
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © the Korean Society of Anesthesiologists, 2022

298

Patients may develop pulmonary edema following tho-

racostomy tube insertion and elective wedge resection for 

spontaneous pneumothorax that ultimately progresses to 

diffuse bilateral pulmonary edema and cardiac arrest. 

Among various differential diagnoses, reexpansion pulmo-

nary edema is the most suspected diagnosis. Reexpansion 

pulmonary edema is a rare but fatal complication of tho-

racostomy tube insertion. It can also occur after one-lung 

ventilation [1]. Clinically, it can be suspected when the pa-

tient shows pink, frothy sputum with tachypnea, tachycar-
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Background: Reexpansion pulmonary edema is a rare but potentially lethal complication. 
We report a case of suspected reexpansion pulmonary edema that led to cardiac arrest. 

Case: A 16-year-old male patient underwent wedge resection due to right pneumothorax. 
The patient showed pink frothy sputum three hours following surgery, and a chest x-ray 
showed right unilateral pulmonary edema. Thirteen hours following surgery, the patient con-
tinuously showed pink frothy sputum and presented with severe hypoxemia, tachypnea, and 
tachycardia. After transferring to the intensive care unit (ICU), he developed ventricular 
tachycardia. Cardiopulmonary resuscitation was performed for 32 min. Chest X-ray showed 
diffuse bilateral pulmonary edema. Extracorporeal membrane oxygenation was performed. 
During the 65 days of ICU care, the patient became mentally alert. However, follow-up echo-
cardiography revealed severe heart failure. 

Conclusions: Rexpansion pulmonary edema can rapidly progress to diffuse bilateral pulmo-
nary edema. Therefore, careful observation is required for the patients who show signs of 
pulmonary edema after reexpansion. 

Keywords: Extracorporeal membrane oxygenation; Heart arrest; Pneumothorax; Pulmonary 
edema.

dia, and hypoxia. In general, patients show unilateral pul-

monary edema on the ipsilateral side, and supportive care is 

provided for management. However, severe cases can prog-

ress to bilateral pulmonary edema, which requires endotra-

cheal intubation and mechanical ventilation. 

However, our patient required extracorporeal membrane 

oxygenation (ECMO) because supportive care was ineffec-

tive, and the patient was successfully resuscitated. Thus, we 

report the case with a relevant literature review to contribute 

to managing severe reexpansion pulmonary edema. Our In-
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stitutional Review Board (no. EMC 2021-05-007) approved  

this case report and waived the requirement for written in-

formed consent.   

CASE REPORT 

A 16-year-old male patient (height 179 cm, weight 60.8 kg) 

was admitted to the thoracic surgery department with a 

complaint of sudden chest pain that occurred two days ago. 

The patient had no medical history and was a never-smoker. 

The patient was diagnosed with 50% right pneumothorax 

(Fig. 1); hence, a 24 French thoracostomy tube was inserted 

along with the application of 20 cmH2O negative pressure. 

The patient was subsequently admitted for elective thoraco-

scopic wedge resection. Laboratory test and electrocardio-

gram (ECG) findings did not reveal any abnormalities, and 

the patient’s American Society of Anesthesiologists physical 

status classification was 1. 

Vital signs measured immediately after arriving at the op-

erating room were as follows: blood pressure (BP), 148/85 

mmHg; heart rate (HR), 85 beats/min; SpO2, 100%; and tem-

perature, 36.6°C. Total intravenous anesthesia was induced 

using propofol and remifentanil for induction and mainte-

nance. After the loss of consciousness, succinylcholine 100 

mg was administered, and endotracheal intubation was per-

formed using a 37 French left-sided double-lumen tube 

(HumanBroncho®, Insung Medical, Korea) using a laryngo-

scope. While maintaining the fraction of inspired oxygen 

(FiO2) at 0.5, mechanical ventilation was performed to main-

tain the end-tidal carbon dioxide (EtCO2) at 30–33 mmHg. 

The peak airway pressure was maintained under 25 cmH2O. 

