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Introduction
The clinical presentation of the novel coronavirus 
disease (COVID-19) can vary from asymptomatic 
or paucisymptomatic to severe forms. Patients usu-
ally experience mild or moderate symptoms (80%). 
However, about 14% of subjects progress to hypox-
emic respiratory failure requiring oxygen therapy, 
and 5% need more advanced respiratory support.1

During the COVID-19 outbreak, the number of 
patients increased rapidly in a short time, thereby 
resulting in a deficiency of intensive care physi-
cians. The lack of intensive care unit (ICU) beds 
or ventilators makes the use of non-invasive ven-
tilation techniques increasingly important.

COVID-19 patients can develop pneumonia 
characterised by bilateral interstitial infiltrates, 

possibly leading to ARDS and respiratory failure 
due to ventilation/perfusion mismatch responsi-
ble for shunt effect.1

Patients with acute hypoxemia may experience 
persistent dyspnea, despite the administration of 
oxygen flows > 10–15 l/min through a facial mask 
with reservoir. Under these circumstances, other 
approaches, such as high-flow nasal cannula (HFNC), 
continuous positive airway pressure (CPAP) sup-
port, or non-invasive mechanical ventilation (NIV), 
may be useful.2

HFNC oxygen therapy is based on a device capable 
of providing humidified and heated oxygen at high 
flows through nasal cannulas. These cannulas can 
reach a flow of up to 60 l/min at a temperature 
between 31 and 37°C, and with an absolute 
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humidity of 44 mg H2O/l; FiO2 can range from 21% 
to 100%.2 The main advantages provided by HFNC 
include washing of the pharyngeal dead space, reduc-
tion of respiratory work, a positive end-expiratory 
pressure (PEEP) effect, release of a constant inspired 
oxygen fraction, improvement of mucociliary clear-
ance, and patient comfort.3 It is well known that 
HFNC can provide a low PEEP, which exerts a ben-
eficial effect on mild-to-moderate respiratory failure.4 
Moreover, by delivering humidified and warmed gas 
through the nasopharynx, HFNC reduces the meta-
bolic work required for gas conditioning.5 
Furthermore, HFNC is better tolerated than other 
ventilatory supports and can decrease the probability 
of intubation,6 thus improving clinical prognosis in 
patients with acute respiratory failure.7,8

CPAP respiratory support provides a continuous 
positive pressure, which, during all breathing 
phases, is delivered to the airways through exter-
nal devices applied to patients, who are awake 
and collaborative. CPAP can supply an early 
treatment aimed at avoiding intubation, thus pro-
viding a valid alternative to invasive ventilation.9

NIV is a ventilatory support technique that is 
used widely within the therapeutic context of 
acute respiratory failure. The indication for NIV 
is based on integration of clinical and blood gas 
analysis data including signs of respiratory fatigue 
such as dyspnea, use of accessory respiratory 
muscles, paradoxical breathing, increased respir-
atory rate (>25 acts/min), pH < 7.35 (most 
important parameter), arterial partial pressure of 
carbon dioxide (PaCO2) > 45 mm Hg or rapid 
PaCO2 increase (>15–20 mm Hg).10

Although the use of HFNC is suggested for 
COVID-19-associated acute hypoxemic respira-
tory failure over non-invasive positive pressure 
ventilation,11 there are no specific evidence-based 
guidelines that recommend the most appropriate 
choice among HFNC, CPAP or NIV.12 Several 
studies have investigated the efficacy of HFNC in 
COVID-19 patients, thus finding that this kind of 
support is a suitable treatment option.7,13–16

Therefore, the aim of our real-life experience is to 
describe the effects of HFNC in a case series of 
five COVID-19 patients with ARDS, not respon-
sive to CPAP or NIV.

