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Take-home message: In patients with
severe ARDS, prone positioning was
associated with a higher risk of pressure
ulcers than the supine position. This means
preventive measures should be implemented
when the decision to use prone positioning
is made.
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Abstract Purpose: Placing
patients with severe acute respiratory
distress syndrome (ARDS) in the
prone position has been shown to
improve survival as compared to the
supine position. However, a higher
frequency of pressure ulcers has been
reported in patients in the prone
position. The objective of this study
was to verify the impact of prone
positioning on pressure ulcers in
patients with severe ARDS. Meth-
ods: This was an ancillary study of
a prospective multicentre randomised
controlled trial in patients with severe
ARDS in which the early application
of long prone-positioning sessions
was compared to supine positioning
in terms of mortality. Pressure ulcers
were assessed at the time of ran-
domisation, 7 days later and on
discharge from the intensive care unit
(ICU), using the four-stage Pressure
Ulcers Advisory Panel system. The
primary end-point was the incidence
(with reference to 1,000 days of
invasive mechanical ventilation or
1,000 days of ICU stay) of new
patients with pressure ulcers at stage
2 or higher from randomisation to
ICU discharge. Results: At ran-
domisation, of the 229 patients
allocated to the supine position and
the 237 patients allocated to the prone
position, the number of patients with
pressure ulcers was not significantly
different between groups. The

incidence of new patients with pres-
sure ulcers from randomisation to
ICU discharge was 20.80 and 14.26/
1,000 days of invasive mechanical
ventilation (P = 0.061) and 13.92
and 7.72/1,000 of ICU days
(P = 0.002) in the prone and supine
groups, respectively. Position group
[odds ratio (OR) 1.5408,
P = 0.0653], age [60 years (OR
1.5340, P = 0.0019), female gender
(OR 0.5075, P = 0.019), body mass
index of [28.4 kg/m2 (OR 1.9804,
P = 0.0037), and a Simplified Acute
Physiology Score II at inclusion of
[46 (OR 1.2765, P = 0.3158) were
the covariates independently associ-
ated to the acquisition of pressure
ulcers. Conclusion: In patients with
severe ARDS, prone positioning was
associated with a higher frequency of
pressure ulcers than the supine posi-
tion. Prone positioning improves
survival in patients with severe
ARDS and, therefore, survivors who
received this intervention had a
greater likelihood of having pressure
ulcers documented as part of their
follow-up. There are risk groups for
the development of pressure ulcers in
severe ARDS, and these patients need
surveillance and active prevention.
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Introduction

It has recently been demonstrated in patients with severe
acute respiratory distress syndrome (ARDS) that if the
patient is kept in the prone position (PP) for long sessions
at an early stage of treatment, mortality significantly
decreases as compared to patients with severe ARDS kept
in the supine position (SP) [1]. This result should
encourage healthcare providers to implement this proce-
dure in their ICUs. Indeed, one of the barriers to the
routine use of PP for patients with severe ARDS was that
the procedure was not associated with any proven benefit
in terms of patient outcome, and hence the benefit–risk
ratio was no better for the PP than for the SP. In the
Proseva study [1], not only was survival higher in the PP
group, but there was also no significant difference in
airway-related complications between the PP and SP
groups. However, it should be noted that several studies
have found a higher frequency of pressure ulcers in
patients kept for long sessions in the PP [2–6], a finding
that was confirmed in a meta-analysis by Sud et al. [7].
Pressure ulcers are a complication of concern in the
intensive care unit (ICU) because they are associated with
pain, super infections, longer stays and increased costs
[8]. Previous studies have only assessed the attack rate of
pressure ulcers and, furthermore, they did not take into
account confounding factors for pressure ulcers other than
positioning, such as the duration of invasive mechanical
ventilation and the length of stay in the ICU. The fol-
lowing risk factors for pressure ulcers in ICU patients
have been reported: age [9, 10], emergency admission
[11], use of norepinephrine [10, 12], cardiovascular
comorbidity [10], respiratory comorbidity [11], Sequen-
tial Organ Failure Assessment Score (SOFA) [11], length
of stay in the ICU, duration of invasive ventilation [9, 10,
13], winter ICU admission [11] and immobilisation [10,
11, 13].

