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NEPEBATU TA HEQONIKM BUCOKOMOTOKOBOI HA3AJIbHOI
OKCUTEHOTEPANITY NALLIEHTIB 3 AUXAJIbHOIO HEAOCTATHICTIO

10.B. Koponboga, A.B. leii3e, I.3. Daxi6ig, [.I1. MnoTHikoB

MerTa: oliHUTH KJIiHIYHY ePeKTUBHICTb BHICOKOTIOTOKOBOI Ha3aJbHOI OKCUTEeHO-
Tepanii (BITHO) y naijieHTiB 3 AMXaJIbHOK HEJOCTATHICTIO.

MeTopu: [IpociekTHBHe /jBOeTaNHe NOLIYKOBe paH/A0Mi30BaHe gocaimxeHHs 100
NMalieHTIiB 3 AUXaJlbHOW HegocTaTHicTIO [-II cTyneHs TsKKoCTi nmpu nosarocii-
TaJIbHIM NpaBo6iyHiN HMXKHBOJ01bOBIM MHeBMOHII (I1I1) i 3afHiN MeaiacTHHAIDb-
Hill racTpoe3odaromiacTuli TopakoabAoMiHaJbHUM JOCTYNOM 3 BHYTPiLIHbO-
meBpasibHUM aHactroMmo3oM (TEIT). Ha nepiomy etani mopiBHIOBa/I0Ch BUKOpHC-
TaHHA BITHO 4yepe3 HOCOBI KaH0Ji Ta HeiHBa3WUBHA MacO4YHa BEHTUJIALIfA JiereHiB
(HIMBUJI) uepe3 HocoBy Macky y nauieHTiB i3 [1I1. Ha gpyromy etari - y nanieHTiB 3
['EIl - 3actocyBanus BITHO i crangapTHoi pecnipaTopHoi Teparmii (PT). Buvyanucs
3MiHU iHgekcy okcureHauii (Pa02/Fi02); aprepianbhoi catypauii (Sa02), nuHa-
Mika peHTreHoJsioriyHoi Ta KT KapTUHU opraHiB rpyAHOI KJITUHU; OLiHIOBAJIHCh
TPHUBAJIICTh CEAHCY BEHTUWJIALII; CTYyNiHb HOro nepeHoCUMOCTi NalieHToM (LKaJaa
BiZ 1 1o 10); yactora HeoOxigHOCTI nepeBeieHHs Ha LIBJI, TpuBasicThb JiKyBaHHS
nalji€eHTa B peaHimariil.

Pe3ynbTraTH: pU Nno3aikapHaHIM THeBMOHIi 1iTHI manieHTH KoMdopTHille nepe-
Hocusu BITHO (8+1 6asna vs. 4+2 npu HIMBJI) npu 3HaunMo 6inbluiil TpuBanocTi
ceaHcy (o 20 rog vs.3) npu CMiBCTaBHUX MMOKa3HUKAX iH/IEKCY OKCUTeHallil i Hacu-
4YeHHs apTepiasbHOi KpoBi. TpuBasicTh pea”imMmanifiHoro nepioAy Ta Heo6XiJHICThb
B [lepeBe/leHHI Ha NPpUMYCOBI peXXMMHU BEHTUJIALII MOXHa cniBcTaBHI. Ha pyromy
etaniy nayieHTiB nicas FEIl npu cniBcTaBHUX napaMeTpax okcureHauii npu BITHO
Bi/ZI3HaueHi MeHIa NoTpeba B nepeBe/ieHHI Ha NPUMYCOBY BeHTHJsALI0 (15% vs.
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22,5%), unciio nepexony B atesekras (50% npotu 62,5%) Ta, BifnoBigHO, CKOpo-
YyeHa TPUBaAJIiCThb peaHiMaliiiHoro nepiony (12+4 vs. 18+3).

BucnoBku: Bukopucranua BIIHO y nmauieHTiB 3 AuXa/JbHOI HeLOCTATHICTIO MO-
Ka3sye CBOIO KJIiHIYHY epeKTUBHICTb, Kpallle IepeHOCHMO, ajie He BUKJII0YaE 3aCTO-
CyBaHH{ IHIIMX MEeTO/IB peclipaTOpHOI Tepalil.

