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Abstract

We aimed to investigate the risk factors and reason for initiation of high-flow
nasal cannula (HENC), its benefit on re-intubation rate, mortality, and length
of stay (LOS) in the postoperative cardiac surgery patient in the ICU. Me-
thods: In a retrospective and descriptive study, 200 patients, who underwent
cardiac surgery, were randomly included, and screened for initiation of post-
operative respiratory support. Demographic patient data and pre-operative
patient measurements were sampled. Data concerning the P/F ratio at arrival-
and post-extubation, LOS at ICU and overall mortality were sampled. A
comparison of those variables was performed between patients with and
without need of respiratory support. Results: HFNC was initiated in ap-
proximately 22.45% in 2018, and 25% in 2020, of the patients. Comparing
both years didn’t reveal a significant rise, but we saw a quicker use of HENC
in 2020. The all-case re-intubation rate and mortality was approximately 3%.
The body mass index (BMI) was the only correlation with a higher chance of
initiation of HENC. Other data like age, pre-operative renal- or left ventricle
function didn’t show a correlation. Conclusion: In case of respiratory insuffi-
ciency in the postoperative cardiac surgery setting, HFNC is a worthy first line
treatment option which is initiated if conventional oxygen therapy doesn’t suf-
fice. The mortality was low, and the mean LOS was 4.38 days. If respiratory
support was started with HFNC mean LOS rose to 8.35 days. The BMI seems
to have a correlation with the development of respiratory failure, which con-
firms the latest recommendation to start preventive HFNC in the post-extu-
bation cardiac surgery setting and which could be implemented in the daily
practice.
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1. Introduction

In the management of acute respiratory failure, heated, humidified, high-flow
nasal cannula (HHHFNC or HENC) has gained increasing popularity. It has
filled a gap between facemask oxygen and non-invasive mechanical ventilation
(NIV), even without evidence of benefit [1].

HENC has the ability to deliver an inspired oxygen fraction between 0.21 and
1.0, with a gas flow of 60 L/min. It delivers a low level of positive pressure in the
upper airways and hereby increases the airway pressure and the end-expiratory
lung volume, diminishes the respiratory dead space, the work of breathing and
respiratory rate [1] [2] [3] [4]. Because of these physiological benefits, it can im-
prove oxygenation and comfort after extubation, and prevent post-extubation
failure and reintubation [2] [3] [4] [5].

In 2017 the ERS/ATS guidelines supported the use of NIV in the postoperative
setting. In supra-diaphragmatic surgery, NIV decreases the need for re-intubation
and in-hospital mortality. Studies showed that the use of HFNC, compared with
NIV, did not result in a higher need for re-intubation [3], hereby being recom-
mended in high-risk patients in the prevention of post-extubation respiratory
failure, as after cardiothoracic surgery [2] [6] [7] [8]. If post-extubation respira-
tory failure occurs, the ERS/ATS 2017 guidelines do not suggest use of noninva-
sive ventilation [3].

We aimed to investigate the use of HFNC at a high-level cardiothoracic ter-
tiary center, and explore the reasons of respiratory failure, its benefit on re-intu-
bation rate, mortality, and length of stay (LOS). We therefore performed a re-
trospective and descriptive study to explore the correlation between multiple
demographic and pathophysiological measurements in the intensive care unit
(ICU) in post-cardiac surgery patients. We also studied whether a different re-
sult could be found when comparing a population treated in 2018 versus a more

recent population (2020) to explore shifts in correlations over time.

2. Methods

In a retrospective and descriptive study, 200 patients, who underwent cardiac
surgery at a high-level cardiothoracic center, in 2018 and 2020, were randomly
included.

2018 was chosen as the comparative year because it was the first year where all
data could be sampled from an electronic database.

Demographic data as age, sex, BMI, pre-operative left ventricle function,
-pulmonary function and -renal function were sampled. Concerning this study, we
further sampled other variables as the P/F ratio at arrival- and post-extubation at
the ICU, the APACHE II score at ICU-admission and -discharge, duration of
weaning, the number of patients in need of respiratory support in the postopera-
tive phase (HFNC, bilevel NIV or reintubation), LOS at ICU and—in hospital,
the need of diuretic—or antibiotic treatment and the mortality. A comparison of

those variables was executed between patients with and without need of respira-
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tory support, and HENC in particular. All these in-hospital data were obtained
from an electronic database, linked to the program used in the ICU. Descriptive
statistical analysis of these data was performed by excel.

