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Conventional mechanical ventilation (CMV) is sometimes unable 
to achieve adequate gas exchange, necessitating the use of non-
conventional ventilatory strategies. The recent Pediatric Acute Lung 
Injury Consensus Conference (PALICC) recommended the use of 
high frequency oscillatory ventilation (HFOV) in severe paediatric 
acute respiratory distress syndrome (PARDS) as an alternative (or 
rescue) ventilatory mode.[1] Reported use of HFOV in critically ill 
children varies between 3% and 30%.[2-4] Despite the putative benefits 
of HFOV, randomised controlled trials in paediatrics demonstrating the 
superiority of HFOV over conventional modes are scarce, so the role 
of HFOV remains confined to use as salvage within recent paediatric 
mechanical ventilation guidelines.[1,5] HFOV has come under scrutiny 
with the recent publication of two large trials looking at HFOV in adults 

with moderate to severe acute respiratory distress syndrome. The lack 
of benefit found, as well as concerns regarding potential harm, have 
prompted deliberations around its continued use.[6,7] 

Practices around HFOV use vary, and may need to be refined.[4] 
HFOV has generally been considered a rescue strategy, and as such, 
the optimum timing of initiation is unclear.[8,9] The most commonly 
used triggers to transition from CMV to HFOV are both markers of 
oxygenation, namely the PaO2:FiO2 (PF) ratio and the oxygenation index 
(OI); however, a wide range of values for both parameters has been 
reported.[10-14] Generally, HFOV is suggested when oxygenation remains 
severely impaired (SpO2 <88% and/or PaO2 <50 mmHg with a FiO2 >0.6) 
despite maximal lung-protective CMV limiting peak pressures to less 
than 30 - 35 cmH20 with sufficient positive end-expiratory pressure 
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Contribution of study
This study describes the use and outcomes of high-frequency oscillatory ventilation (HFOV) in a South African paediatric intensive care 
unit, thus addressing a local knowledge gap and providing evidence of the continued efficacy of HFOV for severe hypoxaemia and refractory 
respiratory acidosis in settings without access to extracorporeal technologies.
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(PEEP).[2,4,10,15] An OI ≥13 on two blood gases 6 hours apart has been 
recommended as a trigger for transition to HFOV, though the optimal 
OI threshold remains unclear.[4,10] Additionally, some recommendations 
suggest the use of HFOV for refractory respiratory acidosis using a 
PaCO2 ≥80 mmHg or a pH ≤7.25 as trigger criteria.[2,3,16]

The initial settings of the HFOV have, perhaps unsurprisingly, varied 
considerably between reports. Airway pressure (Paw) has been set at 
varying levels relative to the mean airway pressure produced by CMV 
(cMAP), with some suggesting setting Paw at the same level as cMAP,[2] 
while others suggest anywhere up to 8 cmH20 above cMAP.[10-12,17] 
Paw has then been titrated based on oxygenation and chest inflation 
on radiograph.[2-4,10,12,14,18,19] The initial frequency has been guided by 
the age and weight of the patient, with values ranging between 5 and 
10 Hz for patients weighing ≥10 kg, and 10 and 15 Hz for patients 
weighing ˂10 kg.[2-4,8,10,11,17,18,20] Strategies to set amplitude have used ‘chest 
wall wiggle’, with subsequent titration, together with frequency if required, 
to achieve a PaCO2 target.[2,10-12,14,18] Reported triggers prompting transition 
back to CMV have also varied widely, with the use of objective criteria 
for Paw (10 - 20 cmH2O) and FiO2 (≤0.5), as well as the more subjective 
criterion of absence of significant desaturation with suctioning.[11,12,18,20]

Two years’ experience in managing paediatric patients with respiratory 
failure using HFOV in a tertiary paediatric intensive care unit (PICU) 
is presented in the present study. The objectives were to describe the 
population of patients in which HFOV was used, the triggers used for 
initiation of and transitioning from HFOV and the initial settings of 
HFOV. Further objectives were to describe the response of patients, the 
incidence of complications and the short-term outcomes.

