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Abstract
Background The ’golden hour’ is a well-known
concept, suggesting that shortening time from injury to
definitive care is critically important for better outcome
of trauma patients. However, there was no established
evidence to support it. We aimed to validate the
association between time to definitive care and mortality
in hemodynamically unstable patients for the current
trauma care settings.
Methods The data were collected from the Japan
Trauma Data Bank between 2006 and 2015. The
inclusion criteria were patients with systolic blood
pressure (SBP) <90 mm Hg and heart rate (HR) >110
beats/min or SBP <70 mm Hg who underwent definitive
care within 4 hours from the onset of injury and survived
for more than 4 hours. The outcome measure was
in-hospital mortality. We evaluated the relationship
between time to definitive care and mortality using the
generalized additive model (GAM). Subgroup analysis
was also conducted using GAM after dividing the
patients into the severe (SBP <70 mm Hg) and moderate
(SBP ≥70 mm Hg and <90 mm Hg, and HR >110 beats/
min) shock group.
Results 1169 patients were enrolled in this study. Of
these, 386 (33.0%) died. Median time from injury to
definitive care was 137 min. Only 61 patients (5.2%)
received definitive care within 60 min. The GAM models
demonstrated that mortality remained stable for the
early phase, followed by a decrease over time. The severe
shock group presented with a paradoxical decline of
mortality with time, whereas the moderate shock group
had a time-dependent increase in mortality.
Discussion We did not observe the association
of shorter time to definitive care with a decrease in
mortality. However, this was likely an offset result of
severe and moderate shock groups. The result indicated
that early definitive care could have a positive impact on
survival outcome of patients with moderate shock.
Level of evidence Level Ⅳ, prognostic study,

Background

Time management is considered as a key factor to
reduce mortality in trauma patients. The ‘golden
hour’ is a concept that critically injured patients
are required to receive definitive care within
60 min from the occurrence of injuries, after which
mortality significantly increased.1 2 This concept
was developed in 1970s without any data or reference.3 However, it has been widely accepted with
clinical plausibility.

The recent systematic review has concluded that
there was no established evidence supporting this
principle for patients with undifferentiated trauma.4
However, a few studies have suggested that limited
patients, who had hypotension requiring critical
intervention, could benefit from minimizing out-
of-hospital time.5 6 Another point is that trauma
care strategies have been drastically developed over
the last decades, for example, resuscitative endovascular balloon occlusion of the aorta (REBOA),
massive transfusion and helicopter emergency
medical service (EMS). Therefore, the optimal
target and management should be revised in the
current settings.
The objective of this study was to clarify the exact
relationship between elapsed time and mortality for
the current trauma care settings. We also aimed to
identify patients who could benefit from earlier
definitive care by hemodynamic status.

Methods
Sample and data collection

The data were collected from the Japan Trauma
Data Bank (JTDB), which is a prospective multicenter trauma registry that includes more than 260
institutions in Japan. The registry contains data of
patients with trauma who had an injury of a three
or more on the Abbreviated Injury Scale (AIS) in at
least one body region. We collected the sample for
the study from the JTDB for the period from 2006
to 2015. Data consisted of demographics, injury
severity characteristics, time course (EMS calls,
arrival at hospitals, initiating definitive care and so
on), type of initial procedures and definitive care
and course of hospitalization. A dataset provided
from JTDB was anonymized.
Hemodynamically unstable trauma patients who
received definitive care within 4 hours from the
onset of injury were enrolled in this study. Of these,
we only included those who survived at least for
4 hours to minimize immortal time bias.7 The exclusion criteria were as follows: children younger than
15 years old, those who presented with no signs of
life (asystole on an ECG monitor) before arrival
at the hospitals, those who had neither blunt nor
penetrating injuries (eg, burns, hanging or others),
those who were not directly transported from the
scene through EMS (eg, transferred from another
hospital and transported by private vehicle), those
who were transferred to another hospital within
24 hours after the admission and those with incomplete or erroneous time record.
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Definition

Hemodynamically unstable status was defined as systolic blood
pressure (SBP) on arrival <90 mm Hg and heart rate (HR) >110
beats/min on arrival or SBP <70 mm Hg on arrival. Information about the time of injury onset was often unclear, and many
records were missing. Therefore, we used EMS call activation
time as a proxy of injury onset based on the assumption that
time from injury onset to EMS activation was very short.8
Definitive care was defined as surgical and radiological interventions for hemostasis or any surgeries for acute emergency
purposes (eg, peritonitis surgery, brain surgery, bone fixation or
vascular surgery). By definition, definitive care did not include
any procedures performed to stabilize patients in the emergency departments (eg, intubation and application of REBOA
and resuscitative thoracotomy (RT)). The outcome measure was
in-hospital all-cause mortality.

