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Ab s t r ac t​
High-flow nasal cannula (HFNC) therapy has been established as a promising oxygen treatment with various advantages for respiratory mechanics. 
One of the main mechanisms is to provide positive airway pressure. This effect could reduce lung injury and improve oxygenation; conversely, it 
may cause a complication of positive pressure ventilation. However, data are scarce regarding the possible adverse effects, particularly in adults. 
We report a patient who developed HFNC-induced tension pneumocephalus from an unrecognized skull base fracture. Physicians should be 
cautious when applying HFNC to patients with suspected skull base or paranasal sinus fracture, especially when applying a higher flow rate.
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Bac kg r o u n d​
High-flow nasal cannula oxygen therapy (HFNC) has recently been 
widely used in adults. Previous studies1–3 have demonstrated 
its beneficial effects, including avoiding mechanical ventilation 
(MV) for acute hypoxemic respiratory failure and preventing 
postextubation respiratory failure. One of the main mechanisms 
of HFNC is that it provides positive airway pressure,4 thus leading 
to enhanced dynamic compliance, reduced opening/closing injury 
and diaphragmatic loading, and/or improvement of ventilation/
perfusion mismatch. This effect could facilitate reduced lung injury 
and improved oxygenation; conversely, it may cause a complication 
of positive pressure ventilation. However, data are scarce regarding 
the possible adverse effects of HFNC in relation to positive pressure 
ventilation, particularly in adults; these data have not been 
previously reported in the literature. Tension pneumocephalus is 
a neurosurgical emergency caused by accumulation of air, leading 
to increased intracranial pressure;5 it is an uncommon complication 
of positive pressure ventilation. Here, we report a patient who 
developed HFNC-induced tension pneumocephalus from an 
unrecognized skull base fracture.

Ca s e​ De s c r i p t i o n​
A 69-year-old man was admitted to a medical intensive care unit 
in a teaching hospital with a 3 day history of cough and sputum, 
accompanied by the onset of fever and drowsy mental status. 
He had a history of traumatic intracranial, epidural, and subdural 
hemorrhage, due to an accidental fall 7 months prior. He had 
undergone right craniectomy and was placed a ventriculoperitoneal 
(VP) shunt, due to posttraumatic hydrocephalus. Four months 
prior to hospital admission, he underwent intensive rehabilitation 
treatment. He was able to communicate with others in a basic 
manner, walk with a walker, and feed himself. Recently, 1 week prior 
to admission, he became drowsy after ingesting an antipsychotic 
medication used to treat his aggressive behaviors. During this 
episode of drowsiness, he experienced an aspiration event while 
eating. Subsequently, he developed respiratory symptoms and 
exhibited deteriorating mental status.

Upon admission, chest radiography showed a focal infiltrate at 
the patient’s left lower lung field and chest computed tomography 
(CT) demonstrated consolidation with air bronchogram at the left 

lower lobe (LLL) posterior basal segment, as well as suspected 
aspirated materials at the left upper lobe bronchus and LLL 
segmental bronchus (Fig. 1). These observations were accompanied 
by the appearance of food particles in his esophagus, suggesting 
that his pneumonia was aspiration-induced. For the evaluation 
of his drowsy mentality, the patient underwent a brain CT scan, 
which demonstrated no notable findings, except his previously 
inserted VP shunt and focal encephalomalacic changes in the right 
frontal lobe. We thus determined that his mental change was due 
to pneumonia-induced sepsis.

The patient’s initial oxygen partial pressure (PaO2) and oxygen 
saturation (SaO2) were 43.9 mm Hg and 79.4% on 5 L/minute oxygen 
via nasal cannula, respectively; his initial respiratory rate (RR) was 24 
breaths/minute, and his respiration did not appear uncomfortable. 
He underwent high-flow nasal oxygen therapy with a fraction of 
inspired oxygen (FiO2) of 0.5, with a flow of 50 L/minute, followed 
by gradually increasing flow to 60 L/minute and decreasing FiO2 
to 0.4. His SpO2 was maintained at 93–97%, and his RR was 22–26 
breaths/minute, with a comfortable respiration. However, during 
the following 24 hours, the patient developed repeated sudden 
desaturation; he then underwent endotracheal intubation and 
MV. His desaturation was considered due to airway secretion. Two 
days later, the patient underwent attempted weaning from MV. 
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He was unable to effectively expectorate his airway secretions, but 
the volume of secretions greatly decreased and he achieved an 
alert mental status. Then, he was extubated and again underwent 
HFNC to prevent postextubation respiratory failure. His HFNC was 
maintained at an FiO2 of 0.4 and flow of 50 L/minute, with an SpO2 
of 93–100%. Twenty-four hours later, he was transferred to the 
general ward. Then, the setting of HFNC was changed to a flow of 
40 L/minute with an FiO2 of 0.4.