Methods
This retrospective chart review was carried out in the PICU at the Chris 
Hani Baragwanath Academic Hospital in Soweto in Johannesburg, 
South Africa (SA), from 1 October 2014 to 30 September 2016. 
Patients <16 years old with respiratory conditions who required HFOV 
(SensorMedics 3100B) were identified using the ICU database. Data 
collected included baseline characteristics, ventilator settings and 
outcomes, which were collated using Excel software (Microsoft, USA). 
Baseline characteristics included age, admission weight, diagnosis and 
parameters required to calculate the paediatric index of mortality 3 
(PIM3) score. Data regarding ventilation included the settings on CMV 
just prior to transitioning to HFOV, settings once on HFOV (HFOVi), 
and after 24 hours on HFOV (HFOV24). Outcomes data included the 
response of patients’ oxygenation and ventilation parameters to HFOV, 
using measured blood gas parameters as well as calculated PF ratios 
and OI. The severity of PARDS was defined according to the PALICC 
recommendations (Table 1). PF ratio ≤300 and OI ≥4 were used to 
define hypoxaemic respiratory failure. Respiratory acidosis was defined 
as PaCO2 ≥60 mmHg and pH ≤7.25.[16] Further outcome data collected 
included in-ICU mortality, duration of mechanical ventilation, ICU 
length of stay, presence of pneumothorax and new or increasing need for 
vasoactive agents. The research was approved by the Human Research 
Ethics Committee of the Faculty of Health Sciences of the University of 
the Witwatersrand (ref. no. M161176).

Patients’ data were placed into two groups. Group A were patients 
transitioned for inadequate oxygenation where a cut-off of OI ≥12 was 
used, as per unit guidelines. Group B were patients transitioned for 
severe respiratory acidosis (PaCO2 ≥60 mmHg and pH ≤7.25).[16]

Descriptive statistics were used to report the data. Categorical 
variables were described using frequencies and percentages. Continuous 
variables were described using medians and interquartile ranges (IQRs), 

as the data were not normally distributed. Calculations were performed 
using Statistica version 13.05.0.17 (TIBCO Software Inc., USA).

Results
During the study period, 687 paediatric patients were admitted to the 
PICU, with 104 (15.1%) admitted with primarily respiratory conditions. 
Thirty-four (32.7%) of these patients were managed with HFOV. All 
patients with sufficient data to calculate OI (n=31; 91.2%) fulfilled the 
diagnostic criteria for PARDS just prior to the transition to HFOV. Two 
of the remaining patients had either a PF or SF ratio consistent with 
hypoxaemic respiratory failure, while there were no blood gas data for 
the other patient to calculate any indices.

Transitioning to HFOV
Twenty-six patients (76.5%) were transitioned to HFOV within 24 hours 
of admission. Of the remaining 8 patients, 6 (17.7%) were transitioned 
within 72 hours, and 2 were transitioned on days 4 and 5, respectively. 
Seventeen patients (50.0%) were transitioned for inadequate oxygenation 
(Group A). Fifteen (44.1%) were transitioned for severe respiratory 
acidosis (Group B). In Group B, 8 patients also displayed significant 
oxygenation defects, with a median (IQR) OI of 26.5 (17.1 - 30.5). Two 
patients did not meet the criteria for classification into either group. 
Table 2 further outlines the characteristics of the two groups.

The PEEP/FiO2 combinations and resultant OIs of each patient in 
Group A prior to the transition to HFOV are illustrated in Fig. 1. PEEP 
data were missing for 2 patients. 

In Group B, the median (IQR) PaCO2 was 122.0 (84.9.0 - 171.8), 
mmHg and the median (IQR) pH was 6.92 (6.84 - 7.01), with a median  
(IQR) minute ventilation of 0.35 (0.28 - 0.42) L/kg/min. This median 
minute ventilation is 72.9% of the upper limit of normal for the infant 
(normal range 0.24 - 0.48 L/kg/min), and all patients in this group were 
between the ages of 1 and 5 months. 

