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minimally-invasive cardiac surgery (MICS). The present study reported a young patient with
severe UPE after the surgery as well as corresponding clinical treatments. In addition to the
supportive treatment of extracorporeal membrane oxygenation (ECMO), monitoring changes in
cardiopulmonary function and early clinical interventions are crucial.

Conclusion: By weighing the beneficial and detrimental effects of the treatment, it calls for early
diagnosis and new therapeutic strategies for the complication.

1. Introduction

Unilateral pulmonary edema (UPE) is a severe complication in cardiac patients subjected to minimally invasive heart surgery [1].
Current treatments are focused on respiratory support after pulmonary edema, diagnosed by computer tomography. Nevertheless, the
mortality of the complication is still high. The present case reported a young patient suffering from UPE after MICS, including his image
examination, treatments, and prognosis.

1.1. Case presentation

A 37-year-old man complained of chest tightness, palpitation, and shortness of breath after regular exercise in the last four months,
which was deteriorated for over one month. Transthoracic echocardiography reported an aneurysm (57 mm at the aortic root)
localized at the aortic sinus that was extended to the proximal ascending aorta. Both left atrial (44 mm) and ventricle (54 mm in the
end-systolic stage and 72 mm in the end-diastolic stage, respectively) were dilated with severe aortic valve regurgitation, and the value
of the left ventricular ejection fraction was decreased (LVEF: 50 %). In line with the echocardiographic results, the electrocardiogram
reported sinus rhythm, increased V1 Ptf, and high voltage in the left ventricle. The young man was admitted with the diagnosis of
aortic aneurysm with severe aortic regurgitation and prepared for a minimally-invasive Bentall surgery.

After anesthetic induction with a left double-lumen endotracheal tube, the surgical procedure was performed through the right
second anterolateral intercostal space. Single lung ventilation (left side) was used. Cardiopulmonary bypass (CPB) was established via
the right femoral artery and vein after heparin was applied. An additional cannula for left atrial drainage was placed through the right
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superior pulmonary vein. Lung ventilation was paused, and constant supportive pressure was set to 4 mmHg. After direct aortic cross-
clamping (ACC), antegrade cardioplegic solutions were perfused to induce cardiac arrest. The thoracic cavity was filled with carbon
dioxide through the procedure. The CPB procedure took 198 minutes in the surgery, and the ACC time was 157 minutes. Double-lung
ventilation was used at the end of the CPB since the patient’s blood oxygen level was dropped under 90 %, accompanied by exudation
in the right airway. Transesophageal echocardiography indicated cardiac contractility was decreased while both mitral and aortic
valves functioned well. In support of epinephrine and noradrenaline, a fiber-optic bronchoscope was applied to drain away exudation.

The patient had high positive end-expiratory ventilation pressure in the intensive care unit (ICU). Meanwhile, serous fluid was
consistently observed in the right, but not the left bronchus (Fig. 1A-B). Thus, veno-arterial extracorporeal membrane oxygenation
(ECMO) was used through the left femoral artery and vein since patient oxygen saturation was barely maintained at 88-92 % in
support of high doses of epinephrine (0.2 pg/kg/min), norepinephrine (0.12 pg/kg/min) and pituitrin (6 [U/h). Transthoracic
echocardiography showed decreased ventricular systolic activity and reduced tricuspid annular plane systolic excursion (12 mm).
Stenosis in the pulmonary vein was excluded since bedside echocardiography showed that the flow velocity in the right upper pul-
monary was about 0.69 m/s. The chest radiograph showed abundant B-lines in the right lung, indicating massive exudation
(Fig. 1C-D). Therefore, treatments of diuresis and inotropic medicine were applied. The patient had the veno-arterial ECMO support
for eight days and was extubated on Day 12 (Fig. 2A-G). Informed consent for the publication of the clinical details and images was
provided by the patient.

