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SUMMARY

Introduction/Objective The aim of this study was to determine independent predictors and the best
trauma scoring system (REMS, RTS, GSC, SOFA, APPACHE II) of in-hospital mortality in patients with
severe trauma at the Department of Emergency, Emergency Center, Clinical Center of Serbia, Belgrade.
Methods Longitudinal study included 208 consecutive patients with severe trauma. In order to determine
independent survival contributors, univariate and multivariate Cox regression analyses were performed.
The power of above-mentioned scoring systems (measured at admission to the Emergency center) to
predict mortality was compared using the area under the curve (AUC).

Results There were 208 patients (159 male, 49 female), with the average age of 47.3 £ 20.7 years. Major-
ity of patients were initially intubated (86.1%) on admission to the emergency department, and 59.6%
patients were sedated before intubation. After finishing of diagnostic procedures, 17 patients were
additionally intubated, and, at that time, 94.2% patients were on mechanic ventilation. The majority of
patients was traumatized in a car crash (33.2%), followed by falls from height (26.4%) and as pedestrians
(22.6%). Patients had an average of 24.7 + 21.2 days spent in intensive care unit. The overall case-fatality
ratio was 17/208 (8.2%). In Cox regression analysis only elevated heart rate (HR = 1.03, p = 0.012) and
decreased arterial oxygen saturation (SpO,) (HR =0.91, p = 0.033) singled out as independent contributors
to in-hospital mortality of patients with severe trauma. REMS (AUC 0.72 + 0.64) and SOFA (AUC 0.716 +
0.067) scores were found fair and similar predictor of in-hospital mortality, while APACHE Il (AUC 0.614
+0.062) and RTS (0.396 + 0.068) were poor predictors.

Conclusion Results of this study showed an important role of REMS, which appears to provide balance
between the predictive ability and the practical application, and components of REMS in prediction of
outcome in patients with severe trauma and that HR and SpO, are independent predictors of in-hospital

mortality.
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INTRODUCTION

Trauma remains an increasingly common
entity and one of the leading causes of death
among young adults, killing a million people
worldwide. Therefore, trauma is significant
factor of morbidity, disability, mortality and
has important financial and social impact [1].
Keeping in mind the frequency and conse-
quences of trauma, it is very important to de-
fine predictors of outcome with certain level
of accuracy. However, this issue is related to
measuring quality of trauma system, including
feasibility, ethical considerations, risk assess-
ment, and other type of evaluation. All these
activities have the same goal, to support the
concept of preventable death resulting from
poor medical care [2].

In order to assess injury severity and predict
prognosis, many different trauma-scoring sys-
tems are used. These measures vary widely in
terms of design, complexity, and accuracy in
predicting mortality after severe trauma [3, 4].
Besides that, the robustness of certain trauma
scoring system depends on population under

study. For example, the presence of very healthy
patients who will probably survive as well as
elder patients or patients with severe comorbid-
ity who probably won’t survive might signifi-
cantly affect the ability of the scoring system
to correctly predict the outcome [5]. Further-
more, the use of trauma scoring systems helps
clinicians in management of trauma patients.
Besides that, prediction of severe trauma is as-
sociated with presence of comorbidity, time in-
terval between trauma and its care, treatment
settlements [6].

Over the last decades many scoring system
have been developed and used for trauma. The
Revised Trauma Score (RTS) is the most com-
monly used physiological score. It is widely
used in hospital and pre-hospital patients
(pre-hospital triage). It consists of the Glasgow
Coma Scale (GSC), systolic blood pressure, and
respiratory rate (RR) [7]. The Rapid Emergen-
cy Medicine Score (REMS) was developed for
predicting in-hospital mortality in nonsurgical
emergency department (ED) patients [8]. REMS
incorporates GSC, age, mean arterial pres-
sure (MAP), RR, heart rate (HR) and arterial
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oxygen saturation (SpO,). The most spread used scor-
ing system is The Acute Physiology and Chronic Health
Evaluation (APACHE II). This scoring system evaluates the
severity of surgical, non-surgical and intensive care unit
(ICU) patients. APACHE II consists of the body tempera-
ture, RR, HR, MAP, oxygenation of arterial blood, arterial
pH, serum sodium and potassium levels, serum creatinine,
hematocrit, white cell count and GCS [9]. The Sequential
Organ Failure Assessment (SOFA) was designed in 1994
for assesses the severity of illness in patients in the ICU
[10]. The score incorporates PaO,/FiO, mmHg, MAP, va-
sopressors, serum creatinine, serum bilirubin, platelets,
and GSC.