Initial and 24-hour HFOV settings, and 
response of oxygenation and ventilation 
parameters 
In Group A, settings on CMV, HFOVi and HFOV24, as well as the 
response of oxygenation parameters, are illustrated in Fig. 2. Increases 
in Paw varied, with a median (IQR) increase of 7 (4 - 10) cmH20 above 
cMAP. Four (23.5%) patients were transitioned to a Paw ˂4 cmH20 
above cMAP; 3 (17.6%) were transitioned with a Paw 4 - 6 cmH20 higher 
than cMAP; and 7 (41.2%) were transitioned to a Paw >6 cmH20 higher 
than cMAP. Data on Paw were missing for 3 patients. Median (IQR) 
amplitude was 44 (40 - 51) cmH20, and median (IQR) frequency was 10 
(8 - 10) Hz, which remained relatively unchanged at 24 hours. PaCO2 
also showed improvement on HFOV with a median (IQR) PaCO2 of 
47.3 (36.7 - 57.9) mmHg, 44.6 (36.2 - 52.0) mmHg and 42.6 (35.5 - 47.8) 
mmHg on CMV, HFOVi and HFOV24, respectively.

Table 1. PALICC recommendations on PARDS severity[1]

Mild PARDS Moderate PARDS Severe PARDS
OI* 4 - ˂8 8 - ˂16 ≥16
OSI† 5 - ˂7.5 7.5 - ˂12.3 ≥12.3

PALICC = Pediatric Acute Lung Injury Consensus Conference; PARDS = paediatric acute 
respiratory distress syndrome; OI = oxygenation index, OSI = oxygen saturation index.
*OI was calculated as ((mean airway pressure x FiO2)/PaO2) × 100. When ventilatory 
data were not available to calculate an OI, PF or SF ratios were calculated. PF ratios were 
calculated as (PaO2/FiO2), and SF ratios were calculated as (SpO2/FiO2) (with SpO2 92 -97%).
†When an arterial blood gas measurement was not available, SpO2 was used to calculate an 
OSI, with OSI = ((FiO2 × mean airway pressure)/SpO2) × 100 (with SpO2 92 - 97%).
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In Group B, patients were transitioned to a 
median (IQR) FiO2 of 1.0 (0.8 - 1.0), and a 
median (IQR) Paw of 23 (21 - 25) cmH20. 
Median (IQR) amplitude was 44 (39 - 49) 
cmH20, and median (IQR) frequency was 
8 (8  - 10) Hz. Changes in PaCO2 and pH 
on CMV, HFOVi and HFOV24 are illustrated 
in Table 3. At 24 hours, the median (IQR) 
frequency had increased to 9 (8 - 10) Hz, 
while amplitude was relatively unchanged at a 
median (IQR) of 42 (40 - 45) cmH20.

Triggers for transitioning to 
CMV
All patients were transitioned with an FiO2 
≤0.6, with the majority (64%) at an FiO2 ≤0.4. 
Most patients (86.9%) were transitioned with 
a cMAP ≤20 cmH20. Twenty patients (80.0%) 
were transitioned with an OI ≤13. Three 
patients (12.0%) were transitioned with an OI 
14 - 17. Data on triggers for transitioning to 
CMV was missing for the remaining 2 of the 
25 patients who were transitioned to CMV. 

Outcomes
The survival rate for patients who were 
treated with HFOV was 70.6%. Eight (80.0%) 
mortalities occurred in the severe PARDS 
group, with 2 occurring in the moderate 
PARDS group. Mortality was higher than that 
predicted by the PIM3, with a mortality rate 
of 28.6% v. the 5.9% predicted in the moderate 
PARDS group and 34.8% v. the 9.5% predicted 
in the severe PARDS group. The median 
(IQR) duration of mechanical ventilation was 
9 (8 - 10), 12 (8 - 22) and 11 (8 - 13) days in 
the mild, moderate and severe PARDS groups, 
respectively. The median (IQR) PICU lengths 
of stay were 10 (9 - 12), 13 (11 - 24) and 
12 (9 - 14) days in the mild, moderate and 
severe PARDS groups, respectively.

Adverse events
Nineteen (55.9%) patients required new or 
increasing vasoactive support 4 hours after 
initiation of HFOV, with this occurring in 
20.0% of patients who were transitioned to 
a Paw <4 cmH2O above cMAP, in 55.6% 
of patients who were transitioned to a 
Paw 4 - 6  cmH2O above cMAP and in 
80.0% of patients who were transitioned to 
a Paw  >6  cmH20 above cMAP. Four (11.8%) 
patients developed pneumothoraces.