The local ethics committee (Commissie voor Ethiek; AZ Sint-Jan Brugge) re-
viewed the study and gave approval (Approval 2937) to this retrospective non-
interventional study to be performed in this center.

3. Results
3.1. Demographic Patient Findings

In 2018 and 2020, 200 patients who underwent a CABG, heart valve surgery, or
combination were sampled and included. No exclusion was made at this point.
Demographic data and patients related measurements are presented in Table 1.

In 2020 there were less CABG-procedures. In 2020 there was a rise in single
valvular procedures. Single valve surgery mainly consisted of surgical aortic
valve replacement.

ICU mean LOS was 5.25 days in 2018 versus 6.27 in 2020.

The mean total LOS in hospital was 11.28 days in 2018 and 11.71 days in 2020.

Overall mortality was 2% in 2018 and 3% in 2020.

The mean APACHE II score on admission was 11.36 in 2018, and 14.27 in
2020. The mean APACHE II score at ICU-discharge was 7.49 in 2018 compared
to 10.55 in 2020.

3.2. Postoperative Findings: (Diagram 1)

Weaning: 99% of the patients were weaned from the ventilator in 2018; while
97% were weaned in 2020. In 2020, one patient had emergent mitral valve sur-
gery after an unsuccessful percutaneous mitral valve repair (mitraclip) and died
of heart failure shortly after. A second patient couldn’t be weaned because of se-
vere emphysema and died. A third patient died due to an acute distributive
shock. In 2018, one patient suffered a complicated postoperative course, needing
2 reinterventions due to tamponade. In both years, one patient needed weaning
by tracheostomy because of a protracted weaning phase.

All other patients were successfully weaned. In 2018, 83.7% had a fluent
weaning process, compared to 87.5% in 2020. The mean duration of weaning in
those patients was around 320 minutes. In 2018, the mean P/F ratio on admis-
sion was 292 and 329 after extubation in patients with a fluent weaning. In case
of a prolonged weaning phase, mean P/F ratio was 181, at admission, and 231
after extubation.

Unlike 2018, in 2020, the mean P/F ratio at ICU admission in an uncompli-
cated weaning process was 289 and 339 after extubation. Patients who had a
prolonged weaning process had quite similar mean P/F ratios.

No respiratory support during the postoperative setting: In 2018 and 2020,
when patients didn’t need postoperative respiratory support (75% of the cases),

the mean LOS was respectively 4.09 and 4.67 days.
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The mean time till extubation amounted 358 minutes in 2018 and 407 mi-
nutes in 2020. The mean P/F ratio at ICU admission of this group was 305 in
2018 and 304 in 2020, while post weaning the mean P/F ratio was 353 in 2018
and 357 in 2020.

Table 1. Demographic and post-operative patients related measurements, with compari-

son of year 2018 and 2020 (SD: standard deviation).

2018 2020
Variables of interest
Mean SD Mean SD
Sex Male 73% / 73% /
Female 27% / 27% /
Mortality Overall 2% / 3% /
Age Overall 67.06 10.79 69.99 11.22
<59 24% / 18% /
60 - 79 67% / 63% /
>80 9% / 19% /
Operation type CABG 63% / 45% /
Heart valve surgery 25% / 32% /
Combination 12% / 23% /
BMI Overall 27.82 4.42 28.12 4.04
No resp support 27.53 4.44 27.87 4.22
HFNC 28.85 4.34 28.52 3.59
Renal function Overall 1.02 0.47 1.06 0.31
No resp support 0.998 0.31 1.06 0.32
HFNC 1.12 0.81 1.06 0.28
P/F ratio at admission Overall 274.7 112.8 287.4 98.04
No resp support 304.88 106.9 303.9 93.98
HFNC 176.64 74.58 242.5 96.73
P/F ratio post Overall 313.7 113.3 335 109.3
extubation No resp support 35342 9718 3572 1019
HFNC 181.81 44.71 268.2 105.4
APACHE II score Admission 11.36 4.77 14.27 4.19
Discharge 7.49 3.94 10.55 3.64
LOS ICU Overall 5.25 4.34 6.27 6.42
No resp support 4.09 1.77 4.67 1.71
HFNC 7.77 4.43 8.92 5.59
LOS Hospital Overall 11.28 6.14 11.71 7.97
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2018
100 patients (73 men - 27 women)
Mean age 67.06 yr
2% mortality

