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ABStRACt

Unusual complications of non-invasive mechanical ventilation (NIV) and 
high-flow nasal cannula (HFNC): A systematic review

The first application of modern non-invasive mechanical ventilation (NIV) can 
be traced back to over 30 years ago when a patient suffering from Duchenne 
Muscular Dystrophy was successfully ventilated. Since then, the use of NIV 
has been on the rise throughout the world. Although a very modern and safe 
therapy, complications during its application are inevitable. In addition to 
some well-known complications, others have described more rare entities. In 
this article, we described such rare complications as pneumoperitoneum, 
pneumocephalus, parotitis, gastric perforation, and barotrauma. The purpose 
of this review was to describe unusual complications of NIV, their prevalence, 
and the mechanisms by which such complications arise. We performed a cli-
nical review by searching PubMed, Embase, and Cochrane libraries with Mesh 
terms: ‘non-invasive mechanical ventilation’, ‘high-flow nasal cannula’, ‘rare 
complication’, ‘unusual complication’, and ‘unexpected complication’. These 
terms were cross-referenced with other keywords: ‘pneumoperitoneum’, 
‘parotitis’, ‘pneumocephalus’, ‘gastric insufflation’, and ‘barotrauma’. We inclu-
ded 26 research papers. When applying mechanical ventilation, it is necessary 
to have a strong knowledge of the mechanics of the device as well as familia-
rity with the complications that may occur during its use, including less com-
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INtRODUCtION

Non-invasive mechanical ventilation (NIV) of the 
lung is defined as ventilatory support that is achieved 
via positive airway pressure, without the use of an 
endotracheal tube, laryngeal mask, or endotracheal 
cannula for airway securement (1). According to 
some authors, the history of NIV dates back more 
than 100 years, but the development of modern NIV 
is traced back to 1987 when Delaubier and Rideau 
successfully ventilated a patient with Duchenne 
Muscular Dystrophy (2). The prevalence of patients 
who use mechanical ventilation in home conditions 
is on the rise. Some Canadian authors reported that 
the prevalence of in-home mechanical ventilation 
prescriptions is increasing by 0.3/100.000 patients 
per year, with similar increases seen in some European 
countries (3). The use of NIV has been most pre-
scribed by pulmonologists (52.9%), followed by 
intensivists or anesthesiologists (34.3%), and lastly by 
other specialists (12.6%) (4). The key indications for 
NIV are as follows: acute hypercapnic respiratory 
failure (AHRF, in 48% of cases), arguably its most 
significant and important one; acute exacerbation of 
chronic obstructive pulmonary disease (AECOPD); 
obesity hypoventilation syndrome; acute cardiogenic 
pulmonary edema (ACPE); neuromuscular disorders; 
and post-extubation ventilatory support (4,5). In 
patients with cancer, NIV has been recommended as 
palliative care to improve dyspnea. NIV is effective in 
treating exacerbations of chronic obstructive pulmo-

nary disease and end-stage neuromuscular disease 
(6). While the emergence of high-flow nasal cannula 
(HFNC) is a relatively new treatment modality in 
adult respiratory failure, some research has found it to 
be not superior to NIV (7). Despite the development 
and application of newer systems for providing venti-
latory support, complications are inevitable, both 
minor and major. Minor complications are seen as 
likely tolerable, without an associated increase in 
morbidity or mortality, while major complications 
lead to an increase in morbidity and are potentially 
life-threatening (8). 

The objective of this manuscript is to provide a con-
cise overview of the potential complications of NIV 
and HFNC, focusing on the more uncommon ones; 
the prevalence of such complications; and explana-
tions for the potential mechanisms by which these 
complications arise.

mAtERIALS and mEtHODS

We selected substantial studies from the databases of 
PubMed, Embase, and Cochrane libraries. The fol-
lowing Mesh terms were used: ‘non-invasive ventila-
tion’, ‘high-flow nasal cannula’, ‘complication’, 
‘unusual complication’, ‘rare complication’, and 
‘unexpected complication’. We analyzed papers 
published only in the English language, published 
between October 1980 and November 2019. The 
headline, abstracts, and full-text articles of the result-
ing studies were independently reviewed by three 

mon ones. Prompt and effective treatment of such complications is required, as well as careful consideration of the potential causes 
of such events, during the application of NIV or HFNC. 

