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Case Report

A Case of Acute Respiratory Failure with Hypercapnia 
Treated with Nasal High-Flow Therapy
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Introduction: Noninvasive ventilation (NIV) has always been considered as the firstline therapy for hypercapnic respiratory failure 
(HRF). Sometimes, patients are unsuited for this treatment, but there is no established alternative when they do not tolerate standard 
NIV. High-flow nasal cannula (HFNC) oxygen therapy has been gaining interest as an innovative respiratory support for critically ill 
patients, especially those with hypoxemic respiratory failure. We describe a case report of a patient with pneumonia and HRF that 
was treated succesfully with HFNC.

Case Report: RA, a 78-years-old Caucasian, female, ex-smoker, with a history of chronic obstructive pulmonary disease and coronary 
heart disease, was admitted with a diagnosis of pneumonia and secondary respiratory acidosis. In addition to being administered 
steroid and antibiotic therapy, the began treatment with NIV and oxygen therapy for 3 days. Despite the correction in pH, the values of 
the capnia continued to remain high and NIV via a face mask was no longer tolerated. High-resolution computed tomography showed 
the presence of bronchiectasis. Thus, we decided to initiate HFNC and after beginning, the clinical condition of patient improved and 
she was transferred to a rehabilitation medicine unit in room air, without support oxygen and/or NIV.

Conclusion: This clinical case underscores the effectiveness of HFNC, through a dramatic decreases in arterial carbon dioxide in a 
patient with COPD and bronchiectasis, who experienced acute respiratory failure that was accompanied by hypercapnia, secondary 
to pneumonia. 
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Introduction 
High-flow nasal cannula (HFNC) oxygen delivery, sometimes referred to as humidified high-flow nasal cannula, is a relatively new 

noninvasive ventilation therapy [1]. Several previous studies have reported its effectiveness in the care of neonates and children with re-
spiratory distress, particularly its ability to prevent the intubations [2-4]. Recently, HFNC was introduced toto the acute setting in adults, 
too [5-7]. HFNC is an open nasal cannula system that delivers warm and humidified air or oxygen at high flow rates (of up to 60 L/min), 
assisting ventilation. Positive effects of HFNC include a reduction in anatomical dead space, improved end- expiratory pressure (PEEP; 
range, 3 - 5 cmH2O), maintenance of a constant fraction of inspired oxygen (FiO2) and good humidification [7-9]. Potential mechanisms 
of the clinical benefit of HFNC include humidification, increased water content of mucus, decreased metabolic cost of breathing, washout 
of upper airway dead space and PEEP – all of which  reduce the work of breathing, facilitate secretion removal, improve the efficacy of 
ventilation, and enhance oxygen delivery [10]. The potential clinical applications of HFNC are hypoxemic respiratory failure, ARDS, pneu-
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monia, idiopathic pulmonary fibrosis, cardiogenic pulmonary edema, postextubation and postoperative recovery (cardiothoracic, cardiac 
surgery, vascular) and palliative treatment of hypoxemia and respiratory distress in do-not-intubate patients [10]. However, compared 
with conventional  noninvasive ventilation (NIV), much less experience with HFNC therapy has been reported by clinical studies. Futher, 
the standard indications for NIV,- acute and chronic hypercapnic respiratory failure -  have not been examined sufficiently. Several stud-
ies have determined the effects of HFNC therapy on, for example, hypercapnia in patients with chronic obstructive pulmonary disease 
(COPD), but their sample sizes were limited [11-16]. Recent studies suggested that this therapy is effective in patients with hypercapnia, 
but who are stable and have demonstrated improvements in ventilatory parameters, such as the partial pressure of arterial carbon diox-
ide (PaCO2) [12,13,17]. We describe a case of report of a patient with pneumonia and HRF, who was treated succesfully with HFNC.

