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Development of a prognostic scoring system in
patients with pneumonia requiring ventilator care for
more than 4 days: a single-center observational study
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Background: The aim of the present study was to develop a prognostic model using demo-
graphic characteristics, comorbidities, and clinical variables measured on day 4 of mechanical
ventilation (MV) for patients with prolonged acute mechanical ventilation (PAMV; MV for
>96 hours).

Methods: Data from 437 patients (70.9% male; median age, 68 years) were obtained over a
period of 9 years. All patients were diagnosed with pneumonia. Binary logistic regression iden-
tified factors predicting mortality at 90 days after the start of MV. A PAMV prognosis score
was calculating B-coefficient values and assigning points to variables.

Results: The overall 90-day mortality rate was 47.1%. Five factors (age > 65 years, body mass
index <18.5 kg/m? hemato-oncologic diseases as comorbidities, requirement for vasopres-
sors on day 4 of MV, and requirement for neuromuscular blocking agents on day 4 of MV) were
identified as prognostic indicators. Each factor was valued as +1 point and used to develop a
PAMV prognosis score. This score showed acceptable discrimination (area under the receiver
operating characteristic curve of 0.695 for mortality, 95% confidence interval 0.650-0.738,
P<0.001), and calibration (Hosmer-Lemeshow chi-square =6.331, with df 7 and P=0.502).
The cutoff value for predicting mortality based on the maximum Youden index was <2 (sen-
sitivity, 87.5%; specificity, 41.3%). For patients with PAMV scores <1, 2, 3, and >4, the 90-day
mortality rates were 29.2%, 45.7%, 67.9%, and 90.9%, respectively (P <0.001).

Conclusions: Our study developed a PAMV prognosis score for predicting 90-day mortality.
Further research is needed to validate the utility of this score.
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INTRODUCTION

Advances in the early management of acute critically ill patients requiring ventilator care
have led to long-term stays in the intensive care unit (ICU), which pose a high clinical and fi-
nancial burden. Notably, critical care resources and facilities at university-affiliated tertiary
care hospitals in Korea are typically more limited than those in North America and Europe
[1,2]. Furthermore, patients’ families or surrogates usually want to know a patient’s medical
status and likely clinical outcome if the patient is placed on mechanical ventilation (MV).
Therefore, developing strategies to improve outcomes and establishing long-term care plans
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for patients at the early stage of MV is necessary.

Recent studies have described a novel subpopulation of pa-
tients on ventilator care that require MV for more than 96 hours,
and these patients are referred to as “prolonged acute mechan-
ical ventilation (PAMV)” cases [3,4]. This subpopulation is cat-
egorized as patients with “chronic critical illness” (CCI) [5] and
is projected to increase over the next years [3]. If a PAMV case
still shows severe illness on day 4 of MV, the long-term prog-
nosis is likely to be poor. However, few studies have examined
factors that affect the long-term prognosis of these patients.

Based on a report about factors that are prognostic for 28-
day mortality [6], we hypothesized that some clinical variables
on day 4 of MV may be useful for predicting the long-term prog-
nosis of PAMV patients. Previous studies have suggested that
demographic characteristics, body mass index (BMI), and co-
morbidities have prognostic value in patients with critical ill-
ness [7-10]. If these clinical parameters can be used to predict
prognosis, it would be of great help to critical care physicians
with respect to treatment planning at the early stage of venti-
lator care.

In the present study, we evaluated prognostic indicators
that are useful for predicting the 90-day mortality of patients
on PAMV. We also constructed a mortality prediction model
(PAMV prognosis score) based on the prognostic factors. In
addition, we compared the ability of this new PAMV progno-
sis score with that of two commonly used severity of illness
scores (Acute Physiology and Chronic Health Evaluation [APA-
CHE] II and Sequential Organ Failure Assessment [SOFA]) to
predict mortality.

