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Abstract
Negative-pressure pulmonary edema (NPPE) arises from excessive inspiratory effort due to upper airway
obstruction, often associated with postoperative laryngospasm and upper airway infections like epiglottitis.
We present a case of NPPE during bronchoscopy. A 45-year-old female patient, who was undergoing
bronchoscopy for interstitial pneumonia evaluation, was examined using a tracheal tube with a 7.5 mm
internal diameter and a bronchoscope with a 5.9 mm external diameter. The patient's respiratory condition
gradually worsened after intubation. We continued with the examination, supplying approximately 5 L/min
of oxygen through the intubation tube. We performed an alveolar lavage, and the recovered fluid gradually
turned pale and bloody. After the examination, the patient continued to expectorate pink and frothy sputum
and prolonged respiratory failure. Chest radiography revealed new extensive bilateral infiltrates. We ruled
out cardiogenic causes through clinical examination, electrocardiogram (ECG), and transthoracic
echocardiography. As a result, we suspected that temporary upper airway obstruction during bronchoscopy
led to NPPE. Applying continuous positive airway pressure (CPAP) quickly improved the pulmonary edema.
The risk of NPPE during bronchoscopy needs to be acknowledged, especially when using larger
bronchoscopes and smaller tracheal tubes.
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Introduction
Negative-pressure pulmonary edema (NPPE) is a condition in which upper airway obstruction results in
excessive inspiratory effort and negative pressure in the chest cavity, leading to pulmonary edema [1]. This
condition usually occurs after acute upper airway obstruction, often associated with anesthesia or
postoperative laryngospasm [2]. Strong inspiratory effort against a closed glottis or obstructed airway causes
increased negative intrathoracic pressure. This can lead to increased pulmonary vascular permeability and
interstitial fluid accumulation. The condition typically manifests as acute respiratory distress, often
accompanied by pink frothy sputum and bilateral infiltrates on chest imaging. Standard treatment includes
airway clearance and positive-pressure ventilation, which is efficient [3]. However, delayed treatment of
NPPE can lead to fatal outcomes [4]. There have been reports of NPPE associated with postoperative
laryngospasm, but there are only a few reports on the occurrence of NPPE during bronchoscopy. Considering
the pathogenesis of NPPE, it is assumed that bronchoscopy can also lead to temporary tracheal narrowing.

We report a case of NPPE that occurred during a flexible bronchoscopy procedure. The patient was a 45-
year-old woman with no significant medical history who underwent bronchoalveolar lavage to investigate
suspected interstitial pneumonia. Blood tests for various autoimmune markers were negative, and all
hematological parameters, including coagulation factors, were within normal ranges.

Case Presentation
A 45-year-old woman, measuring 162 cm in height and 59 kg in weight, was suspected of having interstitial
pneumonia due to frost shadows observed in the lower lung fields during a routine checkup (Figure 1). To
investigate further, she was admitted to the hospital for an alveolar lavage. She had no history of
cardiorespiratory diseases, gastroesophageal reflux, medication use, surgeries, or allergies. Blood tests for
antinuclear antibodies, anti-double-stranded DNA antibodies, myeloperoxidase-antineutrophil cytoplasmic
antibodies (MPO-ANCA), proteinase-3-anti-neutrophil cytoplasmic antibodies (PR3-ANCA), and anti-
glomerular basement membrane antibodies were all negative. Hematocrit and white blood cell count were
within normal ranges. In addition, the platelet count and coagulation parameters, including prothrombin
time and activated partial thromboplastin time, were all found to be normal. 
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FIGURE 1: Chest X-ray and computed tomography before the
bronchoscopy. There is ground-glass opacity in the bilateral lower lung
fields (A). There are few lesions on the upper lobe (B). Both sides'
middle and lower parts show ground-glass opacity, some with traction
bronchiectasis. (C). Each red arrow indicates lesions associated with
interstitial pneumonia.

Before the bronchoscopy, she was administered a 15 mg intramuscular injection of pentazocine and
laryngeal anesthesia with lidocaine. During the examination, she was given 3 mg of midazolam
intravenously. We confirmed the patient was sedated yet breathing spontaneously and then started the
examination. We used a bronchoscope (Q290 video bronchoscope; external diameter, 5.9 mm; Olympus,
Tokyo, Japan) for the bronchoalveolar lavage and intubated her with a 7.5 mm inner diameter endotracheal
tube (Portex® Soft Seal Cuffed Endotracheal Tube; external diameter, 10.9 mm; Smiths Medical,
Minneapolis, MN, USA). The tube had a cuff, but it was not inflated with air.