Bearing in mind all of the mentioned above, the aim of
this study was to determine independent predictors and
the best trauma scoring system (REMS, RTS, GSC, SOFA,
APPACHE II) of in-hospital mortality in patients with se-
vere trauma at the Department of Emergency, Emergency
Center, Clinical Center of Serbia, Belgrade.

METHODS
Study design

Prospective cohort study included 208 consecutive patients
with severe trauma admitted to the Emergency Center,
Clinical Center of Serbia in Belgrade, from June 1, 2015
to June 1, 2016. Patients were followed until discharge or
death. The study was approved by the Ethics Committee of
the Faculty of Medicine, University of Belgrade (decision
no. 29/IV-19; 25-APR-2016).

Inclusion and exclusion criteria

All patients with severe trauma, aged over 18 years, were
included in the study. Mechanism of injury was established
as Injury Severity Score (ISS) of over 15 [10]. Exclusion
criteria were unknown identity of person, absence of ac-
companying person, patients transferred from other emer-
gency centers, patients intubated and reanimated at the
place of injury, sedated patients.

Data collection

Data on demographic characteristics, personal history,
concomitant therapy, and mechanism of injury were col-
lected by questionnaire. Additionally, for all patients ISS,
RTS, and REMS were determined at admission in the
Emergency center (EC) [7, 8, 10]. Furthermore, SOFA
score and APACHE II score were determined at the ad-
mission in ICU [9, 10]. Information on clinical charac-
teristics (body temperature, systolic and diastolic blood
pressure, HR, RR, SpO,), blood sample analyses (serum
sodium and potassium levels, serum creatinine, serum bili-
rubin, hematocrit, leucocytes count, platelets) and other
analyses (PaO,/FiO, mmHg, vasopressor, oxygenation of
arterial blood, arterial pH) were obtained from medical
records. Initial vital signs (HR, RR, systolic, diastolic blood
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pressure and SpO,) and GCS recorded immediately upon
arrival at ED. The assessments of noninvasive blood pres-
sure, HR, SpO, (determined by peripheral pulse oximeter)
done by Infinity Vista XI Drager monitor. Normal ranges
of hemodynamic and respiratory parameters are defined
by Advanced Trauma Life support classification of shock
[11]. For example, arterial hypotension is defined as sys-
tolic blood pressure lower than 90 mmHg, tachycardia is
defined as HR faster than 100 beats per minute (BPM).

Statistical analysis

Baseline characteristics of the study sample (mean, stan-
dard deviation, percentages) are presented. Nonparametric
test was used for the comparisons between groups (Mann-
Whitney test for continuous variables). Moreover, the pre-
dictive factors were tested in univariate and multivariate
models using Cox proportional hazard regression models
for reaching clinical outcome (death). In these analyses,
death was considered as dependent variable. All variables
that were associated (p < 0.100) with the outcome in the
univariate analysis were analyzed together in multivariate
Cox proportionate hazard regression model in order to
determine independent predictors of in-hospital mortal-
ity in patients with severe trauma. The power of scoring
systems to predict mortality was compared using the area
under the curve (AUC). All analyses were performed us-
ing the SPSS (SPSS Inc. Chicago, USA), version 17.0 for
Windows. Probability level of < 0.05 was considered sta-
tistically significant.

RESULTS

The characteristics of 208 patients with severe trauma are
shown in Table 1. There were 159 (76.4%) male and 49
(23.6%) female patients, with average age of 47.3 £ 20.7
years. Almost all patients (99.5%) came to the ED by am-
bulance. Average time spent in Emergency ambulance
prior to hospitalization was 1.3 hours. The largest pro-
portion of patients was traumatized in car crash (33.2%),
followed by falls from the height (26.4%) and as pedestri-
ans (22.6%) (Figure 1). The overall case-fatality ratio was
17/208 (8.2%).