Vecuronium (4 mg) was administered to maintain a neuro-

muscular blockade. During surgery, multiple bullae were 

discovered in the apex and the posterior segments of the 

right upper lobe. Therefore, wedge resection was performed. 

When the surgical procedure was completed, a 10-s recruit-

ment maneuver was performed twice with a peak airway 

pressure of 30 cmH2O to reexpand the collapsed lung; the 

surgery lasted 55 min and was completed without any com-

plications. The total fluid infusion volume was 400 ml, in-

cluding 300 ml of hydroxyethyl starch (Volulyte®, Fresenius 

Kabi Deutschland GmbH, Germany) and 100 ml of Hart-

mann solution. 

Immediately after the arrival at the post-anesthesia care 

unit, the patient’s vital signs were as follows: BP, 161/112 

mmHg; HR, 109 beats/min; SpO2, 95%; temperature, 36.5°C; 

and respiration rate, 25 breaths/min. The patient com-

plained of nausea immediately after arrival at the post-anes-

thesia care unit, which did not resolve after administration 

of 0.075 mg of palonosetron hydrochloride (Aloxi®, Helsinn 

Birex Pharmaceuticals Ltd., Ireland), and 5 mg of dexameth-

asone. 

Approximately 10 min later, the patient vomited pink 

frothy sputum several times (Fig. 2). After observing the pa-

tient for 60 min, the patient showed improvement in nausea, 

and the vital signs with O2 5 L/min using an oxygen reserve 

bag mask were as follows: BP, 145/88 mmHg; HR, 98 beats/

min; SpO2, 99%; temperature, 36.5°C; and respiration rate, 19 

breaths/min. The patient’s Postanesthetic Alderte recovery 

score was 9; hence, he was sent to the ward with continued 

oxygen supplementation. 

Chest radiography performed 3 h following surgery 

showed right pulmonary edema (Fig. 3A), and the vital 

signs were: BP, 154/90 mmHg; HR, 115 beats/min; SpO2, 

95%; and temperature, 37.5°C. The patient was alert; how-

ever, he showed continuous agitation. In addition, a post-

operative laboratory test revealed that the hemoglobin con-

centration had increased to 19.9 g/dl compared to 17.3 g/dl 

before the surgery. Thirteen hours following surgery, the 

patient continuously began to cough pink frothy sputum, 

developed dyspnea, and presented with mental disorienta-Fig. 1. Image shows 50% pneumothorax of right lung.
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tion. His vital signs were as follows: BP, 185/129 mmHg; HR, 

191 beats/min; SpO2, 78%; and temperature, 39.2°C. The 

patient’s extremities were pale, and although arterial blood 

gas analysis was attempted, the radial artery pulse could 

not be detected. Blood vessel puncture was successful; 

however, only a trace amount of darkened blood was aspi-

rated; hence, we thought that venous blood was sampled, 

and the test was not performed. Endotracheal intubation 

was performed immediately, and the patient was trans-

ferred to the intensive care unit. Thirty minutes later, SpO2 

dropped to 45% at FiO2 of 0.6, with ECG showing ventricular 

tachycardia; therefore, cardiopulmonary resuscitation 

(CPR) was performed. While performing chest compres-

sions, 1 mg of epinephrine was injected every three minutes 

(total 10 mg), and recovery of spontaneous circulation 

(ROSC) was achieved after five consecutive direct-current 

cardioversion at 200 J. CPR was performed for 32 min. Chest 

radiography performed after achieving ROSC showed dif-

fuse bilateral pulmonary edema (Fig. 3B), and echocardiog-

raphy revealed moderate left ventricular systolic dysfunc-

tion with global hypokinesia and a left ventricle ejection 

fraction (LVEF) of 35%. Vital signs were BP, 61/48 mmHg; Fig. 2. Pink frothy sputum.

