
248

Bahrain Medical Bulletin, Vol. 40, No. 4, December 2018

Negative pressure pulmonary edema (NPPE) is a rare and 
potentially life-threatening condition1. In children, it mainly 
occurs following upper airway infectious diseases such as 
epiglottitis or croup2. In adults, NPPE is commonly seen in 
postoperative settings3-5. Rapid onset, severe hypoxemia, and 
adrenergic storm are the hallmark of the clinical presentation6,7. 
The diagnosis is usually established based on the clinical 
scenario and chest X-ray findings. The differential diagnosis 
includes acute ischemic heart disease and decompensated heart 
failure7. 

The risk factors include obesity, sleep apnea, nasal, oral and 
pharyngeal surgery7-9. The pathophysiology involves sudden 
changes in the pre and afterload of the heart and/or a rapid 
relief of a chronic partial upper airway obstruction7.

Available data in the literature are limited to case reports or 
small series as this complication is rarely encountered in the 
clinical practice10. Early recognition and timely initiation of 
appropriate treatment are of paramount importance to improve 
the prognosis. The weaning process of these patients is always 
challenging as it needs optimization of the fluid balance as well 
as the systolic-diastolic heart function monitoring, appropriate 
management of the sedation and gradual decrease of the 
ventilatory support. 

The aim of this presentation is to report a severe case of 
negative pressure pulmonary edema following adenoidectomy.
 
THE CASE

A twenty-one-year-old male patient, known case of obstructive 
sleep apnea presented to the Ear Nose and Throat clinic with 

a complaint of bilateral tinnitus. Enlarged adenoids were 
seen on fiber-optic scope and the patient had adenoidectomy 
and bilateral Grommet insertion under general anesthesia. 
Adenoidectomy was performed by suction cautery and 
hemostasis was achieved. The procedure was uneventful and 
the patient was well sedated during surgery. He was extubated 
after reversal of muscle relaxant. The patient was initially 
hemodynamically stable and maintaining patent airway and 
100% oxygen saturation. Five minutes later, he developed 
apnea and acute respiratory failure. Continuous Positive 
Airway Pressure (CPAP) ventilation was transiently applied 
and then the patient was re-intubated and started on mechanical 
ventilation. Frothy and pink secretion were suctioned from 
the endotracheal tube suggesting pulmonary edema. Chest 
auscultation revealed bilateral diffuse crackles. The diagnosis 
was confirmed by anteroposterior chest X-ray showing diffuse 
bilateral alveolar syndrome, see figure 1.
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Figure 1: Chest X-ray following Intubation Showing Bilateral 
Diffuse Alveolar Syndrome Suggesting Pulmonary Edema
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The patient was kept on mechanical ventilation with the 
volume-controlled mode, fractional inspiratory oxygen 
(FiO2) at 100% and Positive End Expiratory Pressure (PEEP) 
at 10 cmH2O. Plateau pressure was 30 cmH2O and the lung 
compliance was low. Arterial blood gases showed severe 
hypoxemia with a PaO2/FiO2 ratio at 48 mmHg. The right 
internal jugular venous catheter and radial arterial line were 
inserted. The patient was kept sedated with propofol and 
remifentanil infusion. 

Dopamine and noradrenaline infusion were started as the 
patient developed hypotension. Electrocardiogram revealed 
sinus tachycardia. Cardiac enzymes screening was negative. 
Urgent bedside echocardiogram revealed hyperdynamic 
wall motion, left ventricular ejection fraction at 65% 
and grade I diastolic dysfunction. After improvement of 
the hemodynamic condition, the patient was started on 
furosemide infusion targeting negative fluid balance. The 
patient was transferred to the intensive care unit (ICU) 
for further management. Vasopressors were decreased. 
Accordingly, weaning from mechanical ventilation was 
started. Propofol and remifentanil infusions were held and 
the patient was started on dexmedetomidine infusion which 
enabled successful weaning and extubation after 4 days of 
mechanical ventilation.  The patient was transferred to the 
ward after 7 days of ICU stay. 

DISCUSSION

Negative pressure pulmonary edema is a rare postoperative 
complication. The incidence reported in other studies 
was 0.094% in patients undergoing surgery under general 
anesthesia11,12. Although it frequently occurs in healthy 
individuals, several risk factors have been reported in the 
literature such as male gender, obesity, obstructive sleep 
apnoea and nasal surgery12,13. The clinical presentation 
is characterized by sudden onset of frothy secretion, 
acute respiratory failure and severe hypoxemia following 
laryngospasm6,14,15. This complication has been reported in 
only 0.1% of those patients who develop postoperative upper 
airway obstruction6.