The COVID-2019 pandemic will be remembered 
for the rapidity with which it spread, the 

morbidity and mortality associated with it, and 
the paucity of evidence-based management guide-
lines. One of the major concerns of hospitals was 
to limit spread of infection to health-care workers. 
Because the virus is spread mainly by respiratory 
droplets and aerosolised particles, procedures 
that may potentially disperse viral particles, so-
called ‘aerosol-generating procedures’ (AGP), 
were avoided whenever possible. Included in this 
category were NIV, HFNC and awake (nonintu-
bated) proning. Accordingly, at many health-care 
facilities, patients who had increasing oxygen 
requirements were emergently intubated and 
mechanically ventilated to avoid exposure to 
AGP. With experience, physicians realised that 
mortality of invasively ventilated patients was 
high and it was not easy to extubate many of these 
patients. This raised the concern that HFNC and 
NIV were being underutilised to avoid intubation 
and to facilitate extubation. In this article, we 
attempt to separate fact from fiction and percep-
tion from reality pertaining to the aerosol disper-
sion with NIV, HFNC and awake proning. We 
describe precautions that hospitals and health-
care providers must take to mitigate risks with 
these devices. Finally, we take a practical approach 
in describing how we use the three techniques, 
including the common indications, contraindica-
tions and practical aspects of application.

Methods
This retrospective observational study was carried 
out at the Infectious and Tropical Disease Unit 
(COVID-19 Centre) of Magna Graecia University 
Hospital of Catanzaro, Italy, from 27 March 2020 
to 25 June 2020. Every patient underwent blood 
gas analysis, chest X-ray integrated by calculation 
of Brescia Score,17 and high-resolution computer-
ised tomography (HRCT); these evaluations were 
performed before and after treatment, in order to 
assess the evolution of lung disease. Conventional 
oxygen therapy (COT) was performed using either 
facial mask (up to 5 l/min), mask with reservoir (up 
to 10 l/min), or Venturi mask (up to 60% FiO2), 
with the aim of reaching and maintaining a target 
of peripheral oxygen-saturated haemoglobin frac-
tion (SpO2) > 90%. Surgical masks over nasal can-
nulas were applied on patient’s mouth and nose, 
and medical staff wore full personal protective 
equipment (PPE).

We used CPAP or NIV in patients with acute 
respiratory failure undergoing oxygen therapy 
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via Venturi mask, if one or more of the follow-
ing criteria were present: ratio of arterial oxy-
gen partial pressure to fractional inspired 
oxygen (PaO2/FiO2) < 300 mm Hg with SpO2 
less than 92%; respiratory rate (RR) > 28 acts/
min; signs of mild respiratory distress, presence 
of dyspnoea, and contraindications including 
cardiorespiratory arrest, signs of organ failure, 
hemodynamic instability, facial trauma, and 
upper airway obstruction were absent. We 
started using either CPAP (10 cm H2O; FiO2 
up to 60%) or NIV, the latter being applied to 
the patient with hypoxemic/hypercapnic lung 
failure and respiratory acidosis, according to a 
pressure support ventilation (PSV) approach 
characterised by a PSV of 10–12 cm H2O, asso-
ciated with a PEEP of 10 cm H2O and a FiO2 
up to 60%. A single attempt of CPAP or NIV 
support lasting a maximum of 1 h was per-
formed.18 CPAP failure was defined on the 
basis of either insufficient improvement or even 
worsening of SpO2. After failure of CPAP ther-
apy, we treated all five patients with HFNC, 
setting the temperature at 31°C, and using a 
flow of at least 40 l/min and a FiO2 up to 60%, 
in order to reach and maintain SpO2 within a 
94–98% range. In addition, the rate of oxygen-
ation (ROX) index was calculated as SpO2/
FiO2 × respiratory rate, according to the 
method used by Roca et al.19 Negative pressure 
rooms were not available, so naturally venti-
lated hospital rooms were used.

This study was conducted as a part of routine 
Good Clinical Practice (GCP) and in accordance 
with the declaration of Helsinki. The retrospec-
tive collection of data was approved by the local 
Ethical Committee of Calabria Region on 13 May 
2020. In addition, informed consent was obtained 
from all patients.

Descriptive statistics (mean, standard deviation, 
percentage values) were used to express the cat-
egorical and continuous variables. In order to 
assess the differences observed with regard to 
relevant parameters recorded before and after 
HFNC treatment, we analysed PaO2, PaO2/
FiO2, and ROX index, whose changes were 
evaluated by Wilcoxon matched-pairs signed 
rank test. A p value lower than 0.05 was consid-
ered to be statistically significant. Statistical 
analysis was performed using Prism version 
8.2.1 (GraphPad Software Inc., San Diego, CA, 
USA).