The objective of our study reported was to compare
the incidence and severity of pressure ulcers in patients
with severe ARDS enrolled in the Proseva trial [1], with
the aim of determining, if possible, whether the higher
frequency of pressure ulcers in patients allocated to the
prone position group was related to body position or to
better survival.

Methods

Patients

This is an ancillary study of the Proseva trial [1] that
focussed on a secondary outcome measure included in the
original protocol. In this ancillary trial we enrolled 474
patients with severe ARDS, of whom 466 were analysed

(229 in the SP group, 237 in the PP group). Severe ARDS
was defined as a PaO2/FIO2 (partial pressure oxygen
in arterial blood/fraction of inspired oxygen) ratio
of \150 mmHg with a FIO2 of C0.6, a positive end-
expiratory pressure (PEEP) of C5 cm H2O and a tidal
volume (VT) of 6 ml/kg predicted body weight. In the PP
group, patients were placed in a fully horizontal prone
position (180�) within 1 h after the randomisation for
sessions of C16 consecutive hours until predetermined
stopping criteria were met. The patient remained in his/her
own bed with no additional support. Participating centres
were provided with guidelines so that PP placement,
protection using colloid dressings and other pressure ulcer
prevention and follow-up measures were standardised as
far as possible [14]. The protocol was approved by the
ethics committee. The study was performed in accordance
with the ethical standards laid down in the 1964 Decla-
ration of Helsinki and its later amendments. Informed
consent was obtained from next of kin in every instance.

Data collection

The pressure ulcers were staged according to the National
Pressure Ulcer Advisory Panel’s Updated Pressure Ulcer
Staging System (NPUAP) [15, 16] at the time of ran-
domisation (day 1), 7 days after randomisation (day 7)
and at the time of ICU discharge in both groups. The
NPUAP scoring system includes the following four
stages: (1) intact skin with non-blanchable erythema; (2)
partial thickness loss of dermis; (3) full thickness skin
loss; (4) full thickness tissue loss with exposed bone,
tendon or muscle. The assessment of the NPUAP score
was conducted in real time by the investigator responsible
for the study at each centre, together with other data (see
below). Furthermore, the data were checked by the
research assistant in each centre in real time or 1 day later
if the inclusion, day 7 or ICU discharge occurred at the
weekend. For confirmation, the nurse’s notes on the chart
were used.

The following confounding variables were recorded at
day 1: SP or PP group, gender, age, body mass index,
trauma, PaO2/FIO2, Simplified Acute Physiology Score
(SAPS) II [17], sepsis [18], comorbidities (cardiac, vas-
cular and pulmonary [19]), pneumonia as the main risk
factor for ARDS and SOFA score [20]. The number of
days each patient in the ICU was administered norepi-
nephrine in a dose of at least 0.1 mg/kg/min was also
recorded.

Analysis

The number of patients with at least one pressure ulcer
and the number of patients according to pressure ulcer site
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were measured in each group and expressed as counts and
percentage points per group. The pressure ulcer score was
computed by taking the NPUAP stage as a continuous
variable and therefore using each NPUAP stage (1–4) as a
quantitative value.

Grouping variables were: (1) SP versus PP group,
which was a controlled variable; (2) presence or absence
of pressure ulcers at day 1; (3) presence or absence of
patients with new pressure ulcers between day 1 and day
7, or ICU discharge. For grouping variables 2 and 3, we
reasoned that the clinical assessment of NPUAP stage 1
was likely to be variable over time and across observers
as compared to that of the other three stages. Therefore,
two distinct analyses were conducted: firstly on all pres-
sure ulcers regardless of NPUAP stage and, secondly, on
pressure ulcers at stage 2 or higher.

The primary end-point was the incidence of new
patients with pressure ulcers at stage 2 or higher from day
1 to ICU discharge. The secondary end-points were the
incidence of new patients with pressure ulcers from day 1
to day 7, the incidence of new pressure ulcers from day 1
to day 7 and to ICU discharge, the proportion of patients
with pressure ulcers both overall and according to site at
day 7 and ICU discharge and mean pressure ulcer score
overall and by site.