Discussion
HFOV has been proposed as a ventilator 
strategy for paediatric patients when CMV 
fails to achieve adequate gas exchange. 
However, the literature on the topic is limited, 
and evidence supporting the utility of HFOV 
remains elusive. The present study aimed to 
describe the clinical application of HFOV in 
our paediatric population, and evaluate our 
patients’ response to its use.

During the study period, a substantial 
proportion (32.7%) of patients with respiratory 
conditions were managed with HFOV, slightly 
higher than the reported use of HFOV 
globally, of between 3 and 30%.[2-4] The use of 
HFOV is usually in the setting of hypoxaemic 
respiratory failure necessitating ventilator 
settings in excess of accepted safe limits, or 
failure to achieve adequate gas exchange using 
CMV, particularly in units without access to 
extracorporeal respiratory support, as is the 
case in the study PICU.[1,8,10,11,17] While 25 
(73.5%) of the patients included in the study 
did indeed meet unit criteria for transition 
to HFOV on the basis of oxygenation criteria 
(OI ≥12), somewhat surprisingly, nearly half 
(44.1%) of the indications for HFOV were 
refractory respiratory acidosis.
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Fig. 1. PEEP/FiO2 values for patients in Group A (n=15; data missing for 2 patients). (PEEP = positive end-
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Among the patients in group A, the ventilatory settings on CMV 
demonstrated a range of FiO2 and PEEP combinations, with a wide 
range of resultant OIs. The majority of patients (80.0%) had PEEP levels 
of 10 - 16 cmH2O (largely consistent with recent consensus guidelines 
for severe PARDS),[1] but 3 patients had a PEEP of 8 cmH2O and a FiO2 
of 1.0, which produced OIs of 16, 17 and 23, respectively. Indeed, the 
data did not show a linear relationship between PEEP and FiO2 settings, 
as might be extrapolated from the adult ARDSNet PEEP:FiO2 tables.[21] 
Therefore, the use of the OI may be refined by the consideration of 
FiO2 settings together with PEEP in patients with PARDS. Additionally, 
the fact that virtually all patients with inadequate oxygenation were 
transitioned to HFOV with an OI in keeping with severe PARDS 
perhaps suggests that an OI ≥16 may be a more appropriate trigger to 
consider the use of HFOV as a rescue therapy, thereby representing 
a reasonable trade-off between purported benefits and risks. This 
contrasts with the recent OSCILLATE study,[6] which examined the use 
of HFOV as a primary ventilatory mode. However, the fact that 76.5% 
of patients were transitioned within 24 hours of admission suggests that 
many of the patients presented at the study site late. 

The approach to the setting of HFOV has shown wide variability 
worldwide.[2,10-12,17] This, taken together with the uncertainty in optimal 
timing of initiation, has been postulated as the reason for worse 
outcomes with longer duration of mechanical ventilation, and longer 
time to lung recovery.[13] Variability was evident in our unit as well, but 
largely limited to the initial Paw setting. The median (IQR) change 

in mean airway pressure from CMV to HFOV was 7 (4 - 10) cmH20, 
slightly higher than the range most often recommended.[2,10-12,17] The 
settings of both amplitude and frequency were much more consistent 
among our study patients.

In Group A, the HFOV settings produced an increase in Paw and 
OI, but resulted in an increase in PaO2 60 minutes post initiation of 
HFOV. By 24 hours, the PaO2 was still increasing, but this was now 
accompanied by a substantial reduction in OI, perhaps adding weight 
to the calls for prognostication of PARDS patients at 24 hours post 
admission, rather than on admission.[2,12,13,16-18,22,23]

In Group B, the efficacy of HFOV in enhancing ventilation was 
substantial, with reductions in PaCO2 producing a median pH of more 
than 7.25 at 60 minutes. The approach to setting amplitude was the 
same as that in Group A, but the initial frequency was set 2 Hz 
lower, to facilitate CO2 elimination. The amplitudes employed were 
generally ranges suggested in the majority of the literature,[8,9,16,24] with the 
exception of a recently proposed physiological, individualised approach 
to the setting of HFOV that utilised amplitudes of 70 - 90 cmH20.[25] The 
unusually high rate of refractory respiratory acidosis may have been due 
to the lack of proximal flow sensor utilisation in very young patients with 
relatively small tidal volumes. Therefore, the frequency with which we 
use HFOV in this setting may be exaggerated, and could potentially be 
reduced with more accurate minute ventilation monitoring. Nevertheless, 
HFOV proved highly effective at improving the removal of CO2 in this 
group of patients. 