Results
During the study period, a total of 62 patients 
diagnosed with 59 COVID-19 were admitted. 
Among 18 subjects who received oxygen support-
ive therapy, low flow oxygen was insufficient in 5 
(27.7%) patients with severe COVID-19 illness, 
including two men and three women (mean age: 
68.2 ± 13.31 years). These five patients suffered 
from several comorbidities such as hypercholes-
terolemia, arterial hypertension, diabetes, chronic 
kidney failure, previous transient ischemic attack 
(TIA), hyperthyroidism, chronic liver disease, 
atrial fibrillation and, limited to one single case, 
pulmonary fibrosis and Parkinson’s disease 
(Table 1). They were all treated with hydroxy-
chloroquine and azithromycin combination, 
according to the protocol used by Gautret et al.,20 
and with systemic corticosteroids. In three cases, 
also on the basis of interleukin-6 (IL-6) levels, 
subcutaneous tocilizumab was administered, as 
reported elsewhere.21

Chest X-ray images showed interstitial infiltrates 
characterised by Brescia scores of 7, 10, 11, 14 and 
16, respectively. Chest computerised tomography 
(CT) imaging (Table 2) evidenced the presence of 
multiple ground-glass opacities in both lungs and 
in all patients, associated with detection of ‘crazy 
paving’ pattern in one case. In two patients, sub-
pleural consolidations were present, and in one 
case CT scans also displayed concomitant honey-
combing aspects due to previously diagnosed idio-
pathic pulmonary fibrosis. SpO2 generally ranged 
from 75% to 89% before ventilatory therapy.

Two patients had a PaO2/FiO2 < 200 mmHg at 
hospital admission, and immediately required 
ventilatory support with CPAP or NIV. The 
remaining three subjects were characterised by a 
PaO2/FiO2 ratio ranging from 200 to 300 mmHg, 
and were initially treated with COT. However, 
these patients developed deterioration of respira-
tory function after 3.5 ± 2.5 days, and required 
ventilatory support. A first course of CPAP or 
NIV treatment was tried in all five patients but, 
despite application of different interfaces and 
pressure levels, these procedures were not well tol-
erated, thereby generating feelings of claustropho-
bia and anxiety, which in some cases required 
sedation (Patients 2 and 5).

All five patients were not responsive to CPAP or 
NIV, and they were shifted to HFNC after a rapid 
decline of respiratory function.
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Table 2.  Radiological features.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Chest X-ray
(BRESCIA 
SCORE)

7 10 11 14 16

HRCT
Image

HRCT
Pattern

COVID-19 
interstitial 
pneumonia with 
involvement of 
the middle fields 
and bi-basal 
consolidation 
bands.

Subpleural 
parenchymal 
consolidation areas 
associated with 
cylindrical traction 
bronchiectasis; 
concomitant shaded 
areas of ground 
glass, scattered in 
both lungs.

Subpleural bands 
characterised 
by interstitial 
thickening 
phenomena 
from COVID-19 
pneumonia, 
especially detectable 
in the posterior 
regions of inferior 
lobes, bilaterally.

Bilaterally 
located in lung 
parenchyma, 
diffuse signs of 
ground glass with 
thickening of the 
interstitial septa, 
which configure 
a crazy paving 
pattern in COVID-19 
pneumonia.

Signs of 
interstitial disease 
characterised by 
subpleural cystic 
formations with 
honeycombing 
aspects, associated 
with widespread 
ground glass areas 
scattered in both 
lungs.

COVID-19, Coronavirus disease 2019; HRCT, High-resolution computed tomography.

Table 1.  Patient characteristics.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age, years 60 55 62 89 75

Gender Female Male Female Female Male

Smoking habit No No No No Yes

Comorbidities Hypercholesterolemia Diabetes, previous 
TIA, infantile 
meningitis 
with cognitive 
developmental 
delay, 
hyperthyroidism, 
chronic gastritis, 
chronic liver 
disease.

Microcytic 
anaemia, 
paroxysmal atrial 
fibrillation.