The incidence of new pressure ulcers was computed as
the number of new pressure ulcers divided by 1,000 days
of invasive mechanical ventilation or by 1,000 days of
ICU stay in each group. The incidence of new patients
with pressure ulcers was computed as the number of new
patients with pressure ulcers divided by 1,000 days of
invasive mechanical ventilation or by 1,000 days of ICU
stay in each group.

The comparison between groups was performed using
parametric and non-parametric tests as fitting. The com-
parison of incidence between groups was performed using
the Z score. A logistic regression analysis was performed
to adjust the primary end-point with the confounding

factors found to be statistically significant in the univar-
iate analysis. In order to more clearly identify the
subgroups at risk when pertaining to discrete covariates,
these were collapsed into two groups, i.e. equal to or
greater than the median value and lower than the median
value. This additional analysis was performed for the
following two reasons: (1) to explore whether the higher
frequency of pressure ulcer resulted from either a direct
effect of the prone position or was an indirect effect of
prolonged survival in the prone position group; (2) to
select those patients at higher risk for pressure ulcer who
should receive preventive measures once the clinician has
chosen to use prone positioning. The statistical analysis
was carried out using SPSS software ver. 17.0 (http://www-
01.ibm.com/software/fr/analytics/spss/products/statistics/).
The P value of \0.05 was taken as the statistical signif-
icant threshold.

Results

Proportion of patients with pressure ulcers

Data on pressure ulcers at the time of randomisation were
missing for four patients in the SP group and for one
patient in the PP group. More data were missing at day 7,
as some patients had either died or been discharged. At
ICU discharge, data were missing for two patients in the
SP group and for three patients in the PP group.

At day 1, the number of patients with pressure ulcers,
overall and by site, was not significantly different
between the two groups [Electronic Supplementary
Material (ESM) Table 1]. The mean overall pressure ulcer
score was 0.4 ± 1.1 and 0.4 ± 1.0 in the SP and the PP
groups, respectively (P = 0.980). At day 7, the rate of
patients with pressure ulcers was significantly higher in
the PP group than in the SP group (Table 1). As expected,
the rate of pressure ulcers involving the face and the

Table 1 Number of patients with pressure ulcers by pressure ulcer site in both study groups at day 7 and at intensive care unit discharge

Number and sites of PUs Day 7 ICU discharge

SP (n = 229) PP (n = 237) P value SP (n = 229) PP (n = 237) P valuea

Total number of patients with PUs 79/186 (42.5) 116/204 (57.1) 0.005 85/225 (37.8) 103/232 (44.4) 0.151
Number of patients by PU site

Face 8/184 (4.3) 58/197 (29.4) \0.0001 3/216 (1.4) 41/223 (18.4) \0.0001
Back 7/184 (3.8) 2/189 (1.1) 0.0840 9/216 (4.2) 2/214 (0.9) 0.0338
Sacrum 49/187 (26.2) 40/196 (20.4) 0.1795 63/220 (28.6) 47/221 (21.3) 0.0737
Heel 31/186 (16.7) 22/190 (11.6) 0.1563 30/220 (13.6) 22/214 (10.3) 0.2818
Back of head 3/184 (1.6) 6191 (3.1) 0.3392 7/215 (3.3) �14 (0.5) 0.0328
Anterior part of thorax 1/184 (0.5) 35/195 (17.9) \0.0001 2/216 (0.9) 14/219 (6.4) 0.0025
Other site 12/181 (6.6) 48/190 (25.3) \0.0001 15/214 (7.0) 36/213 (16.9) 0.0016

Data are presented as the number of patients with ulcers/number of
patients at that time point (day 7 or ICU discharge) for whom data
were available, with the percentage in each group given in
parenthesis

SP Supine position, PP prone position, PU pressure ulcer, ICU
intensive care unit
a Pearson chi-square
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anterior part of the thorax was significantly higher in
patients in the PP group than in those in the SP group
(Table 1). Compared to the SP group, the pressure ulcer
score in the PP group was significantly higher for the face,
thorax and other sites, and the opposite was true for the
score for the back sites (Table 2).