A

[ )

99% weaned from ventilator
Mean LOS at ICU 5.25 days
Mean LOS in hospital 11.28 days

) )

98.89% weaned
by conventional way

1% no weaning possible (Dx: 2
reinterventions due to tamponade)

1.02% weaned by tracheostomy

\ 75.51% no nood of respiratory support post
extubation Mean LOS at ICU 4.5 days

A 0% received bilevel NIV as first choice treatment
in case of respiratory insufficiency

2.04% required reintubation because of
respiratory failure 50% mortality
(Dx: hypercapnic respiratory failire and heart failure

\ 22.45% received HFNC as first choice treatment
in case of respiratory insufficiency

81.82% received HFNC in mono therapy
Mean LOS at ICU 6.5 days

18.18% required additional
treatment with bilevel NIV

+

25% required reintubation becasue of
respiratory failure (Dx: heart failure)

Diagram 1. Consort diagram of 2018 and 2020.

97% weaned from ventilator
Mean LOS at ICU 6.27 days
Mean LOS in hospital 11.71 days

b )

98.97% weaned
by conventional way

2020
100 patients (73 men - 27 women)
Mean age 69.99 yr
3% mortality

X

[ 1

3%no weaning possible
(Dx: Severe emphysema;
heart failure; distributive shock)

1.03% weaned by tracheostomy

75% no nood of respiratory support
post extubation Mean Los at ICU4.67 days

\——y 0% received bilevel N1V as first choice treatment
in case of respiratory insufficiency

0% required reintubation
because of respiratory failure

\ 25% received HFNC as first choice treatment
in case of respiratory insufficiency

83.33% received HFNC in mono therapy
Mean Los at ICU 7.15 days

16.67% required additional
treatment with bilevel NIV

B

75% required reintubation becasue
of respiratory failure (Dx: pneumonia)

HFNC as postoperative respiratory support treatment: In 2018, 22.45% of

the conventionally weaned patients needed initiation of HENC as respiratory

support, while in 2020 this counted for 25%.

The mean P/F ratio, if a patient needed HFENC as respiratory support, was
176.64 at ICU admission in 2018, and 242.5 in 2020. The mean time needed for
extubation was 678.1 minutes in 2018, while 401.8 minutes in 2020. When extu-
bated, the mean P/F ratio in those patients was 181.81 in 2018 and 268.2 in 2020.

When starting HFNC as respiratory support, the mean length of stay at ICU

was prolonged to approximately 7.77 days in 2018 and 8.92 days in 2020.

In this study, if patients were treated with HFNC because of hypoxemia, mor-
tality was 0% in 2018 and 2020.
Bilevel NIV as postoperative respiratory support treatment: In this sin-

gle-center study, no patients received BiPAP, as a first choice treatment, in the

prevention of postoperative respiratory failure. In 2018, 4.04% of the weaned pa-

tients received NIV but only in case of respiratory deterioration on HFNC

(18.18%). 25% of them needed reintubation because of insufficient improvement

with NIV. In 2020 we counted 4.12% of the weaned patients receiving bilevel
NIV, following HENC (16.67%). Of these patients 75% needed reintubation be-

cause of respiratory failure.

Re-intubation rate: in 2018, and 2020, 3% of the weaned patients needed
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reintubation. In 2018 66% of them didn’t receive NIV nor HFNC-treatment be-
fore reintubation. The causes were acute heart fajlure because of right ventricu-
lar dysfunction and hypercapnic respiratory failure, 1 patient died because of
heart failure.

In 2020, all patients with respiratory failure first received treatment with
HENC and NIV before getting re-intubated. Reasons for reintubation in these
patients was a diagnose of pneumonia with severe hypoxic respiratory failure.

Reintubation occurred approximately at day 2 post-extubation, in both 2018
and 2020.

Initiation of diuretic treatment: In 2018, 49% of the patients had a suspicion
of fluid overload, and signs of congestion on chest X-ray. In 2020 a comparable
result of 51% was observed. Over 90% received diuretic treatment with diuretics.

If respiratory support was initiated, 72.73% received diuretic treatment in
2018, and 70.83% in 2020. Of the patients who didn’t receive respiratory sup-
port, 39.19% received diuretic treatment in 2018, and 44.4% in 2020.