2. Discussion

Unilateral pulmonary edema (UPE) incidence is about 2.1 % in patients with chronic heart failure, pulmonary hypertension, high
body mass index, and prolonged cardiopulmonary bypass [1]. Nevertheless, the incidence of the complication reaches 25 % in patients
subjected to MICS [2], accompanied by intraoperative collapse, which further leads to an increase in ECMO support in ICU (2 %) and
mortality (4-33 %) [3,4]. It is known that lung re-expansion induces reperfusion injury, resulting in increased vascular permeability in
pulmonary microcirculation [5]. Ipsilateral pulmonary edema is induced by aspiration, re-expansion, contusion, misplaced central
line, vein occlusive disease, prolonged decubitus positioning, and mitral regurgitation, while contralateral pulmonary edema is
probably caused by pulmonary embolism, lobectomy, inflammation, and denervation [6]. In the present report, the young muscular
patient had an unexcepted complication of pulmonary edema after the surgery. The incidence of embolism was ruled out since heparin
was applied in the surgery and the patient did not have previously reported abnormalities of pulmonary venous. The procedure of right
lung re-expansion aggravated ipsilateral pulmonary edema, which teamed with uncompromised cardiac function in a vicious cycle.
The veno-arterial, but not veno-venous ECMO, was used to support cardiopulmonary function for the patients since veno-venous
ECMO supports pulmonary functions, while veno-arterial ECMO supports cardiopulmonary functions. Early use of ECMO improved
oxygen contracts while reducing the amount of cardiac work.

Point-of-care lung ultrasonography outweighs traditional chest radiography, with increased sensitivities (87.6 %) and specificities
(96.2 %) [7,8] since increased counts of B-line in the ultrasonography are correlated with high serum levels of pro-brain natriuretic
peptide and increased incidences of major adverse cardiovascular events [9]. Thus, monitoring cardiopulmonary function by trans-
thoracic ultrasonography is highly recommended for ICU patients undergoing thoracic surgeries [10].

Treatments for pulmonary edema include mechanical ventilation and supportive medicine, such as diuretics, inotropes, and ste-
roids [11]. It has been established that ECMO is an important salvage therapy in UPE treatments, although some literature report that
the application of ECMO weakens cardiac function [12,13]. Current therapeutic strategies or early interventions for UPE include
intermittent ventilation of the collapsed lung, restoration of bilateral ventilation, pretreatment of mannitol, and induction of mild
hypothermia during ACC [14]. Of note, a recent meta-analysis suggests some protective effects of neutrophil inhibitors and endothelial
barrier modulators, including protease-activated receptor 1 and tyrosine-protein kinase receptor 2 for UPE patients [15].

In brief, clinicians have to weigh the beneficial and detrimental effects of the treatments. It is crucial to monitor cardiopulmonary
function in the progression of the disease and apply for ECMO support when conventional treatments fail to take effect.

[

Fig. 1. (A) Massive fluid accumulation in the middle and lower lobe of the right lung under Bronchoscopy. (B) Light yellow fluid gushing from the
endotracheal tube.(C) Unilateral pulmonary edema in X-ray. (D) Massive Bline (black arrow) in lung ultrasound.
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Fig. 2. Radiographical images in a time-dependent manner. Image taken before the surgery(A), Day 0(B), Day 1(C), Day 5(D), Day 8(E), Day 18(F).
Changes of Myocardial markers (pro-BNP, ¢TNT) in a time-dependent manner(G).

3. Limitation

There are some concerns and lessons. In the present case, pulmonary exudate could be caused by cardiac failure and/or lung re-
expansion. We considered re-expansion pulmonary edema as the initial factor followed by cardiac failure, resulting in the pulmo-
nary exudate, although direct evidence was absent. The surgical decision of minimally invasive Bentall surgery was made on the
patient’s cardiac function, which was underestimated. Compared with MICS, traditional sternotomy approaches expose a larger
cardiac surgical field, shorten the CPB circuits, and probably avoid lung collapse during the surgery. Thus, it would be better to fully
evaluate the patient’s cardiac function and make decisions on the surgical option. Furthermore, we highly recommend an early
application of ECMO for patients with severe UPE.
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