Ki11040BI c/10Ba: uxasibHa HEJOCTATHICTh; pecrnipaTopHa Teparis, BACOKOMOTOY-
Ha OKCUT€HOTepalis, HeiHBa3uBHA BEeHTUJIALif JIET€HIB, IHTEHCUBHA Teparis.
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PROS AND CONS OF A HIGH-FLOW NASAL OXYGEN THERAPY IN PATIENTS WITH
RESPIRATORY FAILURE

Yu.V. Korolyova, A.V. Geyze, G.Z. Edzhibiya, G.P. Plotnikov

Objectives: to evaluate clinical efficiency of high-flow nasal oxygen therapy
(HENOT) in patients with respiratory failure.

Methods: Prospective two-stage randomized clinical trial including 100 patients
with [-II grade respiratory failure and community-acquired right-sided lower
lobe pneumonia and posterior mediastinal gastro-esophogoplasty (GEP) with
thoracoabdominal access and intrapleural anastomosis. At first stage HFNOT and
non-invasive mask ventilation (NIMV) were compared for patients with community-
acquired pneumonia. At second stage the use of HFNOT and standard respiratory
therapy (RT) were evaluated for patients with (GEP). Following characteristics
were analyzed: oxygenation index (Pa0,/Fi0,); arterial saturation (Sa0,), chest
X-ray and CT-scan; ventilation time; ventilation tolerability (scale from 1 to 10);
conversion to mechanical ventilation frequency; ICU-stay.

Results: Patients with community-acquired pneumonia better tolerated HFNOT
(8+1 pts vs. 42 pts NIMV) with significantly longer ventilation time (up to 20 hrs.
vs 3) and with comparable oxygenation index and arterial saturation. ICU-stay
and conversion to mechanical ventilation were also comparable. At second stage
patients after GEP had comparable oxygenation parameters, but they had lesser
conversion to mechanical ventilation rate (15% vs. 22,5%), atelectasis rate (50 vs
npoTuB 62,5%) and consequently shorter ICU-stay (1244 vs. 18+3).

Conclusion: HFNOT use in patients with respiratory failure shows clinical efficacy,
is more tolerable by patients, but does not exclude other respiratory therapy
methods.

Key words: respiratory failure; respiratory therapy; high-flow oxygen therapy;
non-invasive lung ventilation; intensive care.

Introduction. Acute respiratory failure is one of the most common causes of ad-
mission to ICU, and oxygen therapy remains first-line treatment for these patients. In
recent years nasal oxygen insufflation was described as a useful alternative to tradi-
tional oxygen therapy in patients with respiratory failure, with all its pros and cons.
[1] Respiratory failure symptom control and oxygenation improvement are ensured by
maintaining adequate oxygenation and alveolar ventilation, by insufflation of humidi-
fied oxygen with high-volume flow (up to 60 1/min) and by reducing lung dead space
with a positive end-expiratory pressure flow. [2] Increasing lung resistance by the end
of the exhale (35-60 1/min flow leads to mean pressure 2-3 cm H20 with mouth opened
and 5- 7 cm H20 with mouth shut) correlates with lung capacities because of better al-
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veoli recruitment. [3,4] Oxygen flow going through the nasopharynx washes away CO2,
that prevents reverse ventilation and as a consequence physical activity tolerance and
oxygenation improves and dyspnea reduction. [5,6]. The use of conditioned gas (i.e. at
ideal temperature and humidity) leads to better tolerance and comfort for patients with
respiratory failure, which leads to lower respiratory rate and better oxygenation. Ac-
tive humidification improves function of mucous membrane, relieves secretion and de-
crease atelectasis forming and improving ventilation/perfusion and oxygenation rate.
[7,8]. In comparison with NIMV and standard oxygenation, HFNOT reduces conversion
to mechanical ventilation rate due to hypoxemic acute respiratory failure and also re-
duces frequency of repeated intubation. At the same time using HFNOT prevents from
forming too much positive end expiratory pressure that prevents alveoli atelectasis.
That is why the main goal of this study is to evaluate clinical benefits and limitations of
HFNOT in treatment of patients with respiratory failure in postoperative period.

