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Abstract

Background Brain Trauma Foundation (BTF) guidelines recommend intracranial pressure (ICP) monitoring in
patients who sustained severe traumatic brain injury (TBI). Compliance to BTF guidelines is variable, and the effect
of ICP monitoring on outcomes remains a controversial issue. The purpose of this study was to assess guidelines
compliance in patients who sustain a severe TBI and to analyze the effect of ICP monitoring on outcomes.
Methods Trauma Quality Improvement Program database study, which included patients with isolated severe blunt
head trauma (head Abbreviated Injury Scale >3 with Glasgow Coma Scale <9). Patients with severe extracranial
injuries excluded. Analyzed variables were demographics, comorbidities, mechanism of injuries, head injury spe-
cifics, AIS for each body area, Injury Severity Score, admission vital signs, placement of ICP catheter and
craniectomy. Multivariate analysis was used to identify independent predictors for outcomes, overall and in the
groups of patients with head AIS 3, 4 or 5.

Results During the study period 13,188 patients with isolated severe TBI met the BTF guidelines for ICP monitoring.
An ICP catheter was placed in 1519 (11.5%) patients. Stepwise logistic regression analysis identified age >65 years,
hypotension on admission, AIS 4 and AIS 5 as independent predictors for mortality. ICP monitoring was not an
independent protective variable in terms of mortality (OR 1.12; 95% CI, 0.983-1.275; p = 0.088). Overall, ICP
monitor placement was independently associated with increased overall complications (OR 2.089; 95% CI,
1.85-2.358; p < 0.001), infectious complications (OR 2.282; 95% CI, 2.015-2.584; p < 0.001) and poor functional
independence (OR 1.889; 95% CI, 1.575-2.264; p < 0.001). Sub analysis of the groups of patients with head AIS 3,
4, and 5 failed to show any protective effect of ICP monitors against mortality. In the group of patients with head AIS
4, ICP placement was an independent predictor of mortality (OR 2206; 95% CI, 1652-2948; p < 0.001).
Conclusions Compliance with the BTF guidelines for ICP monitoring is poor. ICP monitoring does not have any
survival benefit in patients with isolated severe blunt TBI and is associated with more complications and increased
utilization of hospital resources.

Introduction
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and family names were interchanged. One of the main target goals in the management of severe
traumatic brain injury (TBI) is to maintain an adequate
cerebral blood flow and oxygenation by preventing and
treating timely any intracranial hypertension (IH) [1, 2]. IH

Division of Acute Care Surgery, University of Southern may lead to secondary brain injury with serious effects on
California, 2051 Marengo Street, Inpatient Tower (C),

Rm C5L100, Los Angeles, CA 90033, USA

< Demetrios Demetriades
demetria@usc.edu

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-017-3898-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-017-3898-6&amp;domain=pdf

1544

World J Surg (2017) 41:1543-1549

Table 1 Demographics and clinical data according to ICP monitoring device placement

