hands, pulmonary and pleural complications may oc-
cur and can delay recovery if not recognized early.
Our contribution is to report the frequency and short-
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term clinical course of these events in a selected
cohort managed with an individualized postoperative
respiratory strategy, rather than to claim superior-
ity over conventional sternotomy or over alternative
perioperative ventilation protocols [5, 6].

In minimally invasive bypass surgery via thoraco-
tomy, distal anastomosis technique is similar to con-
ventional surgery, but exposure requires a different
access route, specialized retractors, and one-lung ven-
tilation. During LITA harvesting and coronary anas-
tomosis, interruption or reduction of ventilation to im-
prove operative exposure may contribute to transient
atelectatic change. In addition, pleural manipulation
and postoperative pain can impair deep inspiration
and cough, which may promote early radiographic
abnormalities. These mechanisms provide a plausi-
ble basis for the postoperative findings observed in
our cohort, but they were not directly measured in
this study.

Prolonged operative duration or traumatic tissue
handling may increase the risk of postoperative pleu-
ral or pulmonary complications. In this context, chest
radiographic findings such as increased hemithoracic
opacity, costophrenic angle blunting, or reduced lung
expansion should be interpreted together with symp-
toms, oxygen saturation, and arterial blood gas val-
ues. Importantly, radiographic costophrenic angle
blunting by itself does not necessarily indicate clini-
cally significant pleural effusion requiring interven-
tion. In our series, some radiographic abnormali-
ties were managed conservatively and no thoracen-
tesis was required, which supports careful clinical-
radiographic correlation in postoperative decision-
making.

For patients undergoing coronary artery bypass
grafting (CABG), preoperative recognition of COPD
and estimation of pulmonary reserve remain impor-
tant components of perioperative planning [7]. In
our cohort, spirometry could not be completed in all
patients because urgent surgery was prioritized in
some patients with NSTEMI/USAP and critical coro-
nary anatomy. This missingness was clinically driven
and therefore likely non-random. Consequently, the
spirometry values in Table 3 should not be interpreted
as representative of the entire cohort, and no com-
parative conclusions regarding spirometric predictors
can be drawn from the present dataset. Neverthe-
less, the practical difficulty of obtaining spirometry
in unstable patients is itself an important real-world
observation.

Deterioration in oxygenation may impair tissue
perfusion and can complicate recovery after cardiac

surgery [8]. In our postoperative practice, NIMV
was not applied routinely; instead, it was used selec-
tively as rescue support in a small subset of patients
with radiographic abnormalities and/or reduced oxy-
genation. The observed improvement in oxygen sat-
uration after NIMV sessions and mobilization in two
patients is clinically encouraging, but it should not be
interpreted as proof of efficacy because there was no
comparator group, indications were not protocolized,
and spontaneous improvement with mobilization and
routine care cannot be excluded. This interpreta-
tion is consistent with the mixed literature regarding
perioperative positive-pressure strategies and the het-
erogeneity described in prior studies [9].

The primary goal of minimally invasive approaches
is to improve recovery and patient comfort by mini-
mizing surgical trauma. In addition, we performed
endoscopic saphenous vein harvesting in eligible pa-
tients. No leg infections were observed in our cohort,
including patients with common risk factors such as
diabetes. This observation is descriptive only and
should not be overgeneralized. The balance between
potential benefits of endoscopic harvesting and con-
cerns regarding conduit quality and long-term pa-
tency remains an area in which surgeon experience
and case selection are important, and the current lit-
erature continues to evolve [10].

Although severe COPD is not universally consid-
ered an absolute contraindication to minimally inva-
sive coronary surgery, patient selection and intraoper-
ative tolerance of one-lung ventilation remain critical
[11]. Our study excluded patients with advanced
COPD/significant pulmonary disease, so we cannot
draw conclusions about safety or NIMV effectiveness
in that subgroup. Similarly, the present cohort does
not support subgroup conclusions in obese patients
because only one patient in Table 2 had BMI >30.
Therefore, statements regarding obese or advanced
COPD populations should be regarded as hypotheses
for future studies rather than evidence generated by
the current series [13].

Katiyar et al. reported early postoperative impair-
ment in forced expiratory volume in 1 second (FEV1)
and forced vital capacity (FVC), with several risk
factors associated with poorer short-term pulmonary
function [12]. These findings support the broader
rationale for perioperative respiratory optimization
and careful postoperative surveillance. However, our
study did not perform postoperative spirometry and
therefore cannot directly quantify postoperative pul-
monary function decline, recovery trajectory, or asso-
ciations between CPB time and spirometric changes.
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The present data should be interpreted as event-based
clinical observations, not physiological lung function
measurements.

When all postoperative pulmonary outcomes are
considered together in our cohort, most events were
managed conservatively, invasive pleural interven-
tion was not required, and selective NIMV was used
in a small number of patients. At the same time, the
occurrence of pneumonia and pleural effusion in a
minority of patients confirms that pulmonary compli-
cations were not absent and require ongoing surveil-
lance. Previous studies indicating persistent postop-
erative pulmonary function impairment after cardiac
surgery remain relevant when planning follow-up
and rehabilitation [14, 15].

The main limitations of this study are its retrospec-
tive design, single-center setting, small sample size,
selected patient population, absence of a compara-
tor group, non-standardized NIMV indications, and
incomplete preoperative spirometry data. In addi-
tion, event counts were low, which limits precision
and precludes robust statistical inference. For these
reasons, our findings should be used to inform hy-
pothesis generation and protocol development rather
than to support causal claims about the effectiveness
of NIMV or other perioperative interventions.

Conclusion

Minimally invasive multivessel coronary bypass surgery

via left anterior minithoracotomy was feasible in
this selected cohort and was associated with a low
frequency of early postoperative pulmonary events
managed predominantly with conservative measures.
Selective postoperative NIMV was used in a small
subset of patients with radiographic abnormalities
and/or oxygenation impairment and was followed by
short-term clinical improvement, but the present ret-
rospective descriptive design does not permit efficacy
conclusions. Preoperative spirometry remains useful
when clinically feasible, yet urgent coronary presen-
tations may limit its availability. Prospective studies
with standardized complication definitions, proto-
colized NIMYV indications, serial postoperative pul-
monary function assessment, and appropriate com-
parator groups are needed to determine which pa-
tients benefit most from specific respiratory support
strategies.
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