MATERIALS AND METHODS

In our study, the relevant medical, laboratory, and radiologi-
cal data were extracted and used to fill out a case report form
for each patient. These data were then analyzed. The study
protocol was approved by the Institutional Review Board of
Pusan National University Hospital (IRB No. 2003-012-088).
Due to the retrospective and observational nature of our
study, the need for informed consent from enrolled subjects
or their surrogates was waived. The study had no impact on
the treatment of enrolled patients.

Study Design and Patient Selection

This retrospective, observational study was conducted in the
medical ICU of a 1,200 bed university-affiliated tertiary care
hospital. This medical ICU has full cardiovascular facilities
and close airway monitoring equipment, with a nurse-to-bed
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AT

KEY MESSAGES

= Developing strategies for the early stage of ventilator care
are necessary to improve outcomes and establish a long-
term care plan.

= A prognostic model based on older age, low body mass
index, hemato-oncologic diseases as comorbidities, and
clinical variables on day 4 of MV (requirement for vaso-
pressors and neuromuscular blocking agents) is useful
for predicting 90-day mortality in patients with pneumo-
nia requiring ventilator care for more than 4 days.

ratio of 1:3. All subjects were managed according to therapeu-
tic recommendations (based on a lung-protective ventilator
strategy) [11].

Data from patients treated between March 1, 2008 and Feb-
ruary 28, 2017 were evaluated retrospectively. All adult sub-
jects (=18 years old) who were admitted to the medical ICU
were assessed for eligibility; patients who were admitted to
the coronary care unit were excluded. Patients diagnosed with
pneumonia (community- and hospital-acquired pneumonia
([CAP] and [HAP]) and receiving ventilator care for more than
96 hours (defined as PAMV) [4,12] were included. Patients
whose primary reason for ventilator care was not pneumonia
were excluded, as were patients who received tracheostomy
prior to hospital admission or less than 3 days after ICU ad-
mission; this is because early tracheostomy introduces bias
when predicting prognosis (Figure 1). The definition of CAP
and HAP was applied to enrolled patients; the definitions were
based on those in the literature [13,14].

Data Collection
Demographic and clinical data were obtained retrospectively

1,867 Screened

1,275 Excluded
1,086 Ventilator care less than 3 days
189 Transferred from another hospital

592 Assessed for eligibility

155 Excluded
92 Cause of ventilator care not pneumonia
46 Tracheostomy within 4 days of ventilator care
17 Tracheostomy before hospital admission

437 Final analysis

Figure 1. Flowchart of recruited and enrolled study participants.
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from electronic medical records; these data included age, sex,
BM], length of stay (LOS) in the ICU and hospital, and dura-
tion of MV. Severity of illness was measured using the APACHE
II score; accompanying organ failure was assessed using the
SOFA score [15,16]. The APACHE II and SOFA scores were cal-
culated from laboratory and clinical data obtained within the
first 24 hours of ICU admission. On admission, the underlying
comorbidities of all enrolled subjected were gathered from

Table 1. Clinical characteristics of survivors and non-survivors
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medical records. In addition, Charlson’s weighted index of
comorbidities (WIC) was evaluated, as previous studies dem-
onstrated the prognostic utility of this index in PAMV patients
[17,18].

Studies have reported that some clinical variables are prog-
nostic factors in patients under ventilator care [6,19-22]. There-

fore, the following laboratory and clinical data obtained on
day 4 of MV were recorded: complete blood count, the lowest