Total No ICP ICP
(n = 13,188) (n = 11,669) (n = 1519) p value
Demographics
Gender, male 9376 (71.1) 8211 (70.4) 1165 (76.7) <0.001
Age (years), median IQR 52 (32-71) 54 (33-72) 41 (25-56) <0.001
Age > 65 years 4291 (32.5) 4076 (34.9) 215 (14.2) <0.001
Race/ethnicity
Asian 335 (2.5) 284 (2.4) 51 (3.4) 0.031
African-American 1265 (9.6) 1098 (9.4) 167 (11.0) 0.049
White 9623 (73.0) 8581 (73.5) 1042 (68.6) <0.001
Mechanism of injury
MVC 2753 (20.9) 2321 (19.9) 432 (28.4) <0.001
MCC 778 (5.9) 618 (5.3) 160 (10.5) <0.001
AVP 817 (6.2) 640 (5.5) 177 (11.7) <0.001
Fall 7560 (57.3) 6968 (59.7) 592 (39.0) <0.001
Assault 1261 (9.6) 1104 (9.5) 157 (10.3) 0.275
Comorbidities
Overall 6496 (49.3) 5888 (50.5) 608 (40.0) <0.001
Current smoker 1788 (13.6) 1577 (13.5) 211 (13.9) 0.687
Chronic renal failure 161 (1.2) 155 (1.3) 6 (0.4) 0.002
CVA 455 (3.5) 428 (3.7) 27 (1.8) <0.001
Myocardial infarction (<6 months) 203 (1.5) 192 (1.6) 11 (0.7) 0.006
Hypertension 4057 (30.8) 3757 (32.2) 300 (19.7) <0.001
Obesity 903 (6.8) 759 (6.5) 144 (9.5) <0.001
Respiratory disease 718 (5.4) 664 (5.7) 54 (3.6) 0.001
Steroid use 41 (0.3) 38 (0.3) 3(0.2) 0.399
Cirrhosis 214 (1.6) 201 (1.7) 13 (0.9) 0.012
Diabetes mellitus 1664 (12.6) 1533 (13.1) 131 (8.6) 0.001
ED vitals
SBP < 90 mmHg 448 (3.4) 413 (3.5) 35 (2.3) 0.012
HR > 120 bpm 1632 (12.4) 1436 (12.3) 196 (12.9) 0.506
GCS 3-5 9431 (71.5) 8328 (71.4) 1103 (72.6) 0.312
Injuries
ISS, median (IQR) 21 (14-26) 21 (14-26) 25 (17-27) <0.001
ISS > 15 9432 (71.5) 8168 (70.0) 1264 (83.2) <0.001
Head AIS
3 1475 (11.2) 1431 (12.3) 44 (2.9) <0.001
4 4677 (35.5) 4215 (36.1) 462 (30.4) <0.001
5 7036 (53.4) 6023 (51.6) 1013 (66.7) <0.001
Epidural hematoma 1195 (9.1) 974 (8.3) 221 (14.5) <0.001
Subdural hematoma 9176 (69.6) 7996 (68.5) 1180 (77.7) <0.001
Subarachnoid hemorrhage 6440 (48.8) 5558 (47.6) 882 (58.1) <0.001
Intracranial hemorrhage 1715 (13.0) 1467 (12.6) 248 (16.3) <0.001
Diffuse axonal injury 261 (2.0) 195 (1.7) 66 (4.3) <0.001
Procedures
Craniotomy/craniectomy <24 h 1956 (14.8) 1472 (12.6) 484 (31.9) <0.001
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Table 1 continued
Total No ICP ICP
(n = 13,188) (n = 11,669) (n =1519) p value
VTE prophylaxis 4234 (40.1) 3366 (37.1) 868 (58.3) <0.001

ICP: patients subjected to ICP monitoring. No ICP: patients not undergoing ICP monitoring. Values are presented as median (IQR) and n (%)

MVC motor vehicle collision, MCC motorcycle collision, AVP auto versus pedestrian, SBP systolic blood pressure HR heart rate, GCS Glasgow
Coma Scale, ISS Injury Severity Score, AIS Abbreviated Injury Scale, IQR interquartile range

neurologic functional outcomes and higher mortality rates
[3, 4].

Intracranial pressure (ICP) monitoring in severe TBI is
recommended in the Brain Trauma Foundation (BTF)
guidelines. The guidelines recommend ICP monitoring in
patients with GCS < 9 and an abnormal head CT scan or in
patients with a normal CT scan and two out of the fol-
lowing three conditions: age >40 years, unilateral/bilateral
motor posturing and systolic blood pressure <90 mmHg
[S].

Compliance with the BTF guidelines varies from
country to country and hospital to hospital with previous
studies reporting compliance from 9.6 to 75% [2, 6-14].
The effect of ICP monitoring on outcomes remains a
controversial issue, with some studies showing no effect,
others showing improved outcomes and others showing
worse outcomes [2, 6-14]. In many institutions, the deci-
sion of whether or not and in what setting to use ICP
monitoring is left to physician’s judgement [6].

The purpose of this study was to use a high-quality
trauma database to assess compliance with BTF ICP
monitoring guidelines and evaluate the effect of compli-
ance on outcomes. In order to avoid the complexities of
evaluating outcomes in multitrauma, we restricted the
analysis to patients with isolated severe head trauma. By
excluding patients with severe associated extracranial
injuries, it is possible to get more meaningful conclusions
on survival, complications, functional outcomes and hos-
pital resources utilization following severe TBI.