It is commonly accepted that negative pressure pulmonary 
edema is a form of non-cardiogenic pulmonary edema13. 
However, recent studies suggest that the main mechanism 
leading to fluid accumulation in the extravascular lung spaces 
is an abrupt change in the pre and after load condition of the 
left ventricle6,7,10. In fact, the generation of respiratory effort 
against obstructed airway induces a deep fall of the pleural 
pressure from an average value of -4 cmH2O down to -140 
mmHg7,16. The effect of this excessive negative pressure on 
the heart cavities is an abrupt increase of the venous return to 
the right ventricle as well as an increase of the left ventricle 
afterload due to the increase of the left ventricle transmural 
pressure10. As a result, the hydrostatic capillary pulmonary 
pressure increases and transudative fluid accumulates in the 
extra-vascular pulmonary spaces7,10. These hemodynamic 
disturbances are aggravated by an adrenergic storm that 
induces further increase in the venous return via the peripheral 
vasoconstriction, see figure 26,7,10,14.

Several studies have assessed the protein concentration of the 
fluid edema in patients with presumed increased hydrostatic 
pulmonary pressure17,18. Although most of the patients had low 
protein concentration in the fluid edema, high protein levels 
were seen in patients with severe clinical presentations17,18. 
These findings suggest that the alveolocapillary membrane 
can be injured in case of the significant rise of the pulmonary 
hydrostatic pressure which might explain the unusual 
complicated clinical course of these patients18. 

Early diagnosis and prompt management are of paramount 
importance. The main pillars of the treatment are maintaining 
the patient airway, oxygen supply to correct the hypoxemia, 
applying positive airway pressure to reverse the left ventricle 
pre/after load and optimization of the fluid balance. Although 
applying positive pressure with the bag-mask is sufficient in 
most cases, severe cases usually need endotracheal intubation 
if the upper airway obstruction is not rapidly relieved6. For 
patients requiring intubation and mechanical ventilation, 
the sedation should be titrated to avoid patient-ventilator 
asynchronies. Diuretics have been also widely used in case of 
NPPE10. 

The outcome of patients with NPPE is favorable within 12 to 
48 hours7,14,19. However, severe cases such as our patient may 
have more complicated course with difficult weaning and even 
recurrent pulmonary edema13. To the best of our knowledge, 
using dexmedetomidine for weaning from mechanical 
ventilation has not previously reported in patients with negative 
pressure pulmonary edema. Dexmedetomidine is a highly 
selective α2-adrenoceptor agonist that has been increasingly 
used in critically-ill patients20. Recent studies highlighted 
the effectiveness of this drug in reducing the duration of 
mechanical ventilation in patients with difficult weaning21,22. 
Using dexmedetomidine enabled early weaning and extubation 
of our patient.

CONCLUSION

Negative pressure pulmonary edema is a rare postoperative 
complication seen in patients with severe and sudden upper 
airway obstruction. Early recognition is of paramount 
importance. Securing patent airway is life-saving. 
Oxygenation and applying positive pressure ventilation are 
the cornerstone of the treatment. All required investigations 

Figure 2: Physiopathology of Negative Pressure Pulmonary 
Edema
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should be performed to exclude other diagnosis that can 
induce pulmonary edema (ischemic heart disease, acute 
heart failure, etc). Although challenging, early weaning 
should be considered once the oxygenation improves. 
__________________________________________________

Authors contribution:  All authors share equal effort 
contribution towards (1): Substantial contribution to conception 
and design, acquisition, analysis and interpretation of data, 
(2) Drafting the article and revising it critically for important 
intellectual content (3): Final approval of manuscript version 
to be published. Yes.

Conflict of Interest: None. 			 

Competing Interest: None.

Sponsorship: None.

Acceptance Date: 8 September 2018.

Ethical Approval: Approved by the Research and Ethics, 
King Hamad University Hospital, Bahrain.

REFERENCES

1.	 Horng HC, Ho MT, Huang CH,  et al. Negative Pressure 
Pulmonary Edema Following Naloxone Administration in 
a Patient with Fentanyl-induced Respiratory Depression. 
Acta Anaesthesiol Taiwan, 2010; 48, 155-157.