90-Day mortality

Variable Total (n=437) : - P-value
Survivor (n=231) Non-survivor (n=206)
Male sex 310(70.9) 167 (72.3) 143 (69.4) 0.528
Age (yr) 68 (18-91) 66 (18-91) 71(21-91) <0.001
Body mass index (kg/m?) 21.5(11.0-45.8) 21.8(14.7-36.2) 21.0 (11.0-45.8) <0.001
ICU length of stay (day) 8 (4-201) 19 (4-201) 16 (5-85) 0.021
Hospital length of stay (day) 29 (6-432) 40 (6-432) 24 (6-90) <0.001
Ventilator length of stay (day) 3(4-198) 13 (4-198) 13 (4-79) 0.003
APACHE Il score? 9 (3-44) 18 (3-38) 21 (6-44) <0.001
SOFA score® 6(2-19) 6(2-18) 7(2-19) 0.001
Charlson's weighted comorbidity index 3(0-15) 2(0-14) 4(0-15) <0.001
Underlying comorbidity®
Chronic lung disease 190 (43.5) 84 (36.4) 106 (51.5) 0.002
Hemato-oncologic disease 89 (20.4) 28(12.1) 61(29.6) <0.001
Neurologic disease 80(18.3) 51(22.1) 29 (14.1) 0.035
Chronic kidney disease 70 (16.0) 34(14.7) 36(17.5) 0.437
Clinical variable on fourth day of ventilator care®
Requirement of vasopressor 200 (45.8) 86(37.2) 114 (55.3) <0.001
Requirement of NMBA 181 (41.4) 78 (33.8) 103 (50.0) 0.001
Pa0,/Fi0, <200 mm Hg 169 (38.7) 77 (33.3) 92 (44.7) 0.018
Platelet count <100x 10°/L 151 (34.6) 64 (27.7) 87 (42.2) 0.002
Requirement of modialysis 74 (16.9) 34(14.7) 40 (19.4) 0.203
Multiple lobes involvement of chest X-ray* 368 (84.6) 188 (81.7) 180 (87.8) 0.085
Albumin <3.5 g/dL® 346 (96.9) 175 (95.6) 171(98.3) 0.221
Uremia (BUN >7 mmol/L)f 257 (68.4) 124 (62.9) 133 (74.3) 0.020
pH <7.35° 106 (24.7) 39(17.3) 67(32.7) <0.001
Lactic acid >2.0 mmol/L" 105 (40.9) 45 (34.1) 60 (48.0) 0.031
Tracheostomy during ICU stay 177 (40.5) 109 (47.2) 68 (33.0) 0.003

Values are presented as number (%) or median (range).

ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; NMBA: neuromuscular

blocking agents; BUN: blood urea nitrogen.

“All clinical data were calculated or obtained from medical records on the day of ICU admission; °The four most common underlying diseases are pre-
sented. Chronic lung diseases included chronic obstructive pulmonary disease, interstitial lung disease, bronchiectasis, and tuberculosis-destroyed lung.
Neurologic diseases included a previous history of cerebrovascular disease and neuromuscular disease; “All clinical data were calculated or obtained
from medical records on day 4 of ventilator care; “Data from 435 patients (survivors, 230; non-survivors, 205); “Data from 357 patients (survivors,183;
non-survivors, 174); Data from 376 patients (survivors, 197; non-survivors, 179); “Data from 430 patients (survivors, 225; non-survivors, 205); "Data

from 257 patients (survivors, 132; non-survivors, 125).
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Pa0./FiO; ratio, the need of vasopressors and hemodialysis,
and unavoidable requirement of neuromuscular blocking
agents (NMBAs) due to ventilator dyssynchrony (intermittent
or continuous). We also recorded the following clinical vari-
ables on day 4 of MV, based on studies about severity and prog-
nosis of CAP [23,24]: serum albumin, blood urea nitrogen (BUN),
pH on arterial blood gas analysis, and simple chest radiograph.
Lactic acid level was obtained on same day because accom-
panying septic shock would be important in predicting prog-
nosis [25].

The ICU, in-hospital, and 90-day cumulative mortality rates
after ventilator care were assessed. With respect to surviving
patients discharged from hospital, the 90-day mortality rate
was obtained from the National Health Insurance Service Da-
tabase. The primary outcome measure was 90-day mortality.