Statistical analysis

We estimated the odds of mortality over the time to definitive care
using the generalized additive model (GAM). The non-parametric
curve was drawn based on the assumption that mortality varied
over time, and there was a non-
linear relationship between
them.9 10 The GAM model was adjusted for the following variables:
age, gender, penetrating injury, vital signs on arrival (SBP, HR and
Glasgow Coma Scale), Injury Severity Score and AIS in head. Given
the difference in quality of trauma care over the study period, the
year of occurrence of the injury was also used as a covariate.
To identify an effect modification between injury severity and
elapsed time, we conducted further analysis with stratification
according to the severity of shock. The patients were divided
into two subgroups: patients with severe shock and moderate
shock. Severe shock was defined as SBP <70 mm Hg on arrival,
and moderate shock was defined as SBP between 70 mm Hg and
90 mm Hg, and HR >110 beats/min on arrival.
Sensitivity analysis was conducted to use the actual time of
injury onset to validate the result, excluding patients who had a
missing or erroneous record of that time.
Descriptive data were presented as median (Interquartile
range; IQR) for continuous variables and proportions for categorical variables. We performed Wilcoxon rank sum test and
χ2 test to compare the baseline characteristics between of the
groups. All analyses were performed using R (version 3.6.2, R
Foundation for Statistical Computing, Vienna, Austria).

Results
Participants

A total of 1564 adult trauma patients were identified over the
study period. Of these, the following patients were excluded:
those aged <15 years (n=44), those who presented with no signs
of life before arrival at the hospital (n=160) and burn or other
types of injury (n=13), those who were transferred from another
hospital or other places (n=116), those who were transferred
to another hospital within 24 hours from admission (n=13) and
those with missing or erroneous records (n=49). After the exclusions, 1169 patients were enrolled in this study.
The baseline characteristics of the patients are presented in
table 1. Of all, median age was 50 years (IQR 34–67 years) and
779 patients (66.6%) were male. Median ISS, SBP and HR were
29 (IQR 16–41), 62 mm Hg (IQR 40–74 mm Hg) and 119 beats/
min (IQR 93–133 beats/min), respectively. In-hospital mortality
of all patients was 386 (33.0%). The primary sample included
777 (66.5%) patients in the severe shock group and 392 (33.5%)
patients in the moderate shock group. The distribution of time
2

to definitive care was illustrated in figure 1. Median time from
injury to definitive care was 137 min (IQR 102–177 min). Of all,
only 61 patients (5.2%) received definitive care within 60 min,
that is ‘golden hour’. In detail, prehospital time (time from
injury to arrival at hospitals) was 37 min (IQR 28–48 min), and
in-hospital time (time from arrival at hospitals) was 95 min (IQR
61–133 min).

Generalized additive model

In the GAM model, the trend of mortality for all patients by
the time to definitive care is shown in figure 2. The fitted
curve showed relative stability in mortality for the early phase,
followed by a decreasing trend in mortality with time.
In the subgroup analysis, patients were stratified into the
severe shock (n=777) and moderate shock group (n=392). The
curves of mortality over the time between patients with severe
and moderate shock are depicted in figure 3A and B, respectively. A decrease in mortality with increasing time was noted in
the severe shock group. In contrast, an upward curve over the
time was observed in the moderate shock group.
In the sensitivity analysis, 798 patients who held the record of
actual onset time were identified. The association of time to definitive care with mortality was generally consistent with the main
model (figure 4).

Discussion

In the present study, there were only a small number of patients
who received definitive care within 60 min from injury, suggesting
the golden hour was practically difficult to achieve in the current
trauma care settings. The GAM models indicated that the trend
in mortality remained stable and subsequently decreased over the
time. In addition, we observed the different associations of elapsed
time with mortality between severe and moderate shock patients.
The former showed that time was inversely correlated with
mortality. The latter showed that mortality had a time-dependent
increase.
For the last three decades, there has been a debate about
whether EMS providers should follow ‘scoop-and-run’ or ‘stay-
and-treat’ approach in the prehospital settings.4 Only a limited
number of studies in 1990s have revealed that longer prehospital
time was significantly associated with increased odds of mortality
in severely injured patients.11–13 Those studies have supported the
concept of the golden hour. However, several studies conducted
recently have demonstrated inconclusive results about the
concept of the golden hour. A large cohort study by Newgard et
al8 has presented that any EMS interval was not associated with
mortality. Similar results were also found in other studies.14–16
In comparison, a limited number of studies have evaluated the
association between in-hospital time course and mortality. Those
studies also did not find the association between elapsed time in
hospital and mortality.12 16 Our results did not show a significant
impact of shortening time to definitive care on mortality, which
was consistent with most previous studies.
The results of subgroup analysis indicated that the GAM
model of all patients had a mixed result of the two curves with
inverse directions in severe and moderate shock status. A paradoxical association between the elapsed time and decreased
mortality was found in the severe shock group, whereas a time-
dependently increase in mortality was found in the moderate
shock group. The conflicting results could be partly attributed
to the difference in the tolerance of patients between those two
strata. SBP between 70 mm Hg and 90 mm Hg is comparable
with the range of ‘permissive hypotension’ which prevents
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Table 1