Methods. Prospective two-stage randomized clinical trial, approved by the local
ethical committee, with patients’ informed consent. At first stage HFNOT effectiveness
for patients with community-acquired right-sided lower love pneumonia and respirato-
ry failure was evaluated. Two groups: 1st (n=10) - with HFNOT (AIRVO-2 device, Fisher
and Paykel, New Zealand) through nasal cannula, 2nd (n=10) - non-invasive mask venti-
lation (NIMV) (VENTimotion, Weinmann, Germany) through face mask; randomization
using envelopes. Both groups were comparable in all baseline characteristics, for all of
them p >0,05 (table 1). All patients received standard antibacterial treatment (azithro-
mycin 500 mg/day + ceftriaxone 4g/day, until sputum culture data was received) + res-
piratory treatment. Inclusion criteria: patients with community-acquired right-sided
lower lobe pneumonia, respiratory failure grade I-II, (respiratory failure classification
Davidson C., Treacher D. Respiratory CriticalCare. London, 2002.) age 70-89.

Exclusion criteria: patients with community-acquired bilateral pneumonia, respira-
tory failure grade 111, age <70 or >89, absence of informed consent.

Parameters of respiratory treatment were adjusted individually using oxygenation
index (Pa0,/Fi0,), arterial saturation (Sa0,). The change in these parameters, ventila-
tion duration and patient’s tolerability (scale from 1 to 10) and ICU stay were evaluated.

Table 1. Baseline characteristics

HFNOT, n=10 NIMV (n=10)
Age, years, M%c (min, max) 76%9 (75;81) 74%6 (70;85)
Sex, m/f, n(%) 7/3 (70/30) 6/4 (60/40)
BMI, M5 (min, max) 22+3(18,25) 21%5 (16,25)
Respiratory failure, n(%):
| 2 (20) 3 (30)
Il 8 (80) 7 (70)
Respiratory rate/min,M*c (min, max) 19+7 (18;25) 18+5 (17;24)
Pa0,/Fi0,, MG (min, max) 260+27 (230;290) 250+35 (230;270)
SO,, %, M*c (min, max) 90+£5(85;95) 89+4(85;93)

Note: For all characteristics p>0,05. HFNOT- high-flow nasal oxygen therapy. BMI - body mass index.
NIMV- non-invasive mask ventilation. Pa0, /FiO, - oxygenation index. Sa0, - capillary blood saturation.
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Respiratory complications in patients, who underwent esophagus surgery (esopha-
gus extirpation with simultaneous reconstruction with gastric tube, Lewis type) after
tracheoplasty are the most common cause of death in ICU. Since NIMV is contraindicat-
ed [10,11] for these patients, at second stage there were evaluated respiratory therapy
options for patients with malignant tumors of mid- and lower thoracic esophagus.

Inclusion criteria: patients with subtotal esophagus resection (esophagectomy) and
posterior mediastinal gastroesophagoplasty with thoracoabdominal access and intra-
pleural anastomosis, with no surgical complications, male, age 25-80, extubated, hemo-
dynamically stable.

Exclusion criteria: female, age>80, unstable hemodynamics in postoperative period,
patients on prolonged mechanical ventilation; absence of informed consent. Standard ba-
sic intense and antibacterial treatment (Ciprofloxacin 40 mg/day, metronidazole 1500
mg/day until sputum culture data received). Two groups: 1% (retrospective, n=40) with
standard respiratory therapy - high-volume spirometry and nasal oxygen therapy. 2nd
group (prospective, n=60) - with HFNOT (AIRVO-2 device, Fisher and Paykel, New Zea-
land). Both groups were comparable in all baseline characteristics (p>0,05) (table 2).

Parameters of respiratory treatment were adjusted individually until target oxy-
genation index and arterial saturation were reached. The change in these parameters,
ventilation duration and patient’s tolerability (scale from 1 to 10) and ICU stay were
evaluated.

For data collection Microsoft Access program was used. Statistical analysis was
performed using «STATISTICA 6.0» (StatSoft, USA) (NeAXXR0O03E608729FAN10 ot
31.03.2010, StatSoft Inc., USA) and Microsoft EXEL.