On the second day at the general ward, 28 hours after discharge 
from ICU, the patient’s mentation became drowsy and he finally 
declined into a state of stupor. He underwent an additional brain 
CT scan, which demonstrated newly apparent pneumocephalus 
with midline shifting and near-collapse of the left ventricle, 
accompanied by a Mount Fuji sign; this was indicative of tension 
pneumocephalus (Fig. 2A). His HFNC was stopped and changed 
to a simple nasal cannula. A follow-up brain CT scan, 12 hours 
later, indicated that his pneumocephalus had slightly decreased. 
To determine the source of the pneumocephalus, the patient also 
underwent a facial bone CT scan, which suggested skull base 
fractures located at the right frontal and ethmoidal sinuses (Fig. 2B). 
These CT findings implied that positive pressure was applied into 
the intracranial space via these openings. Thus, we suspected 
that the patient’s postextubation HFNC caused positive pressure 
ventilation, which led to pneumocephalus through the skull base 
fractures from his previous trauma. The openings of the fractures 
might have served as a pressure valve, facilitating the onset of 
tension pneumocephalus. His mental status gradually improved 
from stupor to drowsy, without specific treatment. After 1 week, a 
follow-up brain CT showed markedly decreased pneumocephalus 
and improved midline shifting and left ventricle structure (Fig. 3A). 
Notably, the patient’s pneumocephalus nearly resolved after 
20 days (Fig. 3B). However, he continued to experience difficulties 
in expectorating his airway secretions and finally underwent 
tracheostomy. His mental status improved and was maintained 
for the following 40 days. Then, he experienced a sudden decline 
in mental status, returning to a state of stupor. Unfortunately, he 
had developed an intracranial infection, which was likely caused 
by intracranial fluid collection where the pneumocephalus had 
permitted communication with paranasal sinuses. The patient 

eventually underwent craniotomy for drainage; however, his mental 
status did not fully recover.

Di s c u s s i o n a n d​ Co n c lu s i o n​
T his  c as e  d e m o ns tr ate d that  H FN C- in du ce d te nsi o n 
pneumocephalus in a patient with a previous traumatic skull base 
fracture. This is the first such case report in an adult patient, which 
highlights the need for consideration of the current common use 
of HFNC. High-flow oxygen therapy rapidly has become a new and 
effective oxygen delivery system, providing heated and humidified 
high-flow oxygen. Its ease of application has made it commonly 
used worldwide. However, thus far, its contraindications and 
complications are not known yet in adults. Our case may provide 
an important precedent for performing more careful application 
of HFNC and assessment of its safety in adults.

Pneumocephalus is defined as the presence of gas within 
any of the intracranial compartments of the cranial vault. It is 
typically associated with disruption of the skull after head and 
facial trauma6 and can result in a life-threatening condition, such 
as tension pneumocephalus. In some cases, positive pressure 
ventilation can lead to pneumocephalus. The first reported case 
was published in 1979;7 in that case, pneumocephalus was induced 
by the use of an oxygen-powered resuscitator with a face mask, in 
a patient suspected of skull fracture. Continuous positive airway 
pressure via nasal or facial mask also led to pneumocephalus 
in adult patients with facial trauma or unrecognized skull base 
fracture, respectively.8,9 Further, positive mask ventilation resulted 
in pneumocephalus during induction of anesthesia or rapid 
sequence intubation in adults with head trauma.10–12 Notably, brief 
usage of mouth to mouth ventilation during resuscitation caused 
pneumocephalus in a patient with a paranasal sinus fracture. 
Literature search results demonstrate that, in adult patients, all 
cases of pneumocephalus related to positive pressure ventilation 
have been associated with a history of head trauma. Tension 
pneumocephalus was reported in only one case, caused by bag-
mask ventilation in a patient with a skull base fracture.13 However, 
thus far, there has been no report of pneumocephalus related to 
HFNC in adults. In contrast, in pediatric patients, even in cases with 
no evidence of head trauma or skull fracture, HFNC therapy has been 