Key words: Non-invasive ventilation; high-flow nasal cannula; rare complication; unusual complication; unexpected complication

ÖZ

Non-invaziv mekanik ventilasyon (NIV) ve yüksek akışlı nazal kanülün (HFNC) olağan dışı komplikasyonları: Sistematik bir derleme

"Modern" non-invaziv mekanik ventilasyonun (NIV) ilk uygulaması, Duchenne Musküler Distrofisi olan bir hastanın başarıyla ventile 
edildiği 30 yıl öncesine dayanmaktadır. O zamandan beri, özellikle Koronavirüs hastalığı 2019'un (COVID-19) ortaya çıkmasıyla 
birlikte, NIV kullanımı tüm dünyada artışa geçmiştir. Oldukça modern ve güvenli bir tedavi olmasına rağmen, uygulama sırasında 
komplikasyonlar gelişmesi kaçınılmazdır. Bazı iyi bilinen komplikasyonlara ek olarak, daha nadir görülen başka komplikasyonlar da 
tanımlanmıştır. Bu yazıda pnömoperitoneum, pnömosefali, parotit, gastrik perforasyon ve barotravma gibi nadir görülen komplikas-
yonları tanımladık. Bu derlemenin amacı, NIV'in olağandışı komplikasyonlarını, prevalansını ve bu tür komplikasyonların gelişme 
mekanizmalarını tanımlamaktır. PubMed, Embase ve Cochrane Library'de 'non-invaziv mekanik ventilasyon', 'yüksek akımlı nazal 
kanül', 'nadir komplikasyon', 'olağandışı komplikasyon' ve 'beklenmeyen komplikasyon' Mesh terimleriyle arama yaparak klinik bir 
derleme yaptık. Bu terimleri 'pnömoperitoneum', 'parotit', 'pnömosefali', 'gastrik insüflasyon' ve 'barotravma' gibi diğer anahtar keli-
melerle eşleştirdik. Derlemeye yirmi sekiz araştırma makalesini dahil ettik. Mekanik ventilasyon uygularken, cihazın mekaniği hakkın-
da yeterince bilgi sahibi olmak ve kullanımı sırasında nadir de olsa gelişebilecek komplikasyonlara aşina olmak gerekmektedir. Non-
invaziv mekanik ventilasyonun veya YANK uygulaması sırasında bu tür olayların olası nedenlerinin dikkatli bir şekilde değerlendirme-
nin yanı sıra söz konusu komplikasyonları hızlı ve etkili bir şekilde tedavi etmek önemlidir.

Anahtar kelimeler: Non-invaziv ventilasyon; yüksek akışlı nazal kanül; nadir komplikasyon; olağan dışı komplikasyon; beklenmeyen 
komplikasyon
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researchers. The reference lists of the articles were 
also reviewed, for potential inclusion in the study, so 
as to better detect articles not found by the electronic 
search. Given the above criteria, forty-five scientific 
research papers resulted, and this current article 
included twenty-six. 

most Common Complications of NIV and HFNC

The evaluation of the RCTs (NIV vs standard medical 
care) showed that the overall NIV failure occurred in 
16.3% of patients and all-cause failure had a small 
but significant RR of 0.88. Our meta-analysis catego-
rized NIV failure causes according to underlying 

disease states (5). According to data from various 
studies, the prevalence of continued hypoxemia 
despite NIV and their respective indications for NIV 
are combined hypercapnic/hypoxemic acute respira-
tory failure (ARF) (15-62%), hypoxemic ARF (7-52%), 
hypercapnic COPD ARF (5-40%), COPD (8-30%), 
post-extubation ventilatory support (16-25%), and 
pneumonia (up to 5.7%) (8,9). The most common 
minor complications include arm edema, CO2 
rebreathing, claustrophobia, discomfort, nasal skin 
lesions, patient-ventilator dyssynchrony, and noise 
(8). One study showed that HFNC is a safer form of 
oxygen delivery, as compared to other modalities in 
use in the intensive care unit setting. Reported 
adverse effects include nosocomial pneumonia, oxy-
gen desaturation, more frequent visits to a general 
practitioner (GP) or primary care provider (PCP) for 
respiratory complications, pneumothorax, acute 
pseudo-obstruction, and cardiac dysrhythmia (10). 
The most common complications of NIV and HFNC 
are shown in Table 1.

Unusual Complications of NIV and HFNC

The following section will discuss the more unusual 
and uncommon complications of both NIV and 
HFNC use. They are also shown in Table 2 (11,17).