Regarding clinical characteristics, values of systolic and
diastolic blood pressure and number of respirations were in
the normal range, while average HR was elevated (110 + 25
beats per minute) and SpO, was decreased (85.4 + 4.5%)
(Table 1).

Majority of the patients were initially intubated (86.1%),
at admission to ED, and 59.6% patients were sedated be-
fore intubation. After finishing of diagnostic procedures,
17 patients were additionally intubated, and, at that time,
94.2% patients were on mechanic ventilation (Table 1).

Different values of scale scores at admission to ED and
ICU are shown in Table 2. Based on their values, it is ob-
vious that included patients suffered from severe trauma,
which requires hospitalization in ICU. There is a statisti-
cally significant difference between REMS and SOFA score
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Table 1. Patients’ characteristics

Table 2. Scores at admission

Variable Values* Scale Mean + SD
Age (years)* 473 +20.7 GCS 85+4.1
Sex** ISS 33.1+10.2
';/‘a'e | 1 4599 (2736;;@ RTS 55+15
Aen_"a Iet - S ——— (23.6%) REMS 10+4.1
rrival to the Emergency Department by:
Emergency 207 (99.5%) APACHE I 18.5+86
Private car 1 (0.5%) SOFA 7.5+3.1
Time spent in ambulance on admission (hours)* 1.3+05 GCS - Glasgow Coma Scale; ISS - Injury Severity Score; RTS — Revised
f * Trauma Score; REMS - Rapid Emergency Medicine Score; APACHE Il - Acute
Systolic blood pressure (mmHg) 188 +36.1 Physiology and Chronic Health Evaluation; SOFA - Sequential Organ Failure
Diastolic blood pressure (mmHg)* 71.2+224 Assessment
Heart rate (bpm)* 110+ 25
Number of respirations* 1410 Table 3. Injury scores
Saturation (%)* 85.4+45 Scores Deads(g)ean + Alive érg)ean + p-value
Intubation**
Yes 179 (86.1%) REMS 13.17 £ 4.36 9.73+3.94 0.002
No 29 (13.9%) RTS 5.01+1.39 5.54+1.45 0.162
Mechanic ventilation** GSC 7.18 +3.14 8.58 + 4.2 0.33
Yes 196 (94.2%)
No 12 (5.8%) SOFA 9.59 £3.04 7.39+296 0.003
X APACHE 21.41 £6.65 18.28 + 8.61 0.126
Sedation**
Yes 124 (59.6%) GCS - Glasgow Coma Scale; RTS - Revised Trauma Score;
No 84 (40.4%) REMS - Rapid Emergency Medicine Score; APACHE Il - Acute Physiology
- and Chronic Health Evaluation; SOFA - Sequential Organ Failure Assessment
Hemodynamics**
Stabl 138 (66.3%
Ur?staeble 70 ((33.7%(;) Table 4. Results of univariate Cox regression analysis
Inotropic support** . Hazard 9.5%
Yes 70 (33.7%) Variable ratio confidence | p-value
No 138 (66.3%) interval
“Mean < SD- Age 099 | 097-1.01 | 033
**values are presented as frequencies (%) Sex 0.59 | 0.17-2.07 | 0.414
Admission to the Emergency 0.05 0-0.75 0.856
Department
. . Time spent in ambulance on
values between dead and alive patients (Table 3), p-value admiss?on 153 | 0.52-4.56 | 0.443
for the REMS score is 0.002 and for the SOFA score p-value  ['g giolic blood pressure 099 | 0981 | 04173
is 0.003 (according to the Mann-Whitney test). Diastolic blood pressure 098 | 096-1 | 0.109
Patients had an average of 24.7 + 21.2 days spent in ICU. | jeart rate 103 | 1.01-1.05 | 0.008
According to the results of univariate Cox proportional | Number of respirations 101 | 0.96-1.07 | 0593
regression analysis, following variables entered in multivar- Saturation 090 | 0.82-098 | 0.019
iate model (P <0.100): HR (P =0.008), SpO2 (P =0.019), Comorbid hypertension 1.11 | 0.37-3.31 | 0.857
REMS (p = 0.058), SOFA on admission (p = 0.077) (Table | Mechanism of injury 1.01 | 0.75-1.37 | 0.939
4). These variables were statistically significant in univari- | Gcs 1 | 087-1.14 | 0964
ate analyses. After multivariate Cox regression model using | Breathing 20.35 | 0-26.05 | 0.856
above mentioned variables significant in univariate analy- | Intubation 1.04 | 0.13-831 | 0973
sis, only elevated HR (HR = 1.03, p = 0.012) and decreased | Mechanic ventilation 005 | 0-583 | 0711
of SpO, (HR = 0.91, p = 0.033) at admission remained | Sedation 1.7 | 0.65-443 | 0.282
significant, i.e. singled out as independent contributors | Hemodynamic 1.19 | 046-3.06 | 0723
to in-hospital mortality of patients with severe trauma. In | Inotrop support 0.81 | 031-2.15 | 0.676
other words, an increase of HR for one unit is associated RTS 09 | 061-133 | 0.606
with an increase of risk of death by 3%. Additionally,a  |REMS 11 1-1.22 | 0.058
decrease of SpO, for one unit is associated with an increase | APACHE Il on admission in ICU 099 | 0.94-1.06 | 087
of risk of death by 9%. SOFA on admission in ICU 117 | 0.98-1.38 | 0.077
We Compared RTS, REMS, APACHE II and SOFA in Mechanic ventilation in ICU 0.05 | 0.01-5.83 0.914
predicting in — hospital mortality by using Receiving Op- | Hemorrhage 148 | 056-3.94 | 0427
erating Curve (ROC) analysis (Figure 2). REMS (AUC 0.72 Surgical intervention 08 | 029-220 | 066