Case Report 
R.A, a 78-year-old Caucasian female, ex-smoker, was admitted with a diagnosis of pneumonia and secondary respiratory acidosis. Her 

medical history revealed a 10 years of severe COPD (frequent exacerbations on treatment with ICS/LABA/LAMA), a 5-year history of 
arterial hypertension, dyslipidemia syndrome, and coronary artery disease. She had had a fever, productive cough and dyspnea for 5 days 
before. On clinical examination, she had a high fever and a BMI (body mass index) of 24 kg/m2. Her cardiovascular examination detected 
tachyarrhythmia (cardiac frequency 140 b/min), but without murmurs, rubs or gallops. Pulse oximetry revealed a saturation of 87% 
breathing room air. The neurological examination showed Kelly 2. A respiratory examination revealed mild tachypnea with dullness to 
percussion over the right basal lung. Auscultation showed decreased breath sounds in the same area, with crackles and diffuse wheezing. 
The electrocardiogramm showed atrial fibrillation. The remainder of the physical examination was normal. There was no jugular venous 
distention or pedal edema. The laboratories tests revealed leukocytosis at 14.900/µL (4000 - 10000), C-reactive protein of 141 mg/dL 
(0 - 5), and erythrocyte sedimentation rate of 56/h (0 - 15); procalcitonin was normal. Serum electrolytes and renal and liver function 
tests were normal. The chest-x-ray, showed an infiltrate in the basal right lung (Figure 1). The arterial blood gas analysis showed: PaO2 58 
mmHg, PaCO2 68 mmHg, pH 7.28, serum bicarbonate concentration was 29 mmoli/L. Consequently, NIV treatment with bilevel positive 
airway pressure (BiPAP) at FiO2 28% was started: PS 12 cmH2O, PEEP 5 cmH2O, with tidal volume of 420 mL (predicted body weight 56 
Kg). The patient began antibiotics, steroids and anti-arrhythmics. After 3 days of NIV and oxygen treatment, despite the correction in pH, 
the values   of the capnia value remained high (PaO2 70 mmHg, PaCO2 70 mmHg, pH 7,43, HCO3 47 mmoli/l) and NIV via a face mask was no 
longer tolerated (tolerance NIV scale 3). High-resolution computed axial tomography (HRCT) detected the presence of severe thickening 
of bronchial wall in right basal and medium lobes, with a small subpleural consolidation area, bronchiectasis and centrolobular opacities 
(Figure 2). Thus, HFNC was started (40 L/min FiO2 28%) and after 3 days after beginning, the clinical condition of patient improved and 
she was transferred to a rehabilitative medicine unit in room air (PaO2 68 mmHg PaCO2 43 mmHg pH 7.43), without oxygen support or 
NIV. In figure 3 X ray to discharge is reported.

Figure 1: Chest-x-ray.
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Figure 2a

Figure 2b

Figure 2c
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Figure 2e

Figure 2: HRCT images.

Figure 2d

Figure 3: Chest-x-ray to discharge.
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Discussion
HFNC is a new method of supporting breathing. Several studies have reported benefits after extubation or cardiothoracic surgery in 

hypoxemic patients compared with the Venturi mask or NIV [18-20]. It might be an alternative treatment device in stable hypercapnic 
COPD patients [12,21]. Our case report with COPD, bronchiectasis and pneumonia presented with HRF that was unresolved with NIV; 
she had increased airway secretions and expended considerable effort expelling them - a common phenomenon in respiratory distress 
[22]. This effort can contribute to respiratory muscle fatigue and the progression of respiratory failure, especially when secretions be-
come thick and difficult to mobilize. Thus, humidification is needed to preserve and optimize mucosal functions, including facilitating 
gas exchange, reducing the cost of breathing, and maintaining host defenses. To this end, HFNC is usefull for these conditions: it was first 
envisioned as a modality to facilitate secretion removal in patients with bronchiectasis [23]. Warming inspired gas to the level of 37°C 
and humidifying it to saturation helps patients maintain adequate mucosal function and preserves the rheology and volume of secretions, 
optimizing mucociliary clearance without the risk of thermal injury or overhumidification. Also, HFNC increases ventilatory efficiency, 
reducing the work of breathing by providing a small amount of inspiratory assistance and counterbalancing auto-PEEP, especially in pa-
tients with COPD, and alters breathing patterns through an increase in tidal volume and a reduction in respiratory rate [10]. Moreover, in 
our case report, the patient presented with discomfort on NIV treatment, intolerant of the tight interfacial contact. for which HFNC was a 
viable alternative. Her clinical condition and HRF were resolved with HFNC and pharmacological treatment.

Conclusion 
In recent years, HFNC has been receiving greater attention, and physicians have been applying it for a variety of diseases and condi-

tions. In the present case, HFNC therapy significantly improved gas exchange and the clinical condition in a COPD/bronchiectasis patient 
with pneumonia and acute hypercapnic failure. Randomized controlled studies are needed to confirm the clinical advantages of HFNC 
over NIV in specific adult populations, to determind its longer-term effects. 
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