Methods

This study was based on the Trauma Quality Improvement
Program (TQIP) database. TQIP is an American College of
Surgeons detailed trauma database, with strict data quality
control entered by participating trauma centers. After
institutional review board approval, all adult patients
(=16 years old) with isolated severe blunt TBI who met the
TBF criteria for ICP monitoring during a 2-year period
(2013-2014) were included. Isolated severe TBI was
defined as head Abbreviated Injury Scale (AIS) 3 or higher
excluding patients with extracranial body part AIS 3 or

higher. Patients transferred from outside hospitals and
those that died upon arrival were excluded.

Variables extracted were demographics, comorbidities,
mechanism of injury, injury specifics (epidural, subdural,
subarachnoid, intracranial hemorrhage and diffuse axonal
injury), AIS for each body area, Injury Severity Score (ISS),
vital signs in the emergency department, ICP monitoring and
type, compliance with BTF guidelines and craniectomy.
Outcomes included in-hospital mortality, complications,
ventilation days, intensive care unit (ICU) and hospital length
of stay (HLOS), and functional independence at discharge.

The study population was stratified according to ICP
monitoring device placement: patients subjected to ICP and
those not undergoing ICP monitoring.

Statistical analysis

Categorical variables were reported as percentages while
continuous variables were reported as medians with
interquartile range (IQR). Continuous variables were also
dichotomized using clinically relevant cutoff points. Uni-
variate analysis was performed to compare for differences
between two groups (mortality vs. no mortality and type of
ICP monitoring). The Mann—Whitney U test was used to
compare medians for continuous data points while Fisher
exact or Pearson’s Chi-squared test were used to compare
proportions for categorical variables.

Risk factors variables with p < 0.2 on univariate analysis
were included into a forward stepwise logistic regression to
identify independent predictors for overall mortality. Mul-
ticollinearity testing was performed to identify correlation
between variables. The accuracy of the test was calculated
using the area under the curve with 95% confidence inter-
val. Variables with p < 0.05 were considered significant.
All statistical analysis was performed using SPSS for win-
dows version 23.0 (SPSS Inc. Chicago, IL).

Results
During the study period, 13,188 patients with isolated

severe blunt TBI met the BTF guidelines for ICP moni-
toring. Overall, 1519 patients (11.5%) underwent ICP
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Table 2 Outcome comparison according to ICP monitoring device placement

Total No ICP ICP
(n = 13,188) (n = 11,669) (n = 1519) p value
Mortality 4269 (32.4) 3774 (32.3) 495 (32.6) 0.848
1-day mortality 1419 (10.8) 1373 (11.8) 46 (3.0) <0.001
30-day mortality 4231 (32.1) 3749 (32.1) 482 (31.7) 0.756
Mechanical ventilation (days)®, median (IQR) 329 3 2-7) 11 (5-17) <0.001
ICU stay (days)®, median (IQR) 6 (3-13) 5 (3-11) 14 (9-21) <0.001
Hospital length of stay (days)*, median (IQR) 10 (5-19) 9 (4-17) 20 (13-30) <0.001
Complications”
Overall 2850 (28.8) 2211 (26.0) 639 (46.0) <0.001
Infectious 2238 (22.6) 1685 (19.8) 553 (39.8) <0.001
Thromboembolic event 678 (6.9) 526 (6.2) 152 (10.9) <0.001
ARDS 373 (3.8) 305 (3.6) 68 (4.9) 0.018
Acute kidney injury 153 (1.5) 134 (1.6) 19 (1.4) 0.554
Cardiac arrest 126 (1.3) 106 (1.2) 20 (1.4) 0.557
Miocardial infarction 67 (0.7) 63 (0.7) 4 (0.3) 0.056
Deep SSI 20 (0.2) 19 (0.2) 1(0.1) 0.345
Organ/space SSI 32 (0.3) 25 (0.3) 7 (0.5) 0.202
Superficial SSI 47 (0.5) 34 (0.4) 13 (0.9) 0.007
Pneumonia 1763 (17.8) 1274 (15.0) 489 (35.2) <0.001
PE 89 (0.9) 67 (0.8) 22 (1.6) 0.004
Stroke/CVA 178 (1.8) 143 (1.7) 35 (2.5) 0.030
UTI 636 (6.4) 521 (6.1) 115 (8.3) 0.003
Catheter blood stream-related complication 59 (0.6) 46 (0.5) 13 (0.9) 0.078
Sepsis 193 (2.0) 154 (1.8) 39 (2.8) 0.013
DVT 411 (4.2) 302 (3.6) 109 (7.8) <0.001
Functional independence measure®
Good 2381 (28.2) 2212 (29.7) 169 (16.6) <0.001