The patient had a strong cough during the examination due to bronchoscopy irritation. To manage this,
lidocaine was applied inside the trachea via bronchoscope (spray-as-you-go technique [5]) as needed while
the examination continued. No abnormal findings were observed in the trachea, and the sputum was
minimal and serous in nature. After intubation, respiratory failure occurred, necessitating an increase in
oxygen supply to approximately 5 L/min. The patient's strong cough, which interfered with normal
spontaneous breathing, was thought to be the cause of her respiratory failure. We administered lidocaine via
bronchoscope to alleviate the cough and waited for breathing to normalize. After a while, the coughing
subsided and the breathing pattern returned to normal. We decided to continue the examination while
administering oxygen at 5 L/min.

The lavage was performed on the RB4. We injected 50 ml of saline aliquots using syringes, manually
aspirating the fluid after each injection. This process was repeated three times. When 100 ml of saline was
injected during the alveolar lavage, it appeared serous and clear. However, after administering 50 ml more of
saline, the fluid became pale and bloody, as shown in Figure 2. Finally, a total of 108 ml of alveolar lavage
fluid was collected.

FIGURE 2: Photographs before and after alveolar lavage and alveolar
lavage fluid. The right middle lobe before alveolar lavage (A).
Hematogenous exudate was seen after alveolar lavage (B).
Hematogenous alveolar lavage fluid (C).

By the end of the lavage, the patient required an oxygen supply of 10 L/min. We hypothesized that the
respiratory failure was due to respiratory depression, a side effect of the sedation. Consequently, we
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promptly finished the examination and administered flumazenil. The patient regained consciousness and
her breathing pattern returned to normal. She was able to speak normally without a hoarse voice. Her
oxygen requirement was reduced to 8 L/min, but she still exhibited signs of respiratory failure. In addition,
she continued to expectorate pink and frothy sputum and presented with diffuse bilateral moist rales. To
identify the cause of her symptoms, we conducted a chest X-ray, which revealed extensive bilateral
infiltrative shadows. The computed tomography (CT) scan revealed new bilateral infiltrates, primarily
central in location, and multiple patchy densities across both lungs (Figure 3). We suspected pulmonary
edema and considered the possibility of cardiogenic factors. However, echocardiography excluded primary
heart issues as the cause.

FIGURE 3: Chest X-ray and computed tomography after the
bronchoscopy. Chest X-ray shows bilateral diffuse infiltrative shadows
(A). The computed tomography reveals new bilateral infiltrates, primarily
central in location. It also shows thickening of the interlobular septa
and patchy shadows (B,C). Each red arrow indicates new ground-glass
opacity.

Therefore, we suspected NPPE, likely caused by temporary upper airway obstruction during the
bronchoscopy, and applied CPAP at 8 cmH2O with a fractional inspired oxygen (FiO2) of 0.4. This

intervention rapidly improved her respiratory condition. Two hours later, we decreased the FiO2 in the CPAP

to 0.3. Twelve hours after starting CPAP, she was able to wean off it and was transitioned to a nasal cannula
delivering 2 L/min of oxygen. By the fourth day after the examination, her respiratory status had normalized.
Chest X-rays showed gradual improvements (Figure 4).

FIGURE 4: Chest X-ray one day after bronchoscopy (A) and two days
after bronchoscopy (B).

The results of bronchoalveolar lavage revealed a lymphocyte-predominant cellular profile, with
lymphocytes accounting for 32.0% of the cells. The distribution of other cell types was as follows:
macrophages (61.0%), neutrophils (5.0%), and eosinophils (2.0%). In addition, the CD4/CD8 ratio was 2.0.

Discussion
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NPPE can occur during bronchoscopy, particularly when larger bronchoscopes and smaller tracheal tubes are
used. When NPPE is suspected, it is recommended to promptly initiate positive pressure ventilation. Sharing
our experience aims to improve patient safety in bronchoscopy by increasing awareness among healthcare
professionals.