All results presented as mean value * standard deviation (o). To evaluate the diver-
sity significance between all parameters Student’s T-test for normal distribution and
Xx?-parameter for discrete values were used. P-level <0,05 was considered as significant.

Results. Among-group analysis at 1% stage has shown certain advantages for HFNOT
during respiratory therapy in senior patients (table 3)

Patients had no discomfort during long therapy, while NIMV was repeatedly inter-
rupted because of the nasal mask pressure, sense of overfilled with air stomach and etc.
Persistence of HFNOT allowed to slowly reduce O, flow, that was needed for adequate

Table 2. Baseline characteristics

RT, n=40 HFNOT, n=60
Age, years, M*s (min, max) 68+12 (58;78) 69%14 (56;80)
BMI, M5 (min, max) 20%8 (16;24) 21%9 (18;24)
Respiratory failure, n(%):
| 6 (15) 10 (16,7)
Il 34 (85) 50 (83,3)
Respiratory rate/min, MG (min, max) 22%7 (20;29) 21%6 (18;28)
Pa02/Fi02, Mo (min, max) 280+60 (220;312) 295%75 (215;305)
S02, %, M£c (min, max) 9049 (87;93) 91£14 (88;96)

Note: For all characteristics p>0,05. RT - standard respiratory therapy. HFNOT - high-flow nasal oxygen
therapy. BMI - body mass index. NIMV - non-invasive mask ventilation. PaO,/FiO, - oxygenation index.
SO, - capillary blood saturation.
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Table 3. Ventilation parameters change and treatment duration at 1st stage

HFNOT, n=10 NIMV (n=10) p
Tolerability, score 8,3 [6,5; 9,3] 4,3 [4,1;6,3] 0,039
RT duration, hrs 18,5 [12; 20,5] 3,3[2,5;6,9] <0,01
SO, % 96 [91; 98] 94,5 [90,5; 97] 0,09
PaO,/FiO, 312 [298; 326] 324 [302; 330] 0,11
Conversion to mechanical ventilation, n (%) 2 (20) 3 (30) -
ICU-stay, hrs 264 [216; 360] 336 [240; 384] 0,055

Note. P — at among-group analysis of mean values. RT - standard respiratory therapy. HFNOT - high-
flow nasal oxygen therapy. NIMV- non-invasive mask ventilation. Pa0, /FiO, - oxygenation index. ICU -
intensive care unit.

oxygenation index and saturation, whilst in NIMV group oxygen fraction remained high
all the time. Also, two conversions to mechanical ventilation in HFNOT group were as-
sociated with inflammatory process progression and deterioration of overall condition
(sepsis and polyorganic insufficiency syndrome development), and in NIMV group it
was associated with spontaneous pneumothorax and its following drainage, which was
the cause of a longer ICU-stay. HFNOT was considered effective in patients with respira-
tory failure, that is why this technique was used in postoperative period on patients
after esophagectomy and posterior mediastinal gastroesophagoplasty via thoracoab-
dominal access and intrapleural anastomosis.

In this group of patients high flow with manageable fraction of O, allows to reach
target oxygenation index levels at comparable saturation (94+3%; min 91; max 97) at
standard oxygenation and 96£4% (min 92; max 100) at high-flow oxygenation (pic. 1).

360
340
320
300
280
260
240
220

200 ]
Initially 2 6 12 18 24

—@—Pa02/Fi02 SNOT  ==@=Pa02/Fi0O2 HFNOT

Picture 1. Changes in saturation and oxygenation index in 1 day in patients after posterior
mediastinal gastroesophagoplasty and intrapleural anastomosis using standard nasal oxygenation
therapy and high-flow nasal oxygen therapy.

Note. X-axis - hours of monitoring, Y-axis - oxygenation index (Pa0,/Fi0,). SNOT - standard nasal
oxygen therapy ~-HFNOT - high-flow nasal oxygen therapy.
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Table 4. Clinical data and treatment duration on 2" stage

SNOT, n=40 HFNOT (n=60) p
Atelectasis, n (%) 28 (70) 30 (50) <0,01*
Conversion to MV, n (%) 13 (32,5) 9 (15) <0,01*
ICU-stay, Mo (min, max) 16%12 (4;28) 8,5%5,5(3;14) 0,039*

Note. p* - comparing relative values; p** - comparing mean values. SNOT - standard nasal oxygen
therapy. HFNOT - high-volume nasal oxygen therapy. MV - mechanical ventilation. ICU - intensive care
unit.

