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Patient-Ventilation Asynchrony Causing 
Negative Pressure Pulmonary Edema in 

an Intubated Obese Patient
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Negative pressure pulmonary edema is a potentially life-threatening condition that may occur 
when a large negative intrathoracic pressure is generated against a ‘physically’ obstructed upper 
airway during emergence from anesthesia. We report a 35 year old male patient who is morbidly 
obese and undergoing laparoscopic gastric bypass who developed negative pressure pulmonary 
edema without any evidence of a ‘physical’ upper airway obstruction. In our patient, the negative 
pressure pulmonary edema occurred after complete reversal of neuromuscular blockade and during 
manual positive pressure ventilation with the endotracheal tube still in place and in the presence of 
an oral airway. Since the patient was still intubated and had an airway in place with no possibility 
for physical obstruction, we speculate that the occurrence of the negative pressure pulmonary 
edema was mainly due to a ‘functional’ obstruction secondary to the severe patient-ventilation 
asynchrony that ensued upon reversal of the neuromuscular blockade.
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Negative pressure pulmonary edema (NPPE) is a serious complication that may develop in 
the event of upper airway obstruction (UAO) during the emergence from anesthesia following 
extubation1. Normally the airway obstruction is physical and is manifested as a laryngospasm or 
other causes of physical upper airway obstructions2. Patients with difficult airways due to anatomic 
variations (i.e. short neck, nasopharyngeal soft tissue disorders), history of obstructive sleep apnea 
(OSA), obesity, and acromegaly are considered to be at higher risk for developing UAO and 
NPPE while emerging from anesthesia3. We report an unusual case of NPPE in an obese patient 
upon emergence from general anesthesia for bariatric surgery, while the patient was still intubated 
and having an oral airway in situ with no chance for biting on the tube and no possibility of an 
obstruction. We postulate that NPPE in our patient was secondary to a ‘functional’ rather than 
‘physical’ upper airway obstruction. Written informed consent was obtained from the patient

Case Presentation

A 35 year old male patient presented for an elective laparoscopic gastric bypass under general 
anesthesia. The patient had a past medical history of hypertension (controlled by amlodipine) and 
OSA. His body mass index (BMI) was 42 kg/m2. The preoperative assessment revealed Mallampati 
class II, adequate mouth opening, thyromental distance of 5 cm, and a large neck circumference. 
His laboratory investigations were all within normal limits. Echocardiography was normal with an 
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ejection fraction of 60-64%.

In the operating room, general anesthesia was 
induced with midazolam, xylocaine, fentanyl, and 
propofol. The patient was given succinylcholine and 
was smoothly and successfully intubated by direct 
laryngoscopy with the aid of a bougie. Anesthesia 
was maintained with sevoflurane and remifentanil. 
Intermittent boluses of rocuronium were supplemented 
to maintain adequate level of neuromuscular blockade 
(NMB). The patient received a total of 2 liters of 
crystalloids given that the blood loss was minimal, and 
his hemodynamics variables were all well maintained. 
At the end of the surgery which lasted for 2 hours, 
sevoflurane and remifentanil were stopped, and 
morphine 5 mg IV was given to control postoperative 
pain. Furthermore, sugammadex (400 mg IV) was 
administered to ensure complete reversal of NMB. 
The patient began spontaneous breathing and started 
regaining his consciousness while receiving gentle 
manual ventilation with an oxygen saturation of 98-
99%. However, prior to extubation and removal of the 
oral airway and upon performing gentle suctioning of 
the oropharynx, the patient became severely agitated. 
Only forceful manual ventilation could be applied to 
overcome the patient’s agitation and ensure adequate 
ventilation. This was very difficult to impossible as 
the patient was extremely agitated and fighting against 
the manual breaths; then oxygen saturation started to 
decrease and reached 70-75%. Propofol (50 mg IV) 
was given immediately to sedate the patient and enable 
synchronized and efficient ventilation. Endotracheal 
tube (ETT) suctioning showed large amount of pink 
frothy secretions. Chest auscultation revealed bilateral 
inspiratory crepitus. The patient was kept intubated 
and manually ventilated. Chest x-ray (CXR) showed 
bilateral infiltrates with congestion consistent with 
the diagnosis of pulmonary edema. Manual positive 
pressure ventilation was continued and resulted in 
improvement in oxygen saturation to the range of 85% 
to 90%, and lasix (20 mg IV) was given. Thirty minutes 
later, the patient started to wake up and became fully 
conscious, more cooperative, and able to maintain his 
oxygenation (85%-90%) by spontaneous breathing 
without manual ventilation. Arterial blood gases 
revealed pH=7.31, PO2=59mmHg, PCO2=47mmHg, 
HCO3=23mEq/L, SaO2=88%, BD=-2.7mEq/L. The 
patient was extubated to noninvasive ventilatory 