NPPE is a result of excessive inspiratory effort due to upper airway obstruction, which leads to pulmonary
edema from negative thoracic pressure [1]. It is often associated with postoperative laryngospasm, upper
respiratory tract infections, and airway obstruction from tumors [6]. Out of 74,770 bronchoscopy procedures,
two cases of pulmonary edema as complications have been reported, although the specifics of these cases
are not documented [7]. There is a case report that NPPE occurred during bronchoscopy [8]. In this instance,
the inflammatory reaction associated with a mycoplasma infection was also considered a cause of
pulmonary edema. Therefore, despite the limited number of reports, it is plausible that NPPE may occur
during bronchoscopy, particularly when larger bronchoscopes and smaller tracheal tubes are used. In the
aforementioned case [8], a tracheal tube with a 7.5 mm inner diameter and a bronchoscope with a 4 mm
outer diameter at the tip. In our case, we used a tracheal tube with an inner diameter of 7.5 mm and a
bronchoscope with an outer diameter of 5.9 mm. The patient was a petite woman, making the insertion of an
8 mm tracheal tube challenging. Therefore, we used a 7.5 mm tube. This resulted in an open but narrow
lumen. Considering the external dimensions of the tracheal tube, its outer diameter is 10.2 mm. Compared
to the average inner diameter of the trachea in women, which is 11.6 mm [9], this indicates a similarly
narrow space. It is conceivable that such narrow spaces could have been temporarily obstructed by sputum,
and furthermore, the strong inspiratory pressure associated with coughing could have led to NPPE. Men may
be at relatively low risk, given that the average inner diameter of the trachea is 12.6 mm [9]. As noted in the
guidelines, it is recommended that the bronchoscope be at least 2 mm larger than the tracheal tube when
used [10].  

Coughing may also have contributed to the development of negative pressure pulmonary edema in the
present case. During a cough, there is initially a deep inspiration. If there is any obstruction or resistance in
the upper airway during the inspiratory phase of coughing, an even stronger negative intrathoracic pressure
can be generated as the person attempts to inhale forcefully against this resistance. The strong negative
intrathoracic pressure created during forceful inhalation against resistance can lead to NPPE.

The gradual change of sputum to a foamy pink color during bronchoalveolar lavage and even hemoptysis
after the examination was completed, as in the present case, may have been caused by alveolar hemorrhage
in addition to NPPE. This observation is consistent with the findings reported by Papaioannou et al.
[11] who noted that hemoptysis due to NPPE, which occurs during upper airway obstruction, such as
laryngospasm, may be caused by negative pressure tracheobronchial injury or alveolar capillary destruction.
Indeed, alveolar hemorrhage secondary to NPPE has been reported in the literature [12], suggesting that it
could be a potential complication in such cases.

Factors for differentiation in this case include laryngospasm, alveolar hemorrhage caused by vasculitis or
collagen disease, and acute exacerbation in interstitial lung disease (AE-ILD). Although laryngospasm
associated with bronchoscopy has been reported [13] ,it was ruled out in the present case as the patient did
not exhibit inspiratory stridor as seen in laryngospasm and was able to speak. The possibility of alveolar
hemorrhage secondary to vasculitis or collagen disease was considered but deemed unlikely based on
negative results from comprehensive screening blood tests and physical examination. The patient was not
taking any oral medications, ruling out drug-related factors. In addition, platelet count and coagulation
capacity were normal before the bronchoscopy. Although aminoacyl-tRNA synthetases are positive, it is
atypical that occur alveolar hemorrhage [14]. The diagnosis of AE-ILD is often difficult to confirm and must
be considered after the exclusion of differential diagnoses [15]. In the current clinical setting, quickly
identifying the exact condition is not critical. Immediate action is vital for life-saving interventions. When
non-cardiogenic pulmonary edema is diagnosed, it is important to swiftly initiate positive pressure
ventilation therapy. While treating pulmonary edema, we can simultaneously diagnose and manage the
underlying cause without delay [16]. Recovery is usually rapid and within 12-48 hours with appropriate
management [1]. However, mortality rates range from 11% to 40% when diagnosis and treatment are delayed
[4]. In the present case, interstitial pneumonia was ruled out due to early improvement.