+0.64) and SOFA (AUC 0.716 + 0.067) were found fair and
similar predictors of in-hospital mortality. On the other
hand APACHE II (AUC 0.614 + 0.062) and RTS (0.396 +
0.068) were found poor predictors of in-hospital mortality.
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Bold values denote statistical significance (p < 0.100)

GCS - Glasgow Coma Scale; RTS - Revised Trauma Score; REMS - Rapid
Emergency Medicine Score; APACHE Il - Acute Physiology and Chronic Health
Evaluation; SOFA - Sequential Organ Failure Assessment; ICU - intensive care
unit
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Figure 1. Mechanisms of injury

DISCUSSION

The assessment of outcome in severe trauma patients is a
demanding task due to the diversity and variation in sever-
ity of trauma, and consequently, heterogeneity of patient
population. Additional factors, which may influence the
assessment of outcome in these patients, are related to the
issue of appropriate assignment of severity of symptoms
and presence of different comorbidities [11].

Our mortality rate is 8.2%, which is higher than in other
study where, were mortality rate found to be around 5%
[1]. This difference may be because in these studies, all
traumatized patients were included, and one of our inclu-
sion criteria was ISS over 15. Considering this inclusion
criterion our patients had greater mortality risk.

In our study the largest proportion of patients was trau-
matized in car crash (33.2%), followed by falls from the
height (26.4%) and as pedestrians (22.6%). Our findings
were similar like in previous studies [12].

Our finding of predictive role of age in in-hospital mor-
tality in univariate analysis was not significant, which is
opposite than in the other studies [13, 14]. Miyamoto et
al. [13] and Jawa et al. [14] found that older age was an
indicator of in-hospital mortality. The possible reason for
different findings might be a larger sample size, and dif-
ferent statistical approach in these studies.