ICP: patients subjected to ICP monitoring. No ICP: patients not undergoing ICP monitoring. Values are presented as median (IQR) and n (%)

ICU intensive care unit, ARDS acute respiratory distress syndrome, SSI surgical site infection, PE pulmonary embolism, CVA cerebrovascular
accident, UTI urinary tract infection, DVT deep vein thrombosis, IQR interquartile range

? include only patients without mortality (n = 8919)

® include only patients with hospital length of stay >2 days (n = 9881)

monitoring and the remaining 11,669 (88.5%) had no ICP
monitor placed. In the group with ICP monitoring, 2.9% of
patients had head AIS 3, 30.4% had an AIS 4, and 66.7%
had an AIS 5 (Table 1).

Demographics, vital signs on admission, comorbid
conditions, ISS, types and severity of head injuries, need
for craniectomy and venous thromboembolism (VTE)
prophylaxis for the two study groups were compared. In the
group of patients with ICP monitoring, there were signifi-
cantly fewer patients who were >65 years old (14.2 vs.
34.9%, p < 0.001), a lower incidence of comorbid condi-
tions (40.0 vs. 50.5%, p < 0.001), fewer patients with
hypotension on admission (2.3 vs. 3.5%, p = 0.012), a
lower incidence of head AIS 3 or 4 but a higher incidence
of head AIS 5 and a higher craniectomy rate (Table 1).

@ Springer

The overall 30-day mortality was 32.8%. The unad-
justed mortality was similar in the two groups (31.8% inn
the ICP group vs. 32.3%, in the no ICP group p = 0.756).
A significantly higher prevalence of systemic complica-
tions (46.0 vs. 26.0%, p < 0.001), infectious complications
(39.8 vs. 19.8%, p < 0.001) and thromboembolic events
(10.9 vs. 6.2%, p < 0.001) was recorded in the group with
ICP monitoring. Patients with ICP monitoring also had
significantly more ventilator days and longer ICU and
hospital length of stay (p < 0.001). Good functional inde-
pendence outcome score at discharge was lower in the ICP
group (16.6 vs. 29.7%, p < 0.001) (Table 2).

Forward stepwise logistic regression analysis identified
age >65 years, head AIS 4 and 5, hypotension on admis-
sion and fall injury mechanism as independent factors
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Table 3 Independent risk factors for mortality

Mortality

Adjusted p  OR 95% CI for OR

Age > 65 years <0.001 2.895 (2.621-3.198)
Gender, male 0.122 1.078 (0.98-1.185)
Race, white 0.296 1.054 (0.955-1.162)
Fall <0.001 1.645 (1.456-1.859)
MVC 0.996 1 (0.865-1.156)
Overall comorbidities  0.374 1.042 (0.952-1.14)
Hypotension <0.001 2.336 (1.877-2.906)
AIS 3 Reference Reference

AIS 4 <0.001 2.063 (1.621-2.625)
AIS 5 <0.001 13.728 (10.913-17.269)
ICP placement 0.088 1.12 (0.983-1.275)

Forward stepwise logistic regression was performed with potentially
causative variables in which p value was <0.2 in univariate analysis.
Multicollinearity test was checked before doing multivariate analysis.
Hosmer—Lemeshow goodness-of-fit test p < 0.001, Cox and Snell
R* = 0.247, Nagelkerke R> = 0.345. AUC = 0.808 (95% CI=
0.801-0.816, p < 0.001)