Arterial 
hypertension, 
severe arthrosis.

Idiopathic 
pulmonary fibrosis, 
Parkinson’s 
disease, diabetes 
mellitus, renal 
failure, atrial 
fibrillation.

Admission 
therapy

Statin Promazine 
Clothiapine
Omeprazole
Insulin therapy

Bisoprolol
Pantoprazole

Pantoprazole
Ace-inhibitor
Furosemide

Bisoprolol
Ace-inhibitor
Nintedanib
Insulin therapy

Hospitalisation 
therapy

Hydroxycloroquine 
Azithromycin
Enoxaparin
Metilprednisolone
Empiric antibiotic 
therapy
Tocilizumab

Hydroxycloroquine
Azithromycin
Enoxaparin
Metilprednisolone
Empiric antibiotic 
therapy

Hydroxycloroquine 
Azithromycin
Enoxaparin
Metilprednisolone

Hydroxycloroquine 
Azithromycin
Enoxaparin
Metilprednisolone

Enoxaparin
Metilprednisolone
Insulin therapy
Furosemide
Empiric antibiotic 
therapy

TIA, transient ischaemic attack.
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Blood gas analysis before HFNC treatment 
showed hypoxemic/hypocapnic lung failure and 
respiratory alkalosis in four subjects (Patients 1, 
2, 3 and 4); hypoxemia and hypercapnia, associ-
ated with respiratory acidosis, were present only 
in the patient suffering from idiopathic pulmo-
nary fibrosis (Patient 5) (Table 3).

After HFNC treatment, all five patients experi-
enced a trend towards a PaO2 increase that almost 
reached the threshold of statistical significance 
(48.80 ± 8.585 mm Hg versus 71.98 ± 3.809 mm 
Hg; p = 0.06) (Figure 1A). Moreover, after HFNC 
therapy PaO2/FiO2 ratio enhanced from 
231.8 ± 40.91 mm Hg to 342.4 ± 18.65 mm Hg; 
this increase also almost accomplished the task of 
satisfying the criteria of statistical significance 
(p = 0.06) (Figure 1B). After 2 h of treatment with 

HFNC, mean ROX index was 7.420 ± 1.337 
and, after 12 h, it increased to 9.300 ± 1.512 
(p = 0.06), thus indicating that HFNC therapy 
was quite successful (Figure 1C). After 24 h, 
SpO2 persisted within values ranging from 94% to 
99%. During treatment, SpO2 increased gradu-
ally; patients were switched to COT after a mean 
of 5.38 ± 2.07 days, when their conditions defi-
nitely improved.21 All five patients showed high 
tolerance and good compliance to HFNC. Blood 
gas analysis parameters reached normal values 
(Table 3). Subsequently, four patients further 
improved and reached a complete clinical and 
microbiological cure. Only the patient with termi-
nal pulmonary fibrosis, Parkinson’s disease and 
diabetes died, but because of non-respiratory 
complications (internal bleeding), as described 
elsewhere.22

Table 3.  Respiratory parameters of COVID-19 patients with treated with HFNC.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Baseline SpO2 
(%)

88 87 89 85 75

Baseline ABG 
analysis

pH 7.49
PCO2 32 mm Hg
PO2 54 mm Hg
HCO3

– 24 mmol/l

pH 7.50
PCO2 31 mm Hg
PO2 56 mm Hg
HCO3

– 25 mmol/l

pH 7.48
PCO2 34 mm Hg
PO2 55 mm Hg
HCO3

– 26 mmol/l

pH 7.50
PCO2 33 mm Hg
PO2 41 mm Hg
HCO3

– 30 mmol/l

pH 7.33
PCO2 66 mm Hg
PO2 38 mm Hg
HCO3

– 41 mmol/l

Baseline
PaO2/FiO2

257 266 261 195 180

SpO2 (%)
during CPAP or 
NIV

87 85 89 83 81

Oxygen flow rate 
(l/min)