Fig. 3. (A) Chest X-ray taken three hours following surgery showing right side limited unilateral pulmonary edema. (B) Thirteen hours 
following surgery showing diffuse bilateral pulmonary edema.
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and HR, 152 beats/min. Thus, veno-veno-arterial ECMO 

was performed via a femoral approach. For inotropic sup-

port, dopamine (20 μg/kg/min), dobutamine (20 μg/kg/

min), and epinephrine (0.4 μg/kg/min) were used in addi-

tion to norepinephrine (1.6 μg/kg/min) as a vasopressor. In 

addition, there was no urine output even after 2 h of insert-

ing a 14 French Foley catheter; thus, continuous renal re-

placement therapy (CRRT) was initiated, and continuous 

veno-venous hemodiafiltration mode was used to enable 

simultaneous hemodialysis and hemofiltration. 

From post-operative day (POD) 3 to POD 11, the infusion 

drugs were tapered with continuous supportive care and 

blood transfusion (Fig. 4). ECMO was maintained at 4.4–4.6 

L/min and terminated on POD 9. On POD 11, the patient’s 

mental status improved from stupor to drowsy, and he re-

gained orientation; motor grade improved to II, with the pa-

tient being able to obey commands. On POD 15, all the infu-

sion drugs were terminated, and the vital signs were BP, 

130/62 mmHg; HR, 114 beats/min; SpO2, 100%; and tem-

perature, 37.5°C (Fig. 4). 

On POD 27, follow-up echocardiography revealed severe 

left ventricular dysfunction with global hypokinesia, with a 

further decrease in LVEF to 22%. On POD 44, urine output re-

covered to 1,645 ml/day, based on which CRRT was weaned. 

His vital signs were stable. On POD 50, the patient became 

alert, and extubation was performed on POD 55. On POD 66, 

follow-up echocardiography revealed an LVEF of 20%. 

DISCUSSION 

When a patient shows clinical signs and chest radiography 

of pulmonary edema, clinicians must differentiate the cause. 

We suspected the following: Excessive fluid replacement, 

negative pressure pulmonary edema, pulmonary thrombo-

Fig. 4. Vital signs, extracorporeal membrane oxygenation (ECMO) flow, inotropic agent, vasopressor trends during ECMO institution. 
(A-a) Heart rate (HR) (beats/min), (A-b) blood pressure (BP) (mm/Hg), (A-c) ECMO flow (L/min), (B-a) norepinephrine (μg/kg/min), (B-
b) epinephrine (μg/kg/min), (B-c) dopamine (μg/kg/min), (B-d) dobutamine (μg/kg/min). Note that on postoperative day 9, not only 
epinephrine, and norepinephrine, but also ECMO was terminated. ECMO was maintained for 7 days. After that, dopamine and dobutamine 
were tapered while maintaining stable vital signs.
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embolism, reexpansion pulmonary edema. 

There is a possibility that 400 ml of fluid over 55 min of 

surgery may have caused pulmonary edema because a rou-

tine fluid replacement for nil-per os time is not required [2]. 

Negative pulmonary edema may also have occurred by up-

per airway obstruction. However, during extubation, we did 

not observe the patient biting the endotracheal tube or in-

creased peak airway pressure [3]. Also, pulmonary ischemia 

caused by pulmonary thromboembolism could not be ruled 

out; however, the patient did not complain of chest pain [4]. 

We assumed that the reexpansion pulmonary edema was 

the most probable diagnosis. The patient had not only sever-

al risk factors of reexpansion pulmonary edema (16 years of 

age, more than 50% of pneumothorax, 20 cmH2O of negative 

pressure, one-lung ventilation), but also typical symptoms of 

reexpansion pulmonary edema. 

Reexpansion pulmonary edema is a rare condition with 

an incidence of <  1%. It usually occurs in patients with 

pneumothorax, pleural effusion, or severe atelectasis follow-

ing the insertion of a thoracostomy tube [5]. Also, similar to 

this case, there are several reports of reexpansion pulmonary 

edema occurring after one-lung ventilation during thoracic 

surgery [1,6]. More than half of the patients develop symp-

toms within an hour, while others develop symptoms within 

24 h [5]. Patients present with tachypnea, tachycardia, and 

hypoxia, and do not respond to oxygen therapy owing to the 

shunt caused by fluid-filled alveoli. A large third space in the 

lungs may also cause hypotension [7]. Most patients show 

progressive unilateral pulmonary edema, and bilateral con-

tralateral edema is uncommon. However, without proper 

treatment, the contralateral lung may be involved. Risk fac-

tors for reexpansion pulmonary edema include persistent 

pneumothorax for 7 days or longer, younger age (aged 20–39 

years), pneumothorax >  30% of the lung field, and method 

of reexpansion [8]. 