OR odds ratio, CI confidence interval

associated with mortality. Placement of an ICP monitor had
no significant effect on mortality, although there was a
trend toward increased mortality in patients with monitor
placement (OR 1.12; 95% CI, 0.983-1.275; p = 0.088;
Table 3). Subgroup analysis done on patients with head
AIS 3, 4 and 5, respectively, also showed age >65 years,
hypotension on admission and fall mechanism to be inde-
pendent risks factors for mortality. ICP placement was not
significantly associated with mortality in AIS 3 and AIS 5
subgroups. In the subgroup of patients with head AIS 4,
however, ICP placement had two times higher chance of
mortality (OR 2.206; 95% CI, 1.652-2.948; p < 0.001).

ICP monitoring was found to be an independent risk
factor for systemic complication (OR 2.089; 95% CI,
1.850-2.358; p < 0.001), infectious complication (OR
2.282; 95% CI, 2.015-2.584; p < 0.001) and poor func-
tional independence (OR 1.889; 95% CI, 1.575-2.264;
p < 0.001).

In an additional subgroup analysis, excluding patients
who underwent craniectomy within the first 24 h, placement
of an ICP monitor continued to have no effect on mortality
(OR 1.015; 95% CI, 0.865-1.192; p = 0.852) and remained
an independent risk factor for systemic complications (OR
2.223; 95% CI, 1.924-2.568; p < 0.001), infectious com-
plications (OR 2.393; 95% (I, 2.063-2.775; p < 0.001), and
poor functional independence outcomes (OR 1.968; 95% CI,
1.60-2.42; p < 0.001).

Discussion

ICP monitoring has become the recommended standard of
care in the management of severe head trauma, in both
children and adults. It is recommended by the Brain
Trauma Foundation guidelines and endorsed by the
American Association of Neurological Surgeons (AANS)
[5].

The theoretical rationale for ICP monitoring is to
maintain adequate cerebral blood flow and oxygenation by
preventing or treating intracranial hypertension in a timely
fashion. This, in turn, should decrease the risk of secondary
brain injury and improve survival and neurologic func-
tional outcomes. The extensively publicized relationship
between intracranial hypertension and poor outcomes has
led to the widespread use of ICP > 20 mmHg as the
threshold for therapeutic interventions to lower the
intracranial pressure. ICP monitoring can not only drive
intervention, but also allow for evaluation of the response
to various therapeutic pressure lowering interventions.

Despite the theoretical benefits and the recommenda-
tions by the various professional organizations, the com-
pliance with ICP monitoring guidelines remains erratic and
generally low and varies from 9.6 to 75% [2, 6—14]. In the
current study, only 11.5% of patients who met the BTF
guidelines underwent ICP monitoring. These findings
indicate a significant reluctance by physicians to follow the
guidelines. Although ICP monitoring device placement
was exceedingly low, the rate of placement did increase
with increasing severity of head injury with an ICP monitor
placed in 3.0% of patients AIS 3, 9.9% AIS 4 and 14.4%
AIS 5. One possible explanation is that, based on the
judgement of the neurosurgeon, the potential risks of
invasive monitoring may outweigh the benefits. This may
be especially true in patients with moderately severe head
injury and improving or increasingly evaluable mental
status. Another explanation is that these data include a
significant number of nonsurvivable injuries in which the
treating physician may choose against monitor placement
due to futility. However, the very low rate of ICP monitor
placement in survivable injuries would not support this
conclusion (2.8% of patients AIS 3, 9.9% of patients AIS
4). The most likely explanation for the low compliance is
that, despite the universal recommendations and guideli-
nes, the treating physicians are not convinced about the
clinical value of routine ICP monitoring.

The role of ICP monitoring in improving outcomes is
controversial and has been challenged by some studies.
Some retrospective and prospective observational studies
report improved outcomes with ICP monitoring. Farahvar
et al. [2] in study of 2134 patients with severe TBI, as
defined by GCS < 9, reported that patients managed with
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ICP monitoring had lower mortality at 2 weeks than those
treated without an ICP monitor. Similarly, in a retrospec-
tive, trauma registry study from Canada, Lane et al.
reported that ICP monitoring was associated with signifi-
cantly improved survival [15]. These results were sup-
ported by a prospective, observational study including 166
older TBI patients with GCS < 9 on admission that showed
that ICP monitoring was associated with decreased in-
hospital mortality and improved 6-month functional out-
comes [6]. In a multicenter trauma registry study of 844
patients with severe TBI, the authors reported that ICP
monitoring was associated with an 8.3% point reduction in
the risk-adjusted mortality rate [12] and a 2010 meta-
analysis found that patients with ICP monitoring had a 12%
lower mortality rate and 6% more favorable outcomes
when compared with patients without ICP monitoring [16].