Characteristics of patients

Median age, year (IQR)
Male (%)

Total

Severe shock

Moderate shock

n=1169

n=777

n=392

50.0
779

(34.0–67.0)
(66.6)

54.0
513

(36.0–70.0)
(66.0)

43.5
266

(30.0–60.0)
(67.9)

Year of occurrence
 2006–2010 (%)

478

(40.9)

306

(39.4)

392

(43.9)

 2011–2015 (%)

691

(59.1)

471

(60.6)

220

(56.1)

Penetrating injury (%)

271

(23.2)

169

(21.8)

102

(26.0)

975

(83.4)

649

(83.5)

326

(83.2)

82

(7.0)

57

(7.3)

25

(6.4)

112

(9.6)

71

(9.1)

41

(10.5)

(16.0–41.0)

27.0

(16.0–41.0)

29.0

(16.0–41.0)

Transport measure (%)
Ambulance
Doctor-staffed car
Helicopter
Median ISS (IQR)

29.0

Median AIS (IQR)
 Brain

0.0

(0.0–3.0)

0.0

(0.0–3.0)

0.0

(0.0–3.0)

 Chest

3.0

(0.0–4.0)

2.0

(0.0–4.0)

3.0

(0.0–4.0)

 Abdomen

2.0

(0.0–3.0)

2.0

(0.0–4.0)

2.0

(0.0–3.0)

 Lower extremities and pelvis

2.0

(0.0–4.0)

2.0

(0.0–4.0)

1.0

(0.0–4.0)

Vital signs on arrival, median (IQR)
 SBP

62.0

(40.0–74.0)

 RR

25.0

(20.0–30.0)

 HR

119.0

 GCS

12.0

(93.0–133.0)
(6.0–14.0)

54.0
24.0
107.0
12.0

(40.0–62.0)
(20.0–30.0)
(82.0–127.0)
(6.0–14.0)

80.0
26.0
126.0
13.0

(74.0–84.0)
(20.0–32.0)
(118.0–140.0)
(7.0–14.0)

Type of procedure in ED (%)
 Intubation

770

(65.9)

524

(67.4)

246

69

(5.9)

51

(6.6)

18

(4.6)

 REBOA

154

(13.2)

120

(15.4)

34

(8.7)

 Transfusion

948

(81.1)

626

(80.6)

322

(82.1)

 ERT

(62.8)

Type of definitive care (%)
 Craniotomy

50

(4.3)

33

(4.2)

17

(4.3)

 Thoracotomy

159

(13.6)

105

(13.5)

54

(13.8)

 Laparotomy

387

(33.1)

256

(32.9)

131

(33.4)

 Orthopedic surgery

141

(12.1)

99

(12.7)

42

(10.7)

 TAE

340

(29.1)

226

(29.1)

114

(29.1)

Median time interval, min (IQR)
 From injury to arrival at hospital
 From arrival at hospital to definitive care
 From injury to definitive care

37.0
95.0
137.0

(28.0–48.0)
(61.0–133.0)

36.0
93.0

(102.0–177.0)

136.0

(33.0)

282

(28.0–48.0)

37.0

(28.0–49.0)

(60.0–132.0)

100.0

(63.0–137.0)

(101.0–177.0)

139.0

(103.8–179.2)

(36.3)

104

Hospital course
 In-hospital mortality
 Median length of stay in hospital (IQR)

386
20.0

(2.0–58.8)

17.0

(1.0–59.0)

24.0

(26.5)
(4.0–58.0)

AIS, Abbreviated Injury Scale; ED, emergency department; ERT, emergency resuscitative thoracotomy; GCS, Glasgow Coma Scale; HR, heart rate; IQR, Interquartile range; ISS, Injury Severity Score;
REBOA, resuscitative endovascular balloon occlusion of the aorta; RR, respiratory rate; SBP, systolic blood pressure; TAE, transarterial embolization.