Initiation of antibiotic treatment: In 2018, 31% of the patients had a suspi-
cion of pneumonia on chest X-ray, compared to 27% in 2020. Despite the lower
suspicion in 2020, 40% of all patients received antibiotics, while in 2018 this
counted for 30% of the patients. Other reasons for antibiotic treatment included
an elevated CRP (C-Reactive Protein) and raised temperature.

If respiratory support was initiated, 59.09% received antibiotic treatment in
2018, and 66.7% in 2020. Patients without need for respiratory support received
antibiotic treatment in 18.91% of the cases in 2018, and 30.56% in 2020.

Correlations: To distinguish if some patient risk factors could predict a high-
er need of initiation of HFNC in the postoperative setting, a propensity score
matching was performed.

The sex of the patient was not correlated with the initiation HFNC.

Aging was not a predictor for a higher need of ventilatory support.

The weight was predictive for the need of ventilatory support. The mean BMI
of the patients without need of respiratory support was 27.53 and 27.87 in re-
spectively 2018 and 2020. While, if HFNC was required, the mean BMI rose to
28.85 and 28.52 in 2018 and 2020.

Pre-operative lung function could also give us a clue to expect postoperative
respiratory problems, but due to incomplete data no conclusion could be made.

If the pre-operative left ventricle function was lower than normal range; 20%
received respiratory support in 2018; while it counted for 31.8% in 2020.

Decreased renal function was not associated with the need for HFNC.

Investigation of the P/F ratio after extubation may be indicative for the need
of respiratory support. When looking at the results of 2018; a P/F ratio lower
than 250 had a higher incidence of initiating HFNC. In 2020 a less clear-cut P/F
ratio was visible. Although if the P/F ratio was lower than 300 a higher incidence
of starting HFNC could also be seen. In the patients with a P/F ratio between 350
and 400 post-extubation; 15.4% of them needed respiratory support. But as a
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footnote, in those patients HFNC was started only after 2 days because of the

development of a pneumonia.

4. Discussion

Acute respiratory failure, after cardiothoracic surgery is common, and associated
with increased morbidity and mortality. CPAP and bilevel NIV are known to be ef-
fective at improving lung aeration and arterial oxygenation and decreasing the
amount of atelectasis without adverse effects. Both treatments have shown to be
beneficial in comparison to conventional oxygen therapy regarding the re-intubation
rate, ICU-acquired infections, and mortality [9]. Because of its physiological
benefits, HFNC has become a treatment for acute hypoxemic respiratory failure
(first-line ventilatory support, pre-oxygenation, post-extubation and palliative
care) [1].

Despite the small study population, this retrospective study demonstrated the
frequent- and ease of use of HFNC in the post-operative care setting. If a patient
was in need of respiratory support in the postoperative setting, the primary
choice was HFNC, which counted for approximately one out of four of all post-
operative patients. A minority of the patients received bilevel NIV as respiratory
support, only after failure of HFNC treatment.

HENC is easy to apply and has a better patient compliance, compared to the
use of noninvasive ventilation [1]. But mind the combination of NIV -treatment
with a high respiratory drive which may lead to high tidal volumes with exces-
sive transpulmonary pressures contributing to patient self-inflicted lung injury
(P-SILI) and a higher mortality [10] [11].

A study of Stephan et al in 2015 demonstrated that the use of high-flow nasal
cannula therapy, compared with intermittent bilevel NIV, did not result in in-
creased treatment failure defined as need for re-intubation [3] [6].

The global reintubation rate and mortality in this study was low. If the low
reintubation rate is a result of the high use of HFNC is a possibility, but difficult
to conclude from our study. Nevertheless, we observe that there is a low reintu-
bation rate when started with HFNC, which may suggest a positive influence.

Guidelines further suggest a combination of bilevel NIV and HFNC for the
prevention of post-extubation respiratory failure in high-risk patients [12]. Ad-
junctive NIV has proven to be beneficial in facilitating the weaning from me-
chanical ventilation in patient with hypercapnic respiratory failure, but in this
setting HFNC is not indicated [3].

Nevertheless, no matter which treatment is initiated, it remains of paramount
importance that both treatment options require a careful selection of patients,
and rigorous monitoring during use, in order to avoid delayed intubation, which, if
indicated, is associated with an increased mortality [3] [13].