To prevent the occurrence of NPPE during bronchoscopy, as seen in this case, it is crucial to use larger
tracheal tubes and smaller bronchoscopes. Furthermore, adequate sedation is also important to prevent
coughing, which was a factor in the development of NPPE in the present case. As recommended in the
guidelines [10], a combination of midazolam or propofol with an opioid is preferred over using either
medication alone. In addition, the use of dextromethorphan has been reported to reduce coughing and
sputum production during the procedure [17], suggesting that it could be a valuable addition to the sedation
protocol. These approaches can potentially enhance patient comfort and safety during bronchoscopy.

Conclusions
The risk of NPPE during bronchoscopy should be recognized, particularly when a larger bronchoscope and
smaller tracheal tube are used. In addition, the risk is considered higher in female patients with relatively
narrow tracheas. It is crucial to treat NPPE quickly to avoid fatal outcomes. When suspected, early
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application of positive pressure ventilation such as CPAP is essential. To prevent NPPE, it is recommended
to administer adequate sedation or laryngeal anesthesia during the examination and perform sputum
suctioning when necessary, in order to prevent the induction of coughing or inhalation efforts.

This case suggests that NPPE can occur in situations beyond postoperative laryngospasm and upper airway
infections. Sharing this experience aims to increase awareness and preparedness among healthcare
professionals, which could lead to improved patient safety and outcomes in bronchoscopy and related
procedures.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Kento Furukawa, Yuta Nagahisa, Keiichiro Takano, Hirofumi Chiba, Yuichiro Asai

Acquisition, analysis, or interpretation of data:  Kento Furukawa, Yuta Nagahisa, Keiichiro Takano,
Hirofumi Chiba, Yuichiro Asai

Drafting of the manuscript:  Kento Furukawa

Critical review of the manuscript for important intellectual content:  Kento Furukawa, Yuta Nagahisa,
Keiichiro Takano, Hirofumi Chiba, Yuichiro Asai

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Lemyze M, Mallat J: Understanding negative pressure pulmonary edema. Intensive Care Med. 2014, 40:1140-

3. 10.1007/s00134-014-3307-7
2. Udeshi A, Cantie SM, Pierre E: Postobstructive pulmonary edema. J Crit Care. 2010, 25:508.e1-5.

10.1016/j.jcrc.2009.12.014
3. Bhattacharya M, Kallet RH, Ware LB, Matthay MA: Negative-pressure pulmonary edema. Chest. 2016,

150:927-33. 10.1016/j.chest.2016.03.043
4. Bhaskar B, Fraser JF: Negative pressure pulmonary edema revisited: pathophysiology and review of

management. Saudi J Anaesth. 2011, 5:308-13. 10.4103/1658-354X.84108
5. Chen C, Wen D, Wang Y, Li H, Yu Q, Li M: A spray-as-you-go airway topical anesthesia attenuates

cardiovascular responses for double-lumen tube tracheal intubation. BMC Anesthesiol. 2022, 22:203.
10.1186/s12871-022-01749-8

6. Ma J, Liu T, Wang Q, et al.: Negative pressure pulmonary edema (Review). Exp Ther Med. 2023, 26:455.
10.3892/etm.2023.12154

7. Niwa H, Tanahashi M, Kondo T, et al.: Bronchoscopy in Japan: a survey by the Japan Society for Respiratory
Endoscopy in 2006. Respirology. 2009, 14:282-9. 10.1111/j.1440-1843.2008.01463.x

8. Hashimoto M, Takahashi M, Hasegawa Y, Honda Y: A case of pulmonary edema following bronchoscopy in a
patient with Mycoplasma pneumonia [Article in Japanese]. Bronchology. 2013, 35:66-70.
10.18907/jjsre.35.1_66

9. Karmali S, Rose P: Tracheal tube size in adults undergoing elective surgery - a narrative review .
Anaesthesia. 2020, 75:1529-39. 10.1111/anae.15041

10. Mohan A, Madan K, Hadda V, et al.: Guidelines for diagnostic flexible bronchoscopy in adults: Joint Indian
Chest Society/National College of chest physicians (I)/Indian association for bronchology recommendations.
Lung India. 2019, 36:S37-89. 10.4103/lungindia.lungindia_108_19