Statistical Analysis

Continuous variables are expressed as the median (range)
and were compared using the Student t-test or Mann-Whit-
ney U-test, as applicable. Categorical variables are expressed
as numbers (percentages) and were compared using the chi-
square test or Fisher’s exact test (for small numbers), as appli-
cable. Stepwise logistic regression analysis was used to identi-
fy factors that are independent predictors of 90-day mortality.
In addition, B-coefficients derived from multiple logistic re-
gression were simplified and presented as natural numbers
>0; these were calculated as the sum of the simplified -coeffi-
cients, as previously described [19-22,26]. The prognostic mod-
el (PAMV prognosis score) was developed based on the sum

Table 2. Logistic regression analysis of mortality in all patients
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of the B-coefficients. To predict 90-day survival, Kaplan-Meier
estimates were stratified according to the score, and curves
were compared using the log-rank test. The areas under the
receiver operating characteristic curve (AUCs) were used to
assess the discriminatory ability of the prognostic model. In
addition, model calibration was assessed using the Hosmer-
Lemeshow test. The AUCs of all prognostic models were com-
pared with those of the APACHE II and SOFA scores using the
DeLong test, as described previously [27]. An optimal cutoff
value was identified based on the maximum Youden'’s index
[28]. The sensitivity (SS), specificity (SP), positive likelihood
ratio (PLR), negative likelihood ratio (NLR), positive predic-
tive value (PPV), and negative predictive value (NPV) for pre-
dicting mortality were determined. All tests were two-tailed
and P-values <0.05 were considered statistically significant.
All statistical analyses were performed using IBM SPSS ver.
24.0 (IBM Corp., Armonk, NY, USA) and MedCalc ver. 19.4
(MedCalc Software, Ostend, Belgium).

RESULTS

Patient Characteristics

During the study period, a total of 1,867 patients received ven-
tilator care. After application of exclusion criteria, 437 were el-
igible for inclusion in the study (Figure 1). The ICU, in-hospi-
tal, and 90-day cumulative mortality rates were 35.2% (n=154),
39.1% (n=171), and 47.1% (n=206), respectively. Table 1 shows
the baseline characteristics of the patient group and compares

survivors and non-survivors at 90 days after ventilator care.

Variable Unadjusted OR (95% Cl) P-value Adjusted OR? (95% ClI) P-value B value
Age 265 yr 1.902 (1.277-2.834) 0.002 2309 (1.166-4.575) 0.016 0.837
BMI <18.5 kg/m? 1.873 (1.129-3.107) 0.015 3.823 (1.608-9.089) 0.002 1.341

Hemato-oncologic diseases as comorbidity 3.050 (1.858-5.006) <0.001 2.256 (1.082-4.705) 0.030 0.814
Requirement for vasopressor’ 2.089 (1.425-3.064) <0.001 3.048 (1.688-5.503) <0.001 1.114

Requirement for NMBA® 1.962 (1.333-2.885) 0.001 2.756 (1.479-5.133) 0.001 1.104
Chronic lung diseases as comorbidity® 1.855 (1.265-2.720) 0.002

Platelet count <100 10°/L° 1.908 (1.280-2.844) 0.002

Pa0,/Fi0, <200 mm Hg" 1.614 (1.095-2.378) 0.016

Uremia (BUN >7 mmol/L)* 1.702 (1.093-2.650) 0.019

pH <7.35° 2.315 (1.473-3.639) <0.001

Lactic acid >2.0 mmol/L° 1.785 (1.080-2.950) 0.024

OR: odds ratio; Cl: confidence interval; BMI: body mass index; NMBA: neuromuscular blocking agents; BUN: blood urea nitrogen.

*All values were included in the multivariate analysis using stepwise backward selection procedures (Hosmer-Lemeshow chi-square=6.331, df=7;
P=0.502); "All clinical data were calculated or obtained from medical records on day 4 of ventilator care; ‘Chronic lung diseases included chronic ob-
structive pulmonary disease, interstitial lung disease, bronchiectasis, and tuberculosis-destroyed lung.
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Figure 2. Kaplan-Meier survival curves, stratified according to the
prolonged acute mechanical ventilation prognosis score (log-rank
<0.001). ICU: intensive care unit.