Fig. 1: Initial chest radiography (left) and chest CT (right). A consolidation with air bronchograms at left lower lobe with suspected aspirated 
materials at left upper and lower lobar bronchus
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shown to induce pneumocephalus;14,15 this included the occurrence 
of tension pneumocephalus in a neonate.16 These reports suggested 
that although there was no definite bony defect, pneumocephalus 
may have developed through an open communication in more 
fragile areas of the skull base.16 As a result, in pediatric patients, 
even lower levels of positive pressure delivered by HFNC made 
an air leak to the intracranial space via their inherent fragile bone 
crack, whereas in adult patients, it is difficult to occur if their skull 
base would be intact. The present case demonstrated that if the 
skull base fracture existed, the lower level of positive pressure used 
in HFNC could lead to life-threatening tension pneumocephalus. 
It suggests caution regarding the current rapidly increasing use of 
HFNC worldwide as an effective respiratory support device.

The optimal flow rate of HFNC therapy is not yet definitely 
known; it is recommended to set the flow rate depending on the 
patient’s flow and oxygen demand and severity of respiratory 
distress.17 An oxygen flow of HFNC ≥30 L/minute typically provides 
positive airway pressure;18 with greater flow, FiO2 is increasingly 
augmented, up to 60 L/minute.17 Our patient underwent 

relatively high flows of 40–60 L/minute during his admission and 
postextubation periods, although these were set according to his 
respiratory demand. He did not exhibit mouth-opening breath; 
thus, he was estimated to receive positive airway pressure from 
2 cm H2O to maximal 5 cm H2O.19 These levels of pressure likely 
induced the “ball-valve mechanism” in his unrecognized skull base 
fracture. Interestingly, the possibility of HFNC therapy as a treatment 
for perioperative pneumocephalus was recently reported.20 In that 
report, 3 patients who exhibited postoperative pneumocephalus 
underwent lower levels of flow rate, such as 20–30 L/minute and 
high FiO2 of 1.0. Although these patients had definite postoperative 
skull defects, no complications of positive pressure ventilation 
occurred. Rather, the patients experienced beneficial effects, in 
that their postoperative pneumocephalus was absorbed sooner 
than expected. It is possible that the lower flow setting of HFNC 
was not sufficient to generate enough positive pressure to worsen 
their existing pneumocephalus. Thus, they were able to use higher 
FiO2 and flow, which enabled their pneumocephalus to be removed 
faster than might have been achieved with the conventional oxygen 

Figs 2A and B: Initial brain CT images: (A) His initial brain CT image shows the Mount Fuji sign indicative of tension pneumocephalus (left); (B) 
Previously unrecognized his skull base fractures located at the right frontal and ethmoidal sinuses (right)

Figs 3A and B: His subsequent brain CT images: (A) Significantly improved tension pneumocephalus one week after stopping high-flow nasal 
cannula (left); (B) Completely resolved pneumocephalus after 20 days (right)
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delivery system. Thus, proper control of flow rate may be the most 
critical aspect of proper use of HFNC, when applying the technique 
to patients with suspected or confirmed skull base fracture.

In conclusion, HFNC therapy has been established as a beneficial 
and promising oxygen treatment with various advantages for 
respiratory mechanics. Its extent of use and indications will continue 
to expand. However, in adults, physicians should be cautious when 
applying HFNC to patients with suspected skull base or paranasal 
sinus fracture, especially when applying a higher flow rate. Although 
tension pneumocephalus is a rare complication of positive pressure 
ventilation, it could be a life-threatening condition; thus, close 
observation should be required for newly developed neurologic 
symptoms or signs in patients with a history of head trauma. Data 
regarding possible adverse effects related to the use of HFNC 
should be consistently gathered, which may ultimately facilitate 
the establishment of practice guidelines for the proper application 
of HFNC therapy.

Cl i n i c a l​ Si g n i f i c a n c e​
This is the first report of high-flow nasal cannula therapy-related 
tension pneumocephalus which highlights the risk of using the 
new high-flow oxygen therapy in adult patients who have a history 
of head trauma.

Co n s e n t to​ Pu b l i c at i o n​
We obtained consent to publish from the legal surrogate of the 
patient to report the patient data. This report was written after 
the patient died.

Et h i c s​ Ap p r ova l a n d​ Co n s e n t to​ 
Pa r t i c i pat e​
The Inje University Sanggye Paik Hospital Institutional Review Board 
approved this study (study number 2020-01-011) and waived the 
need for informed consent. This report had no impact on patient 
treatment.
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