If no respiratory support was needed, mean LOS in the ICU was almost indif-
ferent between both years (respectively 4.09 to 4.67 days). But if respiratory

support was initiated with HFNGC, it increased significantly to a mean LOS of
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7.78 days in 2018 and 8.92 days in 2020.

Further interpretation of the study results could also help us conclude that
there seems to be a shift in a quicker initiation of HFNC in 2020, compared to
2018, with a likewise faster extubation ratio, even with lower P/F ratio.

When investigating the P/F ratio on arrival in the ICU and post-extubation,
we could conclude that the first P/F ratio at admission is of low importance.
Even with low values at admission, spontaneous recruitment was seen during the
first hours, without clear relation with the initiation of respiratory support.

A logical assumption that the first P/F ratio post-extubation being an impor-
tant marker for the need of HFNC, has been shown in this study. We could con-
clude that a P/F ratio lower than 250 post-extubation was predictive for the need
of HENC. Could a longer intubation time be beneficial to overcome this need?
We presume this answer to be negative, since patients in 2020 were extubated
sooner than in 2018, with even lower P/F ratio, and no significant increased need
for ventilatory support. Starting HFNC if the first P/F ratio being lower than 250
and comparing its mortality, reintubation rate and LOS, could be useful in fur-
ther studies. Because of these results, we could conclude that time to extubation
can be shortened by the use of HENC.

Diuretic therapy was started in 50% of all the patients, mostly because of signs
of congestion or low diuresis during ICU admission.

A quite remarkable finding was the high and rising use of antibiotic treat-
ment, with a significant difference between 2018 and 2020, where more antibio-
tics were prescribed even without hard evidence of pulmonary infection. We also
noted that if respiratory support was started, a higher proportion of these pa-
tients received diuretics and/or antibiotics.

Finding risk factors which could predict the need of initiation of HFNC in the
postoperative setting would be of great help for practice. Unfortunately, this
study couldn’t find major correlations. Nor age, sex, pre-operative ASA-score, or
pre-operative renal function or left ventricle function predict the need of HFNC
use.

A possible correlation is patients’ weight, a higher BMI being associated with
HFNC use. This corresponds to the research of Chaudhuri ef al in 2020 [14], and
to the latest recommendations of the 2020 ERS/ATS guidelines. One could advise
to start HFNC post-extubation in patients with a high BMI [8]. It has even been
recommended to start HFNC or NIV in high risk and/or obese patients under-
going cardiac- or thoracic surgery to prevent postoperative respiratory failure [8].

Pre-operative decreased pulmonary function could also play a role in the need
of HENGC, but because of incomplete data no conclusion could be.

CABG remains the standard of care for multivessel coronary disease, and in
particular three-vessel or left main coronary artery disease [15] [16].

Our study revealed a decrease in CABG-procedures between 2018 and 2020,
which presumably is explained by the increasing percutaneous coronary inter-

ventions, and the higher incidence of valve replacements.
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The mean age in this study is rising, confirming the worldwide trend [15].
Despite the increasing use of TAVR (transcatheter aortic valve replacement),

this study still found an increase in surgical valve replacement.

5. Conclusions

Cardiac surgery is a safe procedure, with low morbidity and mortality, and with
a ICU mean LOS of approximately 4.38 days.

In the postoperative setting, in case of respiratory insufficiency, HFNC is
proven to be a worthy first line treatment which is initiated if conventional oxy-
gen therapy doesn’t seem to be sufficient, before initiating NIV. If respiratory
support with HFNC was initiated, mean LOS rose to 8.35 days, with an increased
use in antibiotic- and diuretic therapy.

We cannot conclude from our study that HFNC use prevents reintubation,
but there is a positive effect. Time to extubation can also be shortened.

A correlation is found between the BMI of a patient and the development of
respiratory failure, which confirms the latest recommendation to start preven-
tive HFNC in the post-extubation cardiac surgery setting for patients with an
elevated BMI or other high-risk factors. An ideal P/F ratio for initiation of HFNC
hasn’t been found, although there is a higher incidence if lower than 250. Fur-
ther studies could be useful to compare the diagnose of a pneumonia, initiation
of antibiotics, mortality, reintubation rate and LOS as per P/F ratio with or
without treatment with HFNC.

6. Limitations

This was a retrospective study with a small number of patients.
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