Pneumoperitoneum

Pneumoperitoneum is a very rare potential complica-
tion of mechanical ventilation, occurring in about 7% 
of patients undergoing NIV (11). By searching the 
appropriate databases, we found only three cases of 
pneumoperitoneum caused by NIV. The first described 
case was a 73-year-old patient hospitalized for gas-
trostomy tube (G-tube) placement. The patient suf-
fered from amyotrophic lateral sclerosis (ALS), requir-
ing the use of NIV at home. Vital signs were normal 
throughout the examination. Computed tomography 
(CT) showed free air in the abdominal cavity, which 
established the diagnosis of pneumoperitoneum. 

table 1. Some of the most common complications of NIV 
and HFNC described in the literature

NIV HFNC

Discomfort Aspiration 

Claustrophobia Abdominal distension

Nasal/oral dryness

Aspiration pneumonia

NIV: Non-invasive mechanical ventilation, HFNC: High-flow nasal 
canula.

Figure 2. Photo of a newborn submitted to NIV through a used 
but sterilized short binasal prong. Note: Consent to use the 
image was obtained from the newborn's caretaker. (Available 
from: https://www.researchgate.net/figure/Photo-of-a-newborn-
submitted-to-NIV-through-a-used-but-sterilized-short-binasal-
prong_fig1_34228519)

Figure 1. Schematic of research protocol.
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Considering the overall stability of the patient, lack of 
hypoxemia, and the nature of the radiological find-
ings, it was concluded that the pneumoperitoneum 
occurred as a complication of prolonged NIV admin-
istration (12). The second case was a 19-year-old 
patient with Duchenne disease, who required the use 
of NIV secondary to hypercapnic respiratory failure. 
As the patient was being administered NIV, the 
patient could not breathe spontaneously, and the 
abdomen subsequently became distended. On radi-
ography, free sub-diaphragmatic air was found. There 
were otherwise no other clinical/radiological findings 
of an acute abdomen (13). Finally, the third case was 
a 37-year-old woman with acute respiratory distress, 
treated with NIV, and later developed abdominal 
distension. The diagnosis of pneumoperitoneum was 
confirmed on CT imaging (14). A possible explana-
tion for the build-up of subphrenic air could be the 
presence of interstitial emphysema, created by the 
rise in intrathoracic pressure produced by NIV, allow-
ing for the air to leak out of various diaphragmatic 
gaps into the abdomen (13).

Pneumocephalus

The presence of air within the intracranial cavity is a 
very rare complication of NIV, and the consequences 
of such a condition manifest with a decrease in con-
sciousness, coma, or death (15). We found two arti-
cles on the presented topic meeting our search crite-
ria. The patients presented within these articles were 
of varied ages, and diagnoses, and were the result of 
different mechanisms of occurrences. 

In 1980, the 30-year-old patient was hospitalized 
after a motor vehicle accident. He was with limited 
mental status, with findings of bilateral miosis, otor-
rhagia, and a right clavicular fracture. Ventilatory 
support was provided by continuous positive airway 
pressure (CPAP) ventilation over several days. The 
patient then began to report diplopia and headache 

and exhibited profound rhinorrhea. Neurological 
imaging revealed free air within the left ventricle and 
between the cerebral cortexes. The authors did not 
propose a possible explanation for this case (16). On 
the other hand, others have postulated potential 
mechanisms of such pneumocephali in their patients. 
A middle-aged woman, with a history of obstructive 
hydrocephaly requiring ventriculoperitoneal shunt 
(VPS) placement, presented with acute respiratory 
distress and underwent NIPPV therapy. Several min-
utes later, she became acutely agitated and confused. 
NIPPV was immediately discontinued, and a head CT 
was performed, indicating pneumocephalus. As the 
patient had undergone a tooth extraction a few weeks 
prior, the authors believed the condition may have 
been caused by the passage of air into the retropha-
ryngeal space, via the dental defect, following along-
side the VPS, to evoke pneumocephalus as suggested 
by the presence of air in the neck beside the VPS (14).