dislodgement of blood clots during resuscitation. Permissive hypotension was strongly recommended in the European
guidelines (grade 1C).17In addition, a recent meta-analysis has
concluded that the management of permissive hypotension
had a positive effect on survival outcome.18 Therefore, one
possible explanation is that providers assumed that they had a
margin of time before performing definitive care for patients
with permissive hypotension. However, experimental studies
have reported that a positive effect of permissive hypotension
on survival outcome was seen only when it was maintained for
a short interval, and longer duration hypotensive resuscitation
led to severe organ damage.19 20 Those studies indicated that a
critical delay for hemostasis outweighed a protective effect of

permissive hypotension. That could be one of the reasons for
the time-dependently increase of mortality in moderate shock
patients. However, the same studies suggested that severe shock
status could not be tolerated even for a short interval, resulting
in high mortality after hemostasis in any case.19 20
Another potential explanation of the paradoxical result in the
severe shock group was a risk of residual confounding. In fact,
the inverse association between time and mortality were observed
among several studies.4 21–25 Conventionally, medical staff could
screen severely injured patients based on their knowledge and
experience. Therefore, the severity of injury might accelerate a
provider’s action to transport, stabilize and initiate critical intervention with haste. Lerner et al21 have reported that patients
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Figure 3 Non-parametric curves of trend in log odds of in-hospital
mortality with time to definitive care using generalized additive models
((A) severe shock patients: n=777; (B) moderate shock patients: n=392).
The shade bands showed 95% CI.

Figure 1 Distribution of time from injury to definitive care.
classified as ‘critical’ or ‘unstable’ according to the subjective
perception of EMS providers had shorter total prehospital time
than those who were ‘stable’. Moreover, non-survivors had even
shorter out-of-hospital time than survivors among the critical or
unstable groups. Those findings suggested that provider’s perception of high severity hastened medical attention. In other words,
the perception itself could be an important predictor of mortality,
leading to confounding. Since such a factor was not be measured
and adjusted, our model in patients with severe shock status also
inherently contained such risk of residual confounding. In contrast,

Figure 2 Non-parametric curves of trend in log odds of in-hospital
mortality with time to definitive care using the generalized additive
model for total patients (n=1169). The shade bands showed 95% CI.
4

the moderate shock group was presumably less influenced by such
behavior than the severe shock group.
The strength of this study is to present the effect of timeliness of
hospital-based intervention on mortality. To date, a large majority
of studies focused only on out-of-hospital time.4–6 8 11–16 21 22 24 26
Since the golden hour principally depends on the timeliness of
critical intervention,8 27 a more cautious consideration should be
paid to the in-hospital time course. We believe that this study could
contribute to building a part of the evidence in both prehospital
hospital settings. Moreover, the non-
parametric fitted
and in-
curves of the GAM analysis visually demonstrated a different time
trends of mortality between severe and moderate shock status. The
observed differences could partly answer the question of the inexplicable results in several of the previous studies.
There were several limitations in this study. First, there was a
potential residual confounding as described above. Therefore,
cautious interpretation is required to apply our results to clinical settings, especially for severe shock patients. We never deny

Figure 4 Non-parametric curves of trend in log odds of in-hospital
mortality with time from actual time from injury onset to definitive care
using the generalized additive model (n=798). The shade bands showed
95% CI.
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any effort to minimize time to definitive care for those patients.
However, time management to reduce the time to definitive care
alone might be insufficient to improve the survival outcome of
those with an inherently worse prognosis. To improve this issue,
the development of an innovative approach is required. Such
a topic is beyond the scope of this study. Further studies are
needed in the future. Second, we used EMS call activation time
as a surrogate of onset time based on the past studies.5 6 8 16 21 22
It might have been different from actual time of injury onset.
However, sensitivity analysis assessing around two-
thirds of
enrolled patients showed the similar trend, supporting the main
result. Third, this study had a risk of inherent heterogeneity of
the system of regional trauma care as well as several studies.8 15 16
Unfortunately, we could not identify the region where injuries
occurred from the registry. However, such variability might have
reflected a real-world condition. Lastly, the present study is at
potential risk of another selection bias in the study population.
We restricted the enrollment to those who survived for at least
4 hours to address the immortal time bias.7 Since we might have
excluded patients who died before undergoing definitive care,
the restriction could cause an underestimation of the effect.
Conversely, we might also have missed patients who died early
of a complication of definitive care, leading to an overestimation
of the effect. For a better understanding, further information
such as a cause of death should be assessed in the future studies.

Conclusion

We observed no association of shorter time to definitive care
with a decrease in mortality of hemodynamically unstable trauma
patients. However, our study indicated that patients with moderate
shock could benefit from prompt time management to initiate
definitive care.
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