Table 2. Patient characteristics (N=34)
Variable All* Group A (n=17)* Group B (n=15)*
Age (months), median (IQR) 2.75 (2.0 - 3.75) 3.0 (2.0 - 5.0) 2.0 (2.0 - 3.0)
Weight (kg) , median (IQR) 4.5 (3.93 - 5.48) 4.5 (4.5 - 5.95) 4.5 (3.8 - 4.9)
Age (months), n (%)

1 - 3
>3 - 6
>6 - 12
>12 - 24

25 (73.5)
6 (17.7)
1 (2.9)
2 (5.9)

10 (58.8)
4 (23.5)
1 (5.9)
2 (11.8)

13 (86.7)
2 (13.3)
0 (0)
0 (0)

Diagnosis, n (%)
Bronchopneumonia
Bronchiolitis
Aspiration pneumonia
Pneumocystis pneumonia
Chemical pneumonitis

23 (67.7)
3 (8.8)
1 (2.9)
5 (14.7)
2 (5.9)

11 (64.6)
 1 (5.9)
1 (5.9)
2 (11.8)
2 (11.8)

11 (73.4)
2 (13.3)
0 (0.0)
2 (13.3)
0 (0.0)

PIM3 score,† median (IQR) –4.89 (–5.10 - –4.54) –4.63 (–5.03 - –4.37) –5.03 (–5.11 - –4.76)
Probability of mortality (%),† median (IQR) 7.6 (6.1 - 10.8) 9.9 (6.7 - 12.9) 6.6 (6.1 - 8.7)
OI, median (IQR) 17.4 (12.1 - 25.9) 20.6 (17.3 - 26.9) 14.9 (10.3 - 27.4)
PaCO2 (mmHg), median (IQR) 68.9 (45.8 - 101.8) 47.3 (36.7 - 57.9) 122.0 (84.9 - 171.8)
PARDS severity, n (%)

Mild
Moderate
Severe

2 (5.9)
9 (26.5)
23 (67.6)

0 (0.0)
0 (0.0)
17 (100.0)

2 (13.3)
7 (46.7)
6 (40.0)

IQR = interquartile range; PIM3 = paediatric index of mortality 3; PARDS = paediatric acute respiratory distress syndrome.
*2 patients did not meet criteria for either group A or B.
†Data were only available for PIM3 score and probability of mortality in 31 patients.

Table 3. Ventilatory parameters on CMV, HFOVi and HFOV24 in group B (n=15), median (IQR)
Parameter CMV HFOVi HFOV24

PaCO2 (mmHg) 112.0 (83.3 - 159.0) 52.9 (47.9 - 67.6) 44.0 (37.1 - 53.3)
pH 6.93 (6.85 - 7.04) 7.28 (7.14 - 7.32) 7.39 (7.32 - 7.44)

IQR = interquartile range; CMV = conventional mechanical ventilation; HFOV = high-frequency oscillatory ventilation; HFOVi = initial HFOV settings, HFOV24 = HFOV settings after 24 hours.
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Despite the clear distinction in the indications for the initiation of 
HFOV, both groups of patients had similar HFOV settings prior to 
transition back to CMV. Studies have used various combinations of Paw 
and FiO2 and/or amplitude to trigger transition to CMV.[3,8,10,12,14,18] All 
study patients in this cohort were transitioned with an FiO2 <0.6 (64% 
with an FiO2 <0.4) and 84% with a Paw ≤20 cmH2O. Given the use of 
OI >12 as a trigger to initiate HFOV in the study, it is noteworthy that 
most patients (82.6%) were transitioned with an OI of ≤12. 