Non-survivors were older, had a lower BMI, and shorter ICU,
hospital, and ventilator LOS than survivors. Non-survivors
also had higher APACHE II and SOFA scores on ICU admis-
sion and Charlson’s WIC than survivors. With respect to co-
morbidities, non-survivors had a significantly higher rate of
chronic lung diseases (chronic obstructive pulmonary dis-
ease, interstitial lung disease, bronchiectasis, and tuberculo-
sis-destroyed lung) and hemato-oncologic disease than survi-
vors (Table 1). Comparison of clinical variables on day 4 of
ventilator care revealed that non-survivors were more likely to
require vasopressors and NMBAs than survivors. In addition,
the percentages of patients with PaO./FiO. <200 mm Hg, plate-
let count <100 x 10°/L, BUN >7 mmol/L, pH <7.35, and lactic
acid >2.0 mmol/L were significantly higher in non-survivors
than among survivors (Table 1).

Prognostic Factors Associated with 90-Day Mortality
Univariate and multivariate analyses of risk factors predicting
90-day mortality are shown in Table 2. Multivariate analyses
identified age >65 years, BMI <18.5 kg/m? hemato-oncolog-
ic diseases as comorbidities, and two clinical parameters on
day 4 of ventilator care (requirement of vasopressors and NM-
BAs) as significant prognostic indicators of 90-day mortality.

A Prognostic Model for Predicting 90-Day Mortality

Based on the B-coefficients observed in multivariate analyses,
a PAMV prognosis score was developed based on all of the fac-
tors; each factor was valued as +1 point. This score showed
acceptable discrimination (AUC of 0.695 for mortality; 95%
confidence interval [CI], 0.650-0.738; P<0.001) and calibra-
tion (Hosmer -Lemeshow chi-square =6.331, with df 7 and
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Figure 3. Comparison of receiver operating characteristic (ROC)
curves for the prolonged acute mechanical ventilation (PAMV)
prognosis score, Acute Physiology and Chronic Health Evaluation
(APACHE) Il score, and Sequential Organ Failure Assessment (SOFA)
score for predicting 90-day mortality. For all patients, the areas
under the ROC curve (AUCs) for the PAMV prognosis score, SOFA
score, and APACHE Il score were 0.695 (95% Cl, 0.650-0.738;
P<0.001), 0.608 (95% Cl, 0.561-0.654; P<0.001), and 0.569 (95%
Cl, 0.521-0.616; P<0.001), respectively. The AUC for the PAMV
prognosis score was significantly higher than that of the other
two scores (P=0.009 and P=0.001, respectively). Cl: confidence
interval.

P=0.502) (Figure 2). The cutoff value for predicting mortality
based on the maximum Youden index was < 2 (SS, 87.5%; SP,
41.3%; PLR, 2.2; NLR, 0.7; PPV, 62.5%; and NPV, 74.6%). Kaplan-
Meier survival curves based on the model score were obtained
for 90-day mortality relative to the score for this model (Figure
2). As the score increased, so did the mortality rate (score <1,
2, 3, and 24=90-day mortality rates of 29.2%, 45.7%, 67.9%,
and 90.9%, respectively) (P <0.001).

For all patients, the AUCs for the PAMV prognosis, SOFA, and
APACHE II scores were 0.695 (95% CI, 0.650-0.738; P<0.001),
0.608 (95% CI, 0.561-0.654; P<0.001), and 0.569 (95% CI, 0.521-
0.616; P<0.001), respectively. Comparison of the AUCs of this
model with those of these two severity of illness scores revealed
that the AUC of the PAMYV prognosis score were significantly
higher than those of the two scores (P=0.009 and P=0.001,
respectively (Figure 3).

DISCUSSION

The present study evaluated prognostic factors in PAMV pa-
tients diagnosed with pneumonia in a medical ICU. The anal-
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ysis identified older age, being underweight, hemato-onco-
logic diseases as comorbidities, and clinical factors (require-
ment of vasopressors and NMBAs) on day 4 of MV as useful
predictors of 90-day mortality. These indicators are readily
applicable to these patients because they have been noted as
prognostic factors in various reports in the field of critical care
medicine [6,7,9,20-22,29)].