The pathophysiology of reexpansion pulmonary edema 

remains unknown; however, it is believed that multiple fac-

tors act on the capillary bed and increase its permeability [9]. 

A recent study reported that inflammatory mediators, such 

as interleukin-8 and monocyte chemoattractant protein-1, 

are involved in pathogenesis [10]. 

Management of reexpansion pulmonary edema is gener-

ally supportive. Prompt recognition is important, and oxy-

gen supplementation can help treat mild symptoms. In ad-

dition, most cases show unilateral pulmonary edema; 

hence, the lateral decubitus position with the affected side 

up could be beneficial [11]. There was also a report of symp-

tomatic improvement in patients with severe reexpansion 

pulmonary edema using methylprednisolone pulse therapy 

(1,000 mg/day for 3 days) [12]. 

In the present case, the patient showed typical clinical fea-

tures of reexpansion pulmonary edema after being trans-

ferred to the post-anesthesia care unit and was thus placed 

under observation for an hour. He did not show any further 

exacerbation of symptoms; hence, he was sent to the ward 

with continued oxygen supplementation. A chest radiograph 

taken 2 h after returning to the ward only showed right uni-

lateral pulmonary edema; however, considering the worsen-

ing of tachycardia, tachypnea, and hypoxemia over a few 

hours, rapid contralateral lung involvement should have 

been considered. 

The authors thought that his low alveolar PO2 caused by 

fluid-filled alveoli might trigger hypoxic pulmonary vaso-

constriction (HPV). HPV can aggravate pulmonary hyper-

tension, resulting in rupture of the basement membrane 

[13]. Furthermore, younger patients have higher cardiac au-

tonomic function, represented by heart rate variability [14]. 

This can cause extravasation of fluid from capillaries and 

worsen pulmonary edema. The patient’s hemoglobin con-

centration increased after surgery compared to the preoper-

ative level (17.3 → 19.9 g/dl), confirming the extravasation. 

Judging from these signs, we can assume the high possibility 

of worsened reexpansion pulmonary edema, especially in 

younger patients ( <  40 years). Therefore, even with mild re-

expansion pulmonary edema, close monitoring and oxygen 

supplementation are crucial. 

Regarding his LVEF of 35% on POD 2, because the patient 

had a metabolic equivalent of task score of 6 or higher before 

the surgery, it is difficult to conclude that there was an un-

known cardiopulmonary disease. According to one study, a 

higher resting HR and temporal increase in HR increase the 

risk of adverse outcomes [15]. Therefore, there is a possibili-

ty that the patient’s persistent tachycardia had caused stress 

cardiomyopathy. Furthermore, CPR itself may have caused 

irreversible myocardial damage. 

The limitation of this case report is that although reexpan-

sion pulmonary edema was suspected early on, it could have 

been a better if there had been further evaluation such as 

chest computed tomography or pulmonary perfusion scan 

to rule out pulmonary thromboembolism. Furthermore, we 

cannot confirm whether a respiratory failure led to cardiac 

arrest because the patient did not receive preoperative car-

diac evaluation due to his young age and no underlying dis-

eases. 
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In conclusion, we discovered that reexpansion pulmonary 

edema could quickly progress to diffuse bilateral pulmonary 

edema even with mild symptoms. Thus, even patients with 

mild reexpansion pulmonary edema must be closely moni-

tored to ensure immediate treatment, and if necessary, ap-

propriate treatment to lower autonomic function such as se-

dation should be provided. Furthermore, it should be noted 

that prompt ECMO could be an option for improving the pa-

tient’s survival.  
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