Complications associated with the use of HFOV appear to be 
infrequent.[2,3,8,11,12,22] The most common complications reported have 
been haemodynamic instability requiring vasoactive support, and 
pneumothoraces.[2,3,8,11,12,22] In our cohort, 55.9% of patients required 
either new or increased doses of vasoactive agents within 4 hours 
of initiation of HFOV. This proportion is in excess of reports from 
previous HFOV studies.[3,8,17,20,24] This appeared to be dose-dependent, as 
vasoactive usage was related to the magnitude of increase in Paw relative 
to cMAP, evidenced by the 80% of patients with an initial Paw increase 
of >6  cmH20 who required new or increasing doses of vasoactives. 
A possible explanation for the difference in haemodynamic stability 
might be the recent trend toward more fluid-restrictive management of 
respiratory patients, which may have resulted in reduced preload in the 
face of increased intrathoracic pressure.[1] The rate of escalation of initial 
Paw on HFOV may also have relevance, given the lower incidence of 
haemodynamic instability in a recent feasibility study, where Paw was 
increased gradually using the researchers’ individualised approach, 
despite final magnitudes of Paw change occurring that were similar to 
those in the present study.[25] 

The incidence of pneumothoraces was also higher (11.8%) than 
in recent reported studies.[3,8,12,18,22] Of note was the fact that three of 
the four patients with pneumothoraces were exposed to a substantial 
increase in Paw of 8 - 10 cmH2O when transitioned to HFOV. Given the 
absence of pneumothoraces in the individualised feasibility study,[25] this 
again raises the question of the potential protective effect of a gradual 
increase in Paw, rather than a single large increment. Taken together, 
the increased vasoactive use and pneumothorax incidence suggest that 
excessive increases in Paw relative to cMAP may potentially be harmful, 
and should possibly be limited to 4 - 6 cmH2O on initiation of HFOV. 

Mortality in patients with PARDS has been reported at anywhere 
between 10 and 40% overall, and 13 - 42% in those managed with 
HFOV.[12,17] The overall mortality of 29.4% in our study is therefore in 
line with international norms.[12,17] However, particularly with respect 
to the patients with severe PARDS, the observed mortality was 34.8%, 
while the PIM3 predicted mortality was 9.5%. Given that the most 
severe patients had observed mortality consistent with previous studies, 
yet so much in excess of the PIM3 estimation, this calls into question the 
applicability of the PIM3 to this particular group of critically ill children.

To the best of our knowledge, ours is the first study to describe the 
use and outcomes of HFOV in an SA PICU, thus addressing a local 
knowledge gap. It has highlighted the efficacy of the modality for both 
severe hypoxaemia and respiratory acidosis, while simultaneously 
revealing wide variation in the approach to the setting of HFOV, which 
may have directly contributed to the above-average reported adverse 
effects. 

The role of HFOV as a successful option for rescue suggested in the 
present study is perhaps contradicted by a recent propensity analysis[13] 
comparing early HFOV with CMV/late HFOV, which found that early 
use of HFOV was associated with longer durations of mechanical 
ventilation, after adjusting for baseline differences, including severity of 
illness. While we did not compare the outcomes of early HFOV to CMV/

late HFOV within our cohort, it is clear that prospective randomised 
trials are needed to clarify the role of HFOV and the optimal timing of 
transition both to and from HFOV.

Limitations
This study was conducted at a single unit where HFOV is utilised as a 
rescue modality, thus producing a relatively small sample size during 
the study period. This limits the generalisability of our results to other 
PICUs. In addition, the retrospective methodology of the study relied on 
the accuracy of record keeping.

Conclusion
HFOV was applied to nearly one-third of patients with acute respiratory 
failure. It was an effective rescue ventilatory strategy that resulted in 
rapid and sustained improvement in gas exchange in patients with 
severe hypoxaemia and/or severe respiratory acidosis where CMV 
settings had approached limits of safe use, and in the absence of 
extracorporeal support. However, the variability of practice, and the 
adverse events described, highlight the need for future high-quality 
randomised controlled trials to explore the most efficient timing 
(OI ≥16) and subsequent settings (initial increase in Paw 4 - 6 cmH20) of 
HFOV. This would allow for the development of meaningful guidelines 
to optimise future HFOV use. 
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