At the time of ICU discharge, the rate of patients
with pressure ulcers was no longer different between
groups. The rate of pressure ulcers involving the face
and the anterior part of the thorax was significantly
higher in patients in the PP group than in those in the
SP group, and the rate of pressure ulcers on the back
and the back of the head was significantly higher in the
SP group than in the PP group (Table 1). The overall
score was not significantly different between the two
groups due to the higher scores for the face, thorax and
other sites in the PP group being balanced out by lower
scores for the back, sacrum, and back of the head sites
also in the PP group compared to the SP group
(Table 2).

Incidence of pressure ulcers

The incidence of new patients with pressure ulcers per
1,000 days of invasive ventilation from day 1 to ICU
discharge was not significantly different between the two
groups for the pressure ulcers at stages 1–4 or at stages[1
(Fig. 1, bar chart top left). However, the incidence of new
patients with pressure ulcers at stages [1 per 1,000 days
of ICU stay was significantly higher in the PP group than
in the SP group (Fig. 1, bar chart top right). The incidence
of new patients with pressure ulcers from day 1 to day 7
was significantly higher in the PP group than in the SP
group for both stage analyses and both denominators
(Fig. 1, top charts). The findings were similar for the
incidence of new pressure ulcers (Fig. 1, bottom charts).
In both groups, the incidence of pressure ulcers was
higher from day 1 to day 7 than during the stay as a
whole.

Risk factors for pressure ulcers

Age and SOFA score were significantly higher at the time
of randomisation in patients with pressure ulcers than in
those without at all stages (ESM Table 2). For patients
with pressure ulcers at stages 1–4, SAPS II was signifi-
cantly higher and sepsis was significantly more frequent
in patients with pressure ulcers. This difference was not
observed for the ulcers at all stages.

Age was significantly higher and female gender was
more frequent in patients with pressure ulcers acquired
between randomisation and ICU discharge compared to
those without, regardless of the stage analysis used
(Table 3). Body mass index and SAPS II at inclusion
were significantly higher in patients with pressure ulcers,
but only for pressure ulcer stage [1.

Therefore, these confounding variables were used in
the regression analysis together with the patient position
group. The results of the regression analysis pertaining to
the risk factors for new patients with a pressure ulcer of
stage [1 at the time of ICU discharge are shown in
Table 4. Male gender, age C60 years and body mass
index B28.4 kg m2 were significant risk factors.

Discussion

The main findings of our study are: (1) patients in the PP
group had a higher frequency of pressure ulcers acquired
during their ICU stay; (2) the effect of PP group was no
longer significant after controlling for confounders.
Although length of stay in the ICU is a commonly
accepted risk factor for pressure ulcers, the incidence of
patients with pressure ulcers acquired per 1,000 days of
ICU stay is not available in most studies on pressure
ulcers. The incidence of pressure ulcers found in the
Proseva trial [1] (15.5 per 1,000 ICU days) is higher than
that measured by Manzano in 2010 [9], which amounted
to 14.3 per 1,000 ICU days. This difference could be due

Table 2 Overall and by site pressure ulcer score at day 7 and at ICU discharge in both groups

Position of PUs and
total PU score

Day 7 ICU discharge

SP (n = 187) PP (n = 200) P value SP (n = 227) PP (n = 234) P valuea

Face 0.09 ± 0.46 0.60 ± 1.06 \0.001 0.03 ± 0.25 0.37 ± 0.89 \0.001
Back 0.06 ± 0.31 0.01 ± 0.07 0.023 0.07 ± 0.36 0.02 ± 0.21 0.029
Sacrum 0.43 ± 0.83 0.30 ± 0.70 0.111 0.57 ± 1.06 0.41 ± 0.93 0.043
Heel 0.25 ± 0.67 0.17 ± 0.56 0.133 0.23 ± 0.69 0.18 ± 0.64 0.421
Back of head 0.04 ± 0.30 0.06 ± 0.38 0.384 0.06 ± 0.39 0.01 ± 0.20 0.030
Anterior part of thorax 0.01 ± 0.15 0.29 ± 0.70 \0.001 0.01 ± 0.15 0.09 ± 0.42 0.005
Other site 0.11 ± 0.48 0.40 ± 0.82 \0.001 0.15 ± 0.62 0.29 ± 0.79 0.006
Total score 0.99 ± 1.60 1.83 ± 2.22 \0.001 1.12 ± 2.02 1.37 ± 2.06 0.200