support in the form of bilevel positive airway pressure 
(BiPAP) and was transferred to the recovery room 
where he received an additional dose of lasix (40 mg 
IV), and was kept on BiPAP. His oxygen saturation 
improved to 95-96%. The next day, arterial blood 
gas showed significant improvement in arterial blood 
gases (pH=7.41, PaO2=102mmHg, PaCO2=43mmHg, 
HCO3=27mEq/L, SpO2=98%, BD=2.7mEq/L). 
Consequently, the patient was deescalated to oxygen 
facemask, and was transferred to a regular floor. He 
was discharged home two days later after showing 
normal clinical and radiological findings.

Discussion

The pathophysiology of the NPPE is 
multifactorial, and is thought to be a result of a 
gradient between the negative intrathoracic pressure 
generated by vigorous inspiratory efforts against an 
obstructed airway and the positive hydrostatic pressure 
of the pulmonary capillaries (created mainly by the 
increased venous return to the right heart accompanied 
by the hypoxic-induced systemic and pulmonary 
vasoconstriction)4. This gradient favors a transudation 
of fluid from capillaries into alveoli, and the resulting 
edema is referred to as type I NPPE.

In our case, the clinical findings (rapid 
desaturation, pink frothy secretion and inspiratory 
crepitus on chest auscultation) as well as the radiological 
findings (bilateral infiltrates with congestion) were 
strongly suggestive of pulmonary edema. The negative 
cardiac history of the patient speaks against a cardiac 
source for the observed lung edema. The presence 
of an ETT although decreases but does not eliminate 
the possibility for an obstruction and subsequently 
the development of NPPE. Sow Nam et al. reported 
a case of significant negative pressure pulmonary 
edema in an intubated patient who was biting on the 
ETT and causing airway obstruction5. However in 
our intubated patient, an oral airway was inserted 
throughout the whole procedure which excludes the 
possibility of external airway obstruction by biting on 
the endotracheal tube.

At the time our patient developed pulmonary 
edema, he was still intubated but had already regained 
full muscle power following administration of 
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sugammadex. Forceful breathing against a physical 
obstruction could not be the underlying cause of NPPE 
in our patient since he was still intubated and could 
not bite on the ET tube secondary to the presence of 
the mouth piece. We speculate that the main cause for 
the NPPE in our patient is the severe and repetitive 
asynchronization between the patient’s vigorous 
breathing efforts and the aggressive prolonged and 
deep manual ventilation that was provided by the 
anesthesia team while the patient was agitated and 
exhibiting oxygen desaturation in an attempt to 
provide ventilation to the patient’s lungs and reverse 
the oxygen desaturation. Bhaskar and Fraser described 
a type II NPPE that is related to forceful exhalation 
against an obstruction which creates intrinsic positive 
end expiratory pressure in the alveoli6. This mimics 
the valsalva maneuver which increases the alveolar 
pressure and decreases the venous return to the 
pulmonary vasculature, thus decreasing the pulmonary 
capillary pressure. Sudden relief of the obstruction 
causes abrupt decrease in alveolar pressure as well 
as increase in the venous return to the pulmonary 
capillaries, which in turn increases the hydrostatic 

pulmonary capillary pressure. Consequently, the 
pressure gradient will increase leading to pulmonary 
edema7. Due to the severe agitation, it is highly probable 
that our patient was forcefully exhaling while positive 
pressure was being applied through aggressive manual 
ventilation. This could have created an obstruction 
against the patient exhaled breath. Releasing the bag 
and pausing manual ventilation would result in abrupt 
resolution of the obstruction which may contribute to 
the development of pulmonary edema type II by the 
above-mentioned mechanism.

Our unusual case illustrates the possibility of 
severe patient-manual ventilation asynchrony in the 
development of NPPE. This highlights the importance 
of smooth resumption of spontaneous breathing prior 
to extubation especially in such scenarios where the 
patient is obese, young, with a history of OSA and 
with full recovery of neuromuscular power. In such 
scenarios, we recommend the use of pressure support 
ventilation that can provide adequate ventilatory 
assistance while maintaining superior synchrony with 
the patients’ spontaneous breaths8.
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