11. Papaioannou V, Terzi I, Dragoumanis C, Pneumatikos I: Negative-pressure acute tracheobronchial
hemorrhage and pulmonary edema. J Anesth. 2009, 23:417-20. 10.1007/s00540-009-0757-0

12. Contou D, Voiriot G, Djibré M, Labbé V, Fartoukh M, Parrot A: Clinical features of patients with diffuse
alveolar hemorrhage due to negative-pressure pulmonary edema. Lung. 2017, 195:477-87. 10.1007/s00408-
017-0011-8

13. Stahl DL, Richard KM, Papadimos TJ: Complications of bronchoscopy: a concise synopsis . Int J Crit Illn Inj
Sci. 2015, 5:189-95. 10.4103/2229-5151.164995

14. Arai N, Takasaki T, Bando M, Yaoita K, Iijima A, Hagiwara K: A case of diffuse alveolar hemorrhage with
positivity for anti-ARS antibody. Nihon Kokyuki Gakkai Zasshi. 12:302-6.

15. Leuschner G, Behr J: Acute exacerbation in interstitial lung disease . Front Med (Lausanne). 2017, 4:176.

 

2024 Furukawa et al. Cureus 16(7): e64352. DOI 10.7759/cureus.64352 5 of 6

https://dx.doi.org/10.1007/s00134-014-3307-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00134-014-3307-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jcrc.2009.12.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jcrc.2009.12.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.chest.2016.03.043?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.chest.2016.03.043?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/1658-354X.84108?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/1658-354X.84108?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12871-022-01749-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12871-022-01749-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3892/etm.2023.12154?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3892/etm.2023.12154?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1440-1843.2008.01463.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1440-1843.2008.01463.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18907/jjsre.35.1_66?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18907/jjsre.35.1_66?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/anae.15041?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/anae.15041?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/lungindia.lungindia_108_19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/lungindia.lungindia_108_19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00540-009-0757-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00540-009-0757-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00408-017-0011-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00408-017-0011-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/2229-5151.164995?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/2229-5151.164995?utm_medium=email&utm_source=transaction
http://journal.jrs.or.jp/detail_e.php?-DB=jrs&-action=browse&-recid=18185&utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fmed.2017.00176?utm_medium=email&utm_source=transaction


10.3389/fmed.2017.00176
16. Nakata T, Makino H, Kato T, et al.: A successful case of negative pressure pulmonary edema treated with

short-term continuous positive airway pressure therapy [Article in Japanese]. Nihon Naika Gakkai Zasshi.
2015, 104:2206-11.

17. Schwarz Y, Greif J, Lurie O, Tarrasch R, Weinbroum AA: Dextromethorphan premedication reduces
midazolam requirement: objective and subjective parameters in peribronchoscopy. Respiration. 2007,
74:314-9. 10.1159/000099334

 

2024 Furukawa et al. Cureus 16(7): e64352. DOI 10.7759/cureus.64352 6 of 6

https://dx.doi.org/10.3389/fmed.2017.00176?utm_medium=email&utm_source=transaction
https://europepmc.org/article/med/30161318?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000099334?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000099334?utm_medium=email&utm_source=transaction

	Negative-Pressure Pulmonary Edema Induced by Flexible Bronchoscopy: A Case Report
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Chest X-ray and computed tomography before the bronchoscopy. There is ground-glass opacity in the bilateral lower lung fields (A). There are few lesions on the upper lobe (B). Both sides' middle and lower parts show ground-glass opacity, some with traction bronchiectasis. (C). Each red arrow indicates lesions associated with interstitial pneumonia.
	FIGURE 2: Photographs before and after alveolar lavage and alveolar lavage fluid. The right middle lobe before alveolar lavage (A). Hematogenous exudate was seen after alveolar lavage (B). Hematogenous alveolar lavage fluid (C).
	FIGURE 3: Chest X-ray and computed tomography after the bronchoscopy. Chest X-ray shows bilateral diffuse infiltrative shadows (A). The computed tomography reveals new bilateral infiltrates, primarily central in location. It also shows thickening of the interlobular septa and patchy shadows (B,C). Each red arrow indicates new ground-glass opacity.
	FIGURE 4: Chest X-ray one day after bronchoscopy (A) and two days after bronchoscopy (B).

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