Despite the evidence in support of ICP monitoring,
several authors have challenged these findings, reporting
no benefit or even worse outcomes in the setting of monitor
placement. Cremer et al. [7] in a retrospective analysis
from the Netherlands concluded that patients managed with
ICP monitors had prolonged mechanical ventilation and
increased levels of therapy intensity, without evidence of
improved outcome. Shafi et al. [8] in a NTDB analysis
(1994-2001) reported that ICP monitoring in accordance
with BTF guidelines was associated with worsening of
survival and the authors cautioned against the use of ICP
monitoring as a quality benchmark. Haddad et al. in a
retrospective analysis of 477 with severe TBI concluded
that overall ICP monitoring was not associated with
reduced hospital mortality and there was a significant
increase in mechanical ventilation duration, need for tra-
cheostomy and ICU length of stay. Furthermore, in the
group of patients with GCS 7-8, ICP monitoring was
associated with a significant increase in in-hospital mor-
tality [11]. In a prospective observational study in the Los
Angeles regional trauma system, which includes 14 trauma
centers, the rates of compliance with ICP monitoring ran-
ged by center from 9.6 to 65.2%. There was no correlation
between BTF guidelines compliance rates with ICP mon-
itoring and mortality [9]. The only randomized study on
this topic was performed in Bolivia and Ecuador with the
support of the National Institutes of Health. In this multi-
center, controlled trial, 324 patients with severe TBI were
randomly assigned to ICP-guided therapy group or to a no
ICP monitor group, in which treatment was based on
imaging and clinical examination. The primary outcome
was survival and functional status at 3 and 6 months. The
authors found that ICP monitor-guided therapy was not
superior to care based on imaging and clinical examination
[13].

In the present study, logistic regression analysis failed to
show any outcome benefit associated with ICP monitoring.

@ Springer

This finding was confirmed in the subgroups of patients
with head AIS 3, 4, and 5. Furthermore, in the subgroup of
patients with head AIS 4, ICP placement was associated
with significantly increased mortality. Our analysis also
showed that ICP monitoring was an independent risk factor
for systemic complications, infectious complications, and
poor functional independence.

In the ICP monitor group, there was a higher incidence
of craniectomy within 24 h of admission and it can be
argued that these patients were potentially more severely
injured than the patients with no ICP monitoring. In order
to eliminate this potential bias, we performed another
analysis after exclusion of patients with craniectomy within
24 h of admission. Again, ICP monitoring was not pro-
tective against mortality and was still an independent risk
factor for systemic complications, infectious complications
and poor functional independence outcomes.

The current study has the usual limitations of all data-
bank-based studies. However, it has some unique strengths,
including the high quality of the TQIP databank and most
importantly the exclusion of patients with associated severe
extracranial injuries, making comparisons of head injury-
related outcomes more reliable. All previously published
series included patients with major extracranial injuries.
This is a major limitation in the assessment of head trauma-
related mortality, complications and ICU and hospital
length of stay.

This study adds support to the recommendations of other
authors that a large, well-planned randomized study should
be performed in the USA. The suggestion that it would not
be ethical to include a control group without ICP moni-
toring is not scientific or sound. In view of the major sig-
nificance of head trauma in terms of deaths, permanent
disabilities, utilization of hospital resources and costs, our
professional organizations should support a more rigorous
scientific validation of the current national guidelines.

In conclusion, compliance with the Brain Trauma
Foundation guidelines for ICP monitoring is poor. ICP
monitoring does not seem to have any survival benefit in
patients with isolated severe TBI and is associated with
more complications and increased utilization of hospital
resources. Good-quality randomized studies are warranted.
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