40 50 40 45 60

SpO2 (%)
after HFNC

98 97 96 96 94

ABG analysis 
after HFNC

pH 7.45
PCO2 32 mm Hg
PO2 75.5 mm Hg
HCO3

– 23 mmol/l

pH 7.46
PCO2 34 mm Hg
PO2 75.7 mm Hg
HCO3

– 24 mmol/l

pH 7.45
PCO2 37 mm Hg
PO2 72 mm Hg
HCO3

– 26 mmol/l

pH 7.47
PCO2 33 mm Hg
PO2 70 mm Hg
HCO3

– 25 mmol/l

pH 7.45
PCO2 59 mm Hg
PO2 66.7 mm Hg
HCO3

– 38 mmol/l

PaO2/FiO2 after 
HFNC

359 360 343 335 315

ROX index
2 h-HFNC

8.8 7.5 8.5 6.8 5.5

ROX index
12 h-HFNC

10.5 9.6 10.2 9.5 6.7

ABG, arterial blood gas; COVID-19, coronavirus disease 2019; CPAP, continuous positive airway pressure; HFNC, high flow nasal cannula;  
NIV, non-invasive mechanical ventilation.
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Discussion
There are currently no specific recommendations 
indicating when it could be appropriate to choose 
either HFNC, CPAP or NIV to treat severe respira-
tory failure caused by Sars-CoV-2. The use of HFNC 
for the management of COVID-19 pneumonia is still 
controversial. Some guidelines discourage the rou-
tine use of HFNC or any noninvasive, potentially 
aerosol-generating approach such as CPAP or NIV.23

On the other hand, the Surviving Sepsis/Society 
of Critical Care Medicine guidelines recommend 
HFNC as a first-line approach.11 Other hospital 
centres favour early intubation, and strongly dis-
courage the use of other non-invasive therapies 
approaches. The rationale of this approach is that 
failure rate of noninvasive ventilatory techniques 
in COVID-19 patients is high, and these AGP 
place caregivers at increased risk of contracting 
COVID-19 infection.24

It is well known that, among other advantages, 
HFNC is often well tolerated. Furthermore, 

HFNC can improve clinical prognosis in patients 
with acute respiratory failure,7,8 and decrease the 
probability of unnecessary intubation, thus pre-
serving much-needed critical care ventilators, 
which have been in short supply in some areas.

Therefore, we decided to use HFNC in five 
COVID-19 patients with respiratory failure, not 
responsive to CPAP. During treatment of these 
patients, we observed that HFNC was able to sat-
isfy their oxygen requirements. Despite current 
guidelines recommend CPAP when ARDS or 
hypoxemia cannot be corrected by means of 
standard oxygen therapy, in our real-life practice 
HFNC was more advantageous than CPAP. 
Indeed, our limited experience, mostly referring 
to elderly and uncooperative patients, character-
ised by severe respiratory failure associated with 
multiple comorbidities, suggests that such sub-
jects are often quite anxious, claustrophobic and 
not compliant with CPAP, which instead requires 
marked man–device cooperation. The latter con-
dition can thereby be hardly achievable in elderly 

Figure 1.  PaO2, PaO2/FiO2 and ROX index variations.
FiO2, fractional inspired oxygen; HFNC, high-flow nasal cannula; PaO2, arterial oxygen partial pressure; ROX, rate of 
oxygenation.
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and poorly collaborative patients.13 However, a 
low degree of tolerance to CPAP can occur even 
in middle-aged patients, thus possibly also impair-
ing the effectiveness of respiratory failure ther-
apy.25 Notably, in comparison with CPAP, 
HFNC therapy appears to be more manageable 
and easier to be utilised by a wide range of physi-
cians, not just pulmonologists and intensive care 
specialists. However, healthcare professionals 
should still pay close attention to changes in 
patients’ oxygenation rates and respiratory fre-
quency,15 thus strictly monitoring the progression 
from mild/moderate to severe ARDS.