The results were used to develop a prediction model. The
model showed good discrimination and calibration for pre-
dicting mortality. Based on the AUCs, the model was not infe-
rior to the APACHE and SOFA scores obtained on the day of
admission. Our PAMV prognosis model is objective and easy
to extract, making it easy to link to electronic medical records
to inform clinical care. Although this model should not over-
ride clinical judgment, the present study suggests that the mod-
el would help critical care physicians inform the patients’ fami-
ly or surrogates about the likely LOS in the ICU when a patient
is placed on MV. However, the model requires further valida-
tion in large-scale multicenter studies.

The prevalence, long-term mortality, and costs of CCI are
substantial [5]; therefore, prognostic models for predicting
long-term outcomes have been developed using the clinical
variables of patients on ventilator care. The ProVent score was
validated to predict 1-year mortality in patients requiring pro-
longed MV (defined as more than 21 days of MV) [21,30,31].
This score is based on four variables readily assessed on day 21
of MV: a requirement for dialysis, a requirement for vasopres-
sors, age >50 or >65 years, and a platelet count <150 x 10%/L.
In addition, the extended ProVent model included comorbid-
ities and laboratory data (albumin, bilirubin) [9]. Currently,
the ProVent14 score is used to predict 1-year mortality in pa-
tients requiring MV for more than 14 days; this score is derived
by assessing clinical variables on day 14 of MV. These variables
include a requirement for dialysis, a requirement for vasopres-
sors, age =50 or =65 years, a platelet count <100x 10°/L, and
anon-trauma diagnosis [19,22]. A study of PAMV patients iden-
tified four variables on day 4 of MV (a requirement for vaso-
pressors, a requirement for NMBAs, a requirement for dialy-
sis, and a BMI <21 kg/m?) as independent factors predictive
of 28-day mortality [6]. The major advantage of the above-men-
tioned models is their simplicity, which means that they can
be used in clinical practice and help inform management de-
cisions regarding patients on MV. Herein, we included five
clinical factors in developing the prognostic model, which is
useful for predicting mortality. However, our PAMV prognosis
model is not ideal for assessing prognosis in critically ill pa-
tients on MV, which raise several considerations. First, other
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clinical variables (such as PaO,/FiO, <200 mm Hg, platelet
count <100 x10°/L, albumin <3.5 g/dL, BUN >7 mmol/L,
pH <7.35, lactic acid >2.0 mmol/L, and serum sodium > 145
mmol/L) are reported as prognostic factors in critically ill pa-
tients [19,23-25,32]. Other research may find that these pa-
rameters are prognostic factors of PAMV patients. Second, clin-
ical outcomes are affected by multiple extraneous factors, in-
cluding the perspectives of the patient’s family or surrogates,
physician-family communications, and the utilization of med-
ical resources. Third, critical care resources and facilities at
university hospitals are limited, which also affects prognosis
[1,33]. Therefore, developing new prediction models for pa-
tients requiring early stage ventilator care and for those requir-
ing long-term ventilator care is necessary. In addition to clini-
cal variables, socioeconomic, and ethical issues should be in-
cluded in prognostic models and examined in large-scale mul-
ticenter studies.

The present study had several limitations. First, the study
was conducted in the medical ICU of a single-center institu-
tion; therefore, the data may not be generalizable to other set-
tings. Second, we hypothesized that the prognostic model
would differ according to CAP and VAP; however, we could
not accurately distinguish between these diagnoses due to the
retrospective nature of the study. Third, other clinical vari-
ables such as organ dysfunction on day 4 of MV, or other co-
morbidities, could be considered for inclusion in the prognos-
tic model; however, we found no such additional prognostic
factors, which may be because of incomplete medical records.
Finally, our study investigated prognostic factors for PAMV
patients with a diagnosis of pneumonia; patients requiring
PAMV due to other causes would need a different prognostic
model. Further studies based on heterogeneous populations
are needed to develop such prognostic models.

In conclusion, to the best of our knowledge, this study is the
first to develop a prognostic model for predicting 90-day mor-
tality in PAMV patients based on clinical variables on day 4 of
MYV, comorbidities, and BMI. Large-scale multicenter studies
are needed to evaluate additional useful prognostic indicators
and to develop new prognostic models with a higher power to
predict long-term mortality. Such models will aid decision-
making by critical care physicians at the early stage of MV.
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