At the same time humidified and warm air mixture with constant end expiratory
pressure prevents atelectasis by alveoli recruitment, that reduce infiltrative lung chang-
es and thus lower conversion to mechanical ventilation rate as well as ICU-stay (table.4)

The most frequent cause of conversion to MV in both groups was progression of re-
spiratory failure because of septical polyorganic insufficiency syndrome due to gastro-
esophageal anastomosis dehiscence (10-45,45%), as well as hospital-acquired pneu-
monia (8-36,4%); occasionally - total pneumo- and hydrothorax (4-18,2%).

Discussion. HFNOT can be used as an alternative to NIMV or to provide adequate
oxygenation during cessation from NIMV. Choosing one of these methods depends
on different factors, such as necessity of ventilation, positive end expiratory pressure
(PEEP), patient’s preference and NIMV mask tolerability. For example, HFNOT hardly
provides necessary PEEP for certain patients (acute respiratory distress syndrome)
and can’t be used for those who need NIMV for ventilation (i.e. hypercapnic hypoxemic
respiratory failure due to hypoventilation). [12,13]. Advantages of this method is good
tolerability, constant humidification and warming of oxygen mix, absence of face sore
and macerations from face mask, prevention of atelectasis development. However, if
atelectasis have already occurred, it is more preferable to use NIMV, as you can manage
different modes, pressure flows depending on atelectasis level [14, 15]. At the same
time, we have faced mismatch between favourable oxygenation index and x-ray image,
same mismatch is described by other researchers in different studies [16]. Probably, it
can complicate acute respiratory distress syndrome (ARDS) diagnosis via oxygenation
index. Some authors consider oxygenation improvement in ARDS patients on HFNOT
could lead to misdiagnosis. This theoretical disadvantage can be improved by potential
benefits, such as lower lung damage on mechanical ventilation, interruption of hypox-
emic respiratory failure progression to ARDS [16, 19]. That is why we are measuring
oxygenation index on proper breathing with 21% oxygen-air mix and routine examina-
tion (CT-scan, chest X-ray) to detect any signs of infiltrative changes in lungs.

Contraindications for HFNOT include anomalies, traumas or surgery on face, nose
or airways that exclude nasal catheter use, central apnea, and upper airway obstruction
[22, 23]. Some authors don’t use HFNOT after upper airway surgery to avoid theoretical
risk of venous thromboembolism (VTE) at high pressure [19]. We prefer set initial flow
speed from 20 to 35 1/min (potential range is 5 to 60 I/min) and Fi02 40% (range from
30 to 70 %), further changes could be done depending on clinical response. HFNOT can
be used for a long period of time (hours, days) and patients can be switched to standard
nasal catheters with low flow as soon as flow speed reaches <20 1/min and FiO2 <35 %.
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Such subsequence, as we assume, allows avoiding excess pressure and as a conse-
quence, during our study no VTE occurred.

HFNOT complications include abdominal distension, aspiration and, rarely, baro-
trauma (pneumothorax). However, barotrauma incidence is way lower then while using
NIMV or mechanical ventilation via endotracheal tube [19,20].

Conclusion. The use of high-flow nasal oxygen therapy is reasonable as a part of
complex respiratory therapy in patients with mild or moderate respiratory failure. Ad-
vantages of HFNOT compared to standard oxygen delivery systems are higher comfort,
increased humidification of tracheobronchial secretions for better sputum expectora-
tion, decreasing dead space to enhance ventilation effectiveness. However, there are
no absolute indications to HFNOT and most of the proven benefits are subjective and
physiological. Patients with severe hypoxemic respiratory failure, as we assume, HF-
NOT will be an alternative to other methods with high flow and non-invasive ventila-
tion. Choosing between these methods should be personalized and should depend on
patient’s condition, preference, severity of hypoxemia, requirement of ventilation and
positive end expiratory pressure.

Study limitations. Single-center, on a small patient selection, with retrospective
analysis.

Disclosures. Authors of this study have nothing to disclose.
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