a Kruskal–Wallis test
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Fig. 1 Incidence of new patients with pressure ulcers (PU) (top)
and of new PUs (bottom) from randomisation (D1) to 7 days after
randomisation (D7) and from day 1 to ICU discharge (discharge) in
the supine position (SP; grey bars) and the prone position (PP;
black bars) groups expressed per 1,000 days of mechanical

ventilation (left) or per 1,000 of days in the intensive care unit
(ICU) (right). *P \ 0.05, **P \ 0.01, �P \ 0.001 as compared to
the PP group. Two analyses were done: one for the four PU stages
(all PU) and one restricted to PU stages 2–4 (PU [1)

Table 3 Risk factors for pressure ulcers acquired between randomisation and ICU discharge

Confounding factora PU (n = 153) No PU (n = 313) P PU [1 (n = 101) No PU [1 (n = 365) P

Age 62 ± 14 58 ± 17 0.0174d 63 ± 13 58 ± 16 0.0283d

SP group 62 (40.5) 167 (53.4) 0.0093c 42 (41.6) 187 (51.2) 0.0860c

PP group 91 (59.5) 146 (46.6) 59 (58.4) 178 (48.8)
Gender male 115 (75.2) 203 (64.9) 0.0248c 78 (77.2) 240 (65.8) 0.0284c

Gender female 38 (24.8) 110 (35.1) 23 (22.8) 125 (34.2)
Body mass index at inclusion 29 ± 7 28 ± 7 0.1234b 30 ± 8 28 ± 7 0.0053b

Traumatic surgery 2 (1.3) 8 (2.6) 0.3085e 0 (0.0) 10 (2.7) 0.0965c

PaO2/FiO2 at inclusion 103 ± 26 105 ± 25 0.3512b 104 ± 26 104 ± 25 0.8671b

SAPS II at inclusion 48 ± 17 45 ± 15 0.0608b 49 ± 16 45 ± 16 0.0211b

Sepsis at inclusion 19 (12.5) 44 (14.1) 0.6453c 9 (8.9) 54 (14.8) 0.1238c

Pneumonia at inclusion 101 (66.4) 201 (64.2) 0.6364c 70 (69.3) 232 (63.7) 0.2992c

SOFA score at inclusion 10 ± 3 10 ± 3 0.2178b 10 ± 3 10 ± 3 0.7442b

Norepinephrine C0.1 mg/kg/min 112 (74.2) 197 (63.5) 0.02278c 75 (75.0) 234 (64.8) 0.0553c

Cardiac comorbidity 15 (9.9) 21 (6.8) 0.2361c 7 (5.9) 29 (8.0) 0.7354c

Pulmonary comorbidity 18 (11.8) 31 (9.9) 0.5306c 12 (11.9) 37 (10.2) 0.6253c

Vascular comorbidity 23 (15.2) 34 (10.9) 0.1970c 15 (14.9) 42 (11.6) 0.3639
Winter at randomisation 44 (28.9) 102 (32.7) 0.4148c 28 (27.7) 118 (32.5) 0.3598c

Data are presented as the mean ± standard deviation (SD) or as the
number with the percentage per group given in parenthesis
PaO2/FiO2 Partial pressure oxygen in arterial blood/fraction of
inspired oxygen ratio, SOFA Sequential Organ Failure Assessment
a Comorbidity according to Charlon’s score [19]

b Analysis of variance
c Pearson chi-square
d Kruskal–Wallis
e Fisher exact
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to the fact that the Proseva trial included patients with
more baseline risk factors, such as higher PaO2/FIO2 ratio
or SOFA score. The strict inclusion criteria for the
Proseva study prevent further comparison with the other
studies. The incidence of pressure ulcers acquired per
1,000 days of ICU stay in the Proseva trial (23.1) is lower
than that measured in our first trial [21]. In the latter study
the incidence for pressure ulcers was as high as 33.3 per
1,000 ICU days, but it should be noted that pressure ulcers
were not assessed in the same way in this study as in the
other two studies. In the Proseva trial a lower incidence
was found for both the PP and the SP groups than in our
previous trial, but the reduction was greater in the latter
than in the former. The global comparison performed on
the incidence does not take into account two important
points. The first is that the risk for pressure ulcer is not
constant during the whole ICU stay as the first week of
ICU stay is associated with a higher risk. The second is
that the comparison between PP and SP groups is biased
by the prolonged survival of the patients in the PP group,
who are consequently exposed for a longer period to the
risk for subsequent pressure ulcer.