In our study, regarding the trauma scoring system,
REMS is similar to or better than the other system. REMS
has similar results as the SOFA, the advantages of REMS is
more rapid and less invasive then SOFA. APACHE II and
RTS were found poor predictors of in-hospital mortality
[15]. Imhoff et al. [16] and Lee et al. [17] found that the
REMS scoring system, performed in the ED, was a strong
predictor of in-hospital mortality. Slight differences be-
tween REMS and RTS as predictors of in-hospital mortality
can be observed in both studies. REMS scoring system is
easier and simpler than RTS because it is consisting of six
variables (GSC, age, MAP, RR, HR, SpO,) which are easy
to obtain. Considering all this, REMS scoring system can
be highly applicable at the ED and in the prehospital treat-
ment of patients. Our findings support the growing body
of literature examining the use of REMS in judgment after
major injury [18, 19].

In this prospective cohort study, we demonstrated that
HR and SpO, on admission are independent predictors
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APACHE Il - Acute Physiology and Chronic Health Evaluation;
SOFA - Sequential Organ Failure Assessment

of in-hospital mortality in patients with severe trauma.
Using the Cox proportional hazard regression models we
demonstrated that an increase of HR for one unit is associ-
ated with increase of risk of death for 3%, while a decrease
of SpO, for one unit is associated with increase of risk of
death for 9%. Both these variables are components of the
REMS, which has been developed for predicting in-hos-
pital mortality in nonsurgical ED patients [20]. Our work
confirms that in the most severely injured patients, initial
measurement of REMS components, especially HR and
SpO.,, are reliable indicators of those who are at the great-
est risk of in-hospital death. These findings are opposite
then in the literature, Imhof et al. [16] found that HR do
not have statistically significant contribution in mortality
prediction, on the other hand age and GSC have high sta-
tistically significant contribution in mortality prediction.
These opposite findings can be explained by autonomic
compensation to severe trauma [21]. In our study, we had
only severe traumatized patients which is different between
Imhof et al. [16], regarding to the SpO, we have same find-
ing like in other studies [22].

It is well known that determination of vital signs such as
SpO, and HR upon arrival at the ED is frequently used as
prognostic indicators for adverse outcome in patients with
severe trauma. On the other hand, analysis of HR variability
provides insight into adequacy of autonomic compensa-
tion to severe trauma in pre-hospital settings [21]. In the
same study, authors stated that their findings support the
fact that autonomic balance and pulse pressure are associ-
ated with mortality, and may give important diagnostic and
prognostic findings in management of patients with severe
trauma. Physiological response to injury with consequent
reductions of central blood volume includes increased HR
and peripheral vascular resistance. These autonomic com-
pensations are mediated by decrease of parasympathetic
and activation of sympathetic efferent neural way to the
heart and vasculature [23, 24]. Additionally, alterations
of tissue perfusion and oxygenation due to an impaired
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microcirculation have been shown to contribute to the sub-
sequent development of organ dysfunction and unfavorable
outcome [25, 26]. In line with these results, low SpO,values
at baseline have been associated with the development of
multiorgan dysfunction and death [27, 28, 29].

Some limitations of our study have to be mentioned.
First, 208 patients with severe trauma were enrolled in this
study, and a larger sample size would have been beneficial
for generalizability of the results. Second, traumatized pa-
tients who died in pre-hospital settings were not included
in the analysis, which represents a type of selection bias.
Third, the patient’s vital parameters varied over time, so
the values presented might not be representative. Finally,
the lack of available data regarding the presence of comor-
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CONCLUSION

Results of this study showed the important role of REMS,
which appears to provide balance between the predictive
ability and the practical application, and components of
REMS in prediction of outcome in patients with severe
trauma and that HR and SpO, are independent predictors
of in-hospital mortality.
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EBanyau,uja HEe3aBUCHUX NPeAUKTOPa MHTPAXOCMUTA/IHOI MOPTA/INTETA

Koa, 60/1€CHMKA ca TELLKOM TPaymoM

Mapwuja Munenkouh', XaHeta Tepanocku', Ann Xaumberosuh', JosaHa CraHucasmbesuh', KceHuja Metposuh’,
JoBaHka Hukonuh', MupjaHa Muxajnoscka', BecHa bymbalwmpesuh'2
'KnuHnykm uentap Cpbuje, YpreHtHu LeHTap, Cnyx6a aHecTesnonoruje, beorpag, Cpbuja;