2.	 Travis KW, Todres ID, Shannon DC. Pulmonary Edema 
Associated with Croup and Epiglottitis. Pediatrics 1977; 
59, 695-698.

3.	 Choi E, Yi J, Jeon Y. Negative Pressure Pulmonary Edema 
after Nasal Fracture Reduction in an Obese Female Patient: 
A Case Report. Int Med Case Rep J 2015; 8, 169-171.

4.	 Gorospe L, Crespo-Aliseda PA, Garcia Gomez-Muriel 
I, et al. Negative Pressure Pulmonary Edema following 
Cervical Disc Hernia Surgery. Med Clin (Barc) 2017; 149, 
280.

5.	 Pessanha LB, de Melo AM, Braga FS, et al. Acute Post-
Tonsillectomy Negative Pressure Pulmonary Edema. 
Radiol Bras 2015; 48, 197-198.

6.	 Bhattacharya M, Kallet RH, Ware LB, et al. Negative-
Pressure Pulmonary Edema. Chest 2016; 150, 927-933.

7.	 Udeshi A, Cantie SM, Pierre E. Postobstructive Pulmonary 
Edema. J Crit Care 2010; 25:508:e501-505.

8.	 Bhalotra AR. Negative Pressure Pulmonary Edema. 
Korean J Anesthesiol 2018; 71:71-72.

9.	 Herrick IA, Mahendran B, Penny FJ. Postobstructive 
Pulmonary Edema following Anesthesia. J Clin Anesth 
1990; 2:116-120.

10.	 Lemyze M, Mallat J. Understanding Negative Pressure 
Pulmonary Edema. Intensive Care Med 2014; 40:1140-
1143.

11.	 Shigematsu H, Yoneda M, Tanaka Y. Negative pressure 
Pulmonary Edema Associated with Anterior Cervical 
Spine Surgery. Asian Spine J 2014; 8: 827-830.

12.	 Deepika K, Kenaan CA, Barrocas AM, et al. Negative 
Pressure Pulmonary Edema after Acute Upper Airway 
Obstruction. J Clin Anesth 1997; 9:403-408.

13.	 Pathak V, Rendon IS, Ciubotaru RL. Recurrent Negative 
Pressure Pulmonary Edema. Clin Med  Res 2011; 9:88-91.

14.	 Krodel DJ, Bittner EA, Abdulnour RE, et al. Negative 
Pressure Pulmonary Edema following Bronchospasm. 
Chest 2011; 140:1351-1354.

15.	 Vogt JF, Krombach GA, Wittekindt C, et al. Negative 
Pressure Pulmonary Edema after Peritonsillar Abscess 
Tonsillectomy. Hno 2015; 63:373-375.

16.	 Guffin TN, Har-el G, Sanders A, et al. Acute Postobstructive 
Pulmonary Edema. Otolaryngol Head Neck Surg 1995; 
112:235-237.

17.	 Verghese GM, Ware LB, Matthay BA, et al. Alveolar 
Epithelial Fluid Transport and the Resolution of Clinically 
Severe Hydrostatic Pulmonary Edema. J Appl Physiol   
1999; 87:1301-1312.

18.	 Ware LB, Fremont RD, Bastarache, JA et al. Determining 
the Aetiology of Pulmonary Oedema by the Oedema 
Fluid-to-Plasma Protein Ratio. Eur Respir J 2010; 35:331-
337.

19.	 Medford AR. Negative Pressure Pulmonary Edema: 
Consider Undiagnosed Obstructive Sleep Apnea Too. 
Chest 2012; 141:1365.

20.	 Keating GM. Dexmedetomidine: A Review of Its Use for 
Sedation in the Intensive Care Setting. Drugs 2015; 75: 
1119-1130.

21.	 Chen K, Lu Z, Xin YC, et al. Alpha-2 Agonists for 
Long-Term Sedation during Mechanical Ventilation in 
Critically Ill Patients. Cochrane Database Syst Rev 2015; 
1: Cd010269.

22.	 Jakob SM, Ruokonen E, Grounds RM, et al. 
Dexmedetomidine vs Midazolam or Propofol for 
Sedation During Prolonged Mechanical Ventilation: Two 
Randomized Controlled Trials. JAMA 2012; 307: 1151-
1160.