Parotitis

Stones, bacterial and viral infections, medications, 
and obstruction of various etiologies are the most 
common causes of inflammation of the parotid 
glands. Parotitis caused by NIV is an extremely rare 
condition, with only a few references made in the 
literature. One case was reported in a 90-year-old 
woman who presented to the hospital with frequent 
diarrhea and severe abdominal pain. Computed 
tomography examination of the abdomen revealed 
occlusion of the mesenteric artery, requiring urgent 
surgical intervention. After the procedure, she was 
placed on bilevel positive airway pressure (BiPAP) 
ventilation due to hypoxemia. On postoperative day 
two, she developed erythema and edema along the 
right pre-auricular area, which was confirmed by an 
ultrasound examination indicating an enlarged parot-
id gland. Bilevel positive airway pressure was discon-
tinued, and she was switched to HFNC. In the follow-
ing days, her symptoms had ceased (17). Bilateral 

table 2. Unusual complications of NIV and HFNC

Citation Complications NIV HFNC

Okamoto A, et al. 2014. Pneumoperitoneum Yes No

Andreu-Ruiz A, et al. 2018. Pneumocephalus Yes No

Martinez E, et al. 2017. Parotitis Yes No

Gay PC. 2009. Gastric perforation Yes No

Chauhan Z, et al. 2019. Barotrauma Yes Yes

NIV: Non-invasive mechanical ventilation, HFNC: High-flow nasal canula.
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parotitis during the use of CPAP has also been report-
ed, as demonstrated in a case of a young woman who 
was admitted to the hospital for an exacerbation of 
her chronic obstructive lung disease, requiring CPAP 
ventilation. She developed bilateral edema of her 
parotid glands, confirmed via elevated amylase levels 
and an ultrasound exam. In this case, NIV was con-
tinued, and her symptoms regressed spontaneously 
within one week (18). During NIV, positive pressure 
is transmitted through the oral cavity, causing retro-
grade airflow and obstruction of the Stensen (parotid) 
ducts (18,19). Similarly, extrinsic compression of the 
Stensen ducts by an oronasal mask can also occur 
(20). 

Gastric Perforation

During NIV therapy, aerophagia and gastric insuffla-
tion can occur in 30-40% of patients (21). According 
to some authors, gastric insufflation can cause vomit-
ing and subsequent inhalation of gastric contents, 
leading to aspiration pneumonitis or pneumonia, 
abdominal compartment syndrome, stomach rupture, 
and possibly fatal outcomes (22,23). We found only 
one paper on this topic where a young man, with a 
history of congenital hypomyelination neuropathy, 
was admitted with severe abdominal pain. He had 
been using NIV at home for the past several months 
for his respiratory insufficiency. Computed tomogra-
phy imaging revealed pneumoperitoneum and a col-
lection of free fluid around the liver. During emergen-
cy laparotomy, perforation of the stomach was seen 
with a hematoma present on the inner wall of the 
stomach. The authors had theorized that high pres-
sures during NIPPV administration could lead to 
gastric over-distension, forming hematomas, which 
could progress leading to gastric perforation and sub-
sequent pneumoperitoneum (24). Some authors 
advise avoiding NIV pressures greater than 20-25 cm 
H2O (22,23).

Barotrauma

Barotrauma is a common complication of NIV with 
the use of high positive pressures (namely BiPAP and 
CPAP). However, there is substantially less data on 
barotrauma as a potential complication of HFNC 
(25,26). One article described the case of a 78-year-
old woman with chronic respiratory failure second-
ary to interstitial pulmonary fibrosis. Oxygen via 
HFNC was administered to the patient, at 60 Liters/
min and 100% FiO2, for persistent hypoxemia. After 
several days, the patient noted facial and neck swell-

ing with dyspnea. On chest CT, extensive pneumo-
mediastinum with subcutaneous emphysema was 
noted. Increasing flow rates will lead to subsequent 
increases in airway pressures, with positive end-expi-
ratory pressures (PEEP) of 3-7cm H2O recognized 
with HFNC. These pressures are usually negated with 
mouth opening, however, in certain clinical settings, 
barotrauma can occur with high oxygen flow rates 
(26).

CONCLUSION

The use of NIV has increased worldwide. Although 
exceedingly modern and safe, complications can still 
be expected to be seen. Pneumoperitoneum, pneu-
mocephalus, parotitis, gastric perforation, and baro-
trauma (in HFNC) are rare occurrences but have 
nevertheless been described in clinical practice. The 
possibility of the development of the aforementioned 
complications should be considered before the appli-
cation of such therapy, as well as the undertaking of 
certain treatment precautions to avoid potentially 
lethal outcomes in the case that such complications 
arise. 
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