2Ynneepautet y beorpagy, MeanunHcku dakyntert, beorpag, Cpbuja

CAXETAK

YBog/Lum Linb oBe cTynuje 6vio je ogpehmnBatrbe Hajoosber
6070BHOT ccTeMa Kop Tpayma (REMS, RTS, GSC, SOFA, APPACHE
) 1 He3aBUCHMX NPeANKTOPaA MHTPAXOCNUTASTHOT MOpTanuTe-
Ta Kof, 60necHUKa ca TeLKOM TPayMOM, TIEYEHUX Y YPTeHTHOM
ueHTpy KnuHunukor ueHtpa Cpbuje y beorpagy.

MeTope JloHrMTyauHanHa ctyguja je ykmpyumna 208 KoHce-
KyTBHIX 60NIeCHMKa Ca TEeLUKOM TpayMOM, NPUMIbeHNX y Yp-
TeHTHY LeHTap. Y unby ogpehriBatba He3aBUCHYX NpeauKTopa
npexuBrbaBakba, ypaheHe cy yHUBapUjaHTHa U MynTUBapUjaHT-
Ha KokcoBa perpecroHa aHanv3a. Takohe, yTuuaj cuctema 60o-
[l0Batba paHuje NOMeHyTUX pesynTaTa Ha npujemy y YpreHTHu
LieHTap y npeaukuuju moptanuteta nopeheH je kopuwherem
TecTa Area under curve (AUC).

Pesyntatu VicnntrBaHu y3opak umHmno je 208 6onecHuka (159
MyLLKapaLa, 49 xeHa), npoceyHor y3pacta 47,3 + 20,7 roguHa.
BehvHa 6onecHuKa 6una je nHULUKMjanHo MHTy6KpaHa (86,1%),
Ha npujemy y YpreHTHU LieHTap, a 59,6% 6onecHrika 6uno je
cefupaHo npe uHTybaumje. Mocne 3aBpLueTKa ANjarHOCTUYKNX
npoueaypa, 17 6onecHNKa je [OAATHO MHTYOKPaHO, TaKo Aa je
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Ha MexaHWYKoj BeHTUNauuju 6uno 94,2% 6onecHuka. bonec-
HULWM cy Hajuewhe noBpehmBaHu y caobpahajHmum Hecpeha-
Ma (33,2%), npunmKom naga ca BUcuHe (26,4%) 1 Kao newsaum
(22,6%). NMpoceyuHa pyxnHa 6opaska y JeaAnHNLN MHTEH3VBHE
Here n3Hocuna je 24,7 + 21,2 paHa. Jletanuter je 6uo 17/208
(8,2%). KokcoBOM perpecmoHOM aHanM3oM NoKa3aHo je aa cy
rnoBuLLeHa cpyaHa ppekeeHua (HR = 1,03, p =0,012) 1 cHukeHa
caTypauuja KpBu KuceoHnkom (XP = 0,91, p = 0,033) He3aBUCHM
NPeavKTOpu CMPTHOT NCcXofa 60M1eCHINKa Ca TELLKOM TPayMOM.
REMS (AUC 0,72 + 0,64) n SOFA (AUC 0,716 + 0,067) nokasa-
NN Cy CIMYHY NPeAUKTUBHY BpefHocT, ok cy APACHE Il (AUC
0,614 + 0,062) 1 PTC (0,396 + 0,068) 6unu nowwn nokasatesbu
WHTPaxXoCnuTaaHOr MopTanuTeTa Kog 60ecHrKa ca TeLKOoM
TpayMoMm.

3aKsbyyak Pesyntatu cTyamje mokasanu Cy BaxHy yliory KOMMo-
HeHTV REMS y npeauKkumju ncxopa 6onecHuKa ca Telkom Tpay-
MOM, Kao 1 ia Cy cpuaHa GppeKBeHLia 1 caTypaLiyija KPBY KNCEOHN-
KOM HE3aBUCH NPEANKTOPU NHTPAXOCMUTANIHOF MOPTauTeTa.
KmbyuHe peun: nospepe; 60808HY cuctem REMS; KoxopTHa
cTyavja
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