The relative risk ratio of pressure ulcer acquisition
between the SP and PP groups computed from the global
incidence rate is available in a relatively large number of
studies. In the Proseva trial [1] it was equal to 1.41 (38.4 %
for the PP group, 27.1 % for the SP group). This risk ratio
is similar to that calculated in the meta-analysis of dif-
ferent trials by Sud et al. [7] (1.36) and that found in
Gattinoni’s study (1.31) [2], and it is slightly higher than
that reported in our previous trial (1.22) [21]. The differ-
ence could be explained by longer PP sessions, inclusion
of more severe patients, and, as discussed above, pro-
longed survival in the Proseva trial. The overall conclusion

that can be drawn from these considerations is that prone
positioning generates pressure ulcers at a steady rate. This
has important implications in terms of preventive mea-
sures because the results of the Proseva trial are likely to
change practices, and hence more patients may well be
exposed to the risk of pressure ulcers. Therefore, health-
care providers working in the ICU should not only
implement the prone positioning technique but also the
associated preventive measures for pressure ulcers.

In the present study we found that the body mass
index, male gender and age were significant covariates for
the risk of pressure ulcers during the stay in the ICU. This
finding is important because it helps to identify those
patients who require preventive measures. Therefore,
male patients aged C60 years and with a body mass index
of at least 28.4 kg m2 should be given much more
attention in terms of pressure ulcer prevention. Further-
more, the results of the present study did not confirm the
impact of previously identified risk factors for pressure
ulcers, such as the use of vasopressors, winter admissions,
SOFA score, respiratory and cardiovascular comorbidi-
ties. We have no clear explanation for this.

The considerations discussed above have some limi-
tations. The studies investigating PP were conducted over
a long period of time, between 2000 and 2012. During this
period, practices may well have changed in line with the
prevention policy implemented in the ICUs, and new
preventive devices have been developed. Furthermore, it
is highly likely that the practice of positioning is different
across the ICUs, and due to the relative small number of
patients included in each ICU this factor is difficult to
analyse. Prevention guidelines were distributed to ICUs
participating in the Proseva trial, but compliance with the
measures was not assessed during the study, and the
support was not standardised [22]. However, investigators
in each centre used the own support of the patient and no
specific bed was employed during the trial. It should be
acknowledged that the incidence of pressure ulcers was
not the primary end-point of the study. A more relevant
analysis would have been a Cox proportional hazard
model, but the date of occurrence of pressure ulcers was
not included in the protocol. Finally, the present results
were obtained from a randomised controlled trial with
several non-inclusion criteria. Therefore, the present
results are only valid for the population enrolled, at least
theoretically.

In conclusion, in patients with severe ARDS, prone
positioning, partly because it markedly prolonged
patients’ survival, was associated with a higher risk of
pressure ulcers than the supine position. This means that
preventive measures should be implemented when the
decision to place the patient in the prone position is made.
Further trials should be carried out to test these preventive
measures.

Conflicts of interest The authors declare no conflict of interest.

Table 4 Logistic regression of risk factors of patients with pressure
ulcer of stage [1 acquired between randomisation and ICU
discharge

Risk factors Odds ratio 95 % Confidence
interval

P value

Group
SP 1
PP 1.5408 0.972–2.4402 0.0653

Age
\60 years 1
C60 years 1.5340 0.9433–2.4946 0.0119

Gender
Male 1
Female 0.5075 0.2992–0.8610 0.0119

Body mass index at inclusion
\28.4 kg m2 1
C28.4 kg m2 1.9804 1.248–3.1412 0.0037

SAPS II at inclusion
\46 1
C46 1.2765 0.7923–2.0566 0.3158

PP prone position, SP supine position, SAPS simplified acute
physiology score
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