Our results are in agreement with what was previ-
ously reported by Geng et al.,13 who pointed out 
how the use of HFNC in eight patients with 
severe disease was beneficial. None of the patients 
of this study with critical disease required NIV; 
only one patient was intubated.13 Moreover, a 
recent small trial from China indicated HFNC as 
the most common ventilation support for 
COVID-19 patients with pneumonia, and showed 
that 7 out 17 patients treated with HNFC experi-
enced treatment failure. Among patients with 
PaO2/FiO2 ratio <200, failure rate reached 63%. 
Hence, patients characterised by lower PaO2/
FiO2 ratio were more likely to experience HFNC 
failure.7 Another case series of four patients has 
shown that HFNC could prevent intubation in 
some patients, also avoiding complications such 
as ventilator-associated pneumonia and deep-
vein thrombosis. This treatment reduced work-
loads for healthcare professionals, had good 
tolerability for patients, and might not signifi-
cantly increase the risk of infection for healthcare 
professionals. Two patients survived after treat-
ment, while the other two died because of ARDS 
and heart failure, respectively.15 Lastly, a case 
report of a 44-year-old COVID-19 positive male 
patient, suffering from hypoxemic respiratory fail-
ure, has been published recently. This subject 
was treated successfully with HFNC therapy in a 
negative pressure intensive care room, suggesting 
that this non-invasive modality can be an alterna-
tive respiratory support in selected patients with 
respiratory failure.16

Using HFNC, a balance between benefits and 
risks of droplet dispersion must be evaluated.26 
Although several authors have hypothesised a 
higher risk of droplet scattering and contamination 
for healthcare professionals facing patients under-
going HFNC, with respect to CPAP, this topic is 

still highly debated.27–31 Some studies showed that 
the risk of pathogen dispersal during HFNC ther-
apy was limited to the proximal area of face and 
nasal cannula, thus suggesting that this therapeutic 
approach does not increase the risk of droplet pro-
duction and contact infection. Furthermore, Li 
et al. reported that the risk of bio-aerosol disper-
sion through HFNC was similar to that referring 
to standard oxygen masks.31,32 Indeed, by correctly 
positioning the surgical mask on the patient’s face, 
hypoxemic COVID-19 subjects might benefit 
from HFNC, without the adjunctive risks of con-
tamination for medical staff.26 Hence, such risks 
can be minimised by observing the well-known 
behavioural rules that are mandatory when manag-
ing COVID-19 patients.

It has been described that aerosol-mitigating 
interventions, such as the use of high-energy par-
ticulate accumulator (HEPA) filters, negative–
pressure rooms and full PPE, are sufficient to 
protect medical and nursing staff.24 Several stud-
ies have examined aerosol dispersion during use 
of various AGP, and the results regarding HFNC 
have been reassuring. When compared with other 
AGP, HFNC are characterised by a shorter air 
dispersion distance.27,30,33 Recently, Gaeckle et al. 
measured particle and droplet generation from 
the respiratory tract of 10 healthy individuals 
receiving oxygen with various modes of delivery.34 
They observed that, when compared with breath-
ing room air or non-humidified oxygen modali-
ties, there was no evidence of increase in the 
concentration of aerosol generated with the use of 
HFNC or NIV.34 Iwashyna et  al. enrolled four 
healthy volunteers and observed that, in a simu-
lated hospital room, there was no evidence of 
increased aerosolisation above room levels with 
nasal cannula, non-rebreather mask or HFNC, 
up to maximal flow rates of 60 l/min.35 In any 
case, for maximal safety of staff, patients receiving 
HFNC should be placed in a negative pressure 
room and closely monitored in a setting where 
intubation can be immediately performed in case 
of clinical deterioration.36 If negative-pressure 
rooms are not available, as in our case, rooms 
with natural ventilation characterised by airflow 
of at least 160 l/s per patient are recommended.24

Conclusion
Based on our experience and after a review of the 
literature, we consider HFNC a better treatment 
option than CPAP for some fragile COVID-19 

https://journals.sagepub.com/home/tar


Therapeutic Advances in Respiratory Disease 14

8	 journals.sagepub.com/home/tar

patients with respiratory failure. In this regard, it 
is important to point out that none of the criti-
cally ill COVID-19 patients admitted to our hos-
pital ward required intubation. In conclusion, the 
main limitations of this observational clinical 
investigation regard the small number of enrolled 
patients and, like most real-life studies, the lack of 
a suitable control group. However, our results 
convincingly suggest that, in the management of 
COVID-19-associated ARDS, HFNC can be 
usefully utilised, especially for elderly and/or 
uncooperative patients.
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