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Abstract

Background: Although the shock index is known to predict mortality and other severe outcomes, deriving it
requires complex calculations. Subtracting the systolic blood pressure from the heart rate may produce a simple
shock index that would be a clinically useful substitute for the shock index. In this study, we investigated whether
the simple shock index was equivalent to the shock index.

Methods: This observational cohort study was conducted at 2 tertiary care hospitals. Patients who were
transported by ambulance were recruited for this study and were excluded if they were aged < 15 years, had
experienced prehospital cardiopulmonary arrest, or had undergone inter-hospital transfer. Pearson’s product-
moment correlation coefficient and regression equation were calculated, and two one-sided tests were performed
to examine their equivalency.

Results: Among 5429 eligible patients, the correlation coefficient between the shock index and simple shock index
was extremely high (0.917, 95% confidence interval 0.912 to 0.921, P < .001). The regression equation was estimated
as sSI = 258.55 log SI. The two one-sided tests revealed a very strong equivalency between the shock index and the
index estimated by the above equation using the simple shock index (mean difference was 0.004, 90% confidence
interval 0.003 to 0.005).

Conclusion: The simple shock index strongly correlated with the shock index.

Keywords: Ambulance, Blood pressure, Cohort study, Critical illness, Heart rate, Shock index, Tertiary care hospital,
Vital signs

Background
The shock index (SI) is an indicator of the severity of
hypovolemic shock and is calculated by dividing the
heart rate (HR) by systolic blood pressure (SBP) [1].
It serves to predict the mortality, need for blood
transfusion, or necessity of intensive care unit admission

among patients with trauma [2–7], postpartum haemor-
rhage [8, 9], acute myocardial infarction [10, 11], stroke
[12, 13], sepsis [14, 15], and other critical conditions [16,
17]. Numerous previous studies have demonstrated that
the SI demonstrates superior prediction for mortality to
traditional vital signs, although it has some limitations, in-
cluding its low sensitivity especially for the elderly or ob-
stetric patients [2–17]. However, in clinical practice,
calculating the SI for all patients is difficult. An SI value >
0.9 is generally accepted as a cut-off point for an increased
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risk of mortality [16], but it is sometimes difficult to
quickly calculate whether the patient meets this cut-off
when the value of the quotient (particularly when consid-
ering the second decimal place) is extremely close to 0.9
(e.g. When a patient has an HR of 103 beats per minute
and SBP of 114mmHg, the quotient is approximately
0.904 and it technically meets the cut-off but it is exceed-
ingly difficult to calculate promptly without a calculator).
Having a confusing cut-off value, the SI needs to be inter-
preted from several variables to identify patients with a
critical status but stable HR and SBP making it an imprac-
tical indicator that is rarely used in scoring systems asses-
sing emergencies. Furthermore, despite its utility, there is
no established consensus on when and where to utilize SI
in emergency departments (EDs) [18]. Recent studies have
attempted to validate revised SI measurements meant to
improve its ability to predict mortality [19–22]; however,
such calculations are more complicated and tend to be
avoided by clinicians. If the calculation of the SI can be
made simpler, it would lead to rapid progress in terms of
the clinical research using SI.
Considering that SI is used to represent the different

dynamics of HR and SBP [23, 24], it is possible that sim-
ply subtracting the SBP from the HR may provide a use-
ful substitute for SI, improving the availability of a
calculated value as it is easier to mentally subtract inte-
gers than to divide them.
In this study, we identify the proposed new index the

simple shock index (sSI) and investigated whether the
sSI predicted SI equivalently among patients transported
to hospitals via ambulance.

Methods
Study design and setting
This observational cohort study was conducted at two
urban tertiary hospitals that annually receive via ambulance
transport patients (> 2500 and > 4000 respectively). Written
informed consent was waived because of the retrospective
observational nature of the study, which was conducted
using the opt-out method on the hospital websites. All data
were fully anonymized. The institutional ethical review
board of the University of Fukui Hospital (20160131) and
the Fukui Prefectural Hospital (16–60) approved the study’s
protocol. All methods were carried out in accordance with
relevant guidelines and regulations.
Patients were considered eligible if they were trans-

ported to either hospital via ambulance between July 1,
2015 and June 30, 2016. Patients who were aged < 15
years, experienced prehospital cardiopulmonary arrest,
or underwent inter-hospital transfer were excluded.

Study protocol
The collected data included HR in the ED, SBP in the
ED, age, sex, trauma, pregnancy status, acute myocardial

infarction, sepsis, chronic respiratory disease (previous
history of chronic obstructive pulmonary disease,
chronic bronchitis, asthma, bronchiectasis, interstitial
pneumonia, pulmonary tuberculosis, or lung cancer),
and intracranial disease (having suffered from stroke,
transient ischemic attack, encephalitis, encephalopathy,
seizure, brain tumour, hydrocephalus, concussion, cere-
bral contusion, or traumatic subarachnoid haemorrhage
at arrival to ED). These specific patient characteristics
were included since many previous studies have exam-
ined the ability of the SI to predict mortality or other
critical conditions in those with trauma, pregnancy,
acute myocardial infarction, sepsis, and intracranial dis-
ease [2–15], and because HR and SBP of aged or chronic
respiratory disease patients are known to exhibit specific
dynamics [25–27].
HR and SBP were documented immediately following

a patient’s arrival to ED. These data were extracted from
the electronic medical records. When available, prehos-
pital vital signs documented in emergency service re-
cords were used to substitute for missing ED vital sign
data. The bedside monitor models BSM-3562 (NIHON
KOHDEN, Tokyo, Japan) and PVM-2703 (NIHON
KOHDEN, Tokyo, Japan) were used to measure prehos-
pital and in-hospital vital signs, respectively. Any
remaining missing data were complemented using the
multiple imputation method [28, 29]. To minimize selec-
tion or operator bias, all data were collected retrospect-
ively and were fully anonymized before analysis.
The SI and sSI were calculated from the HR and SBP

as mentioned above (SI = HR/SBP; sSI = HR − SBP).

Statistical analysis
Categorical variables were reported as numbers and per-
centages, while continuous variables were reported as
the median and interquartile range (IQR). Patients aged
65 years and older were classified as aged individuals ac-
cording to the definition widely adopted in developed
countries [30]. We used a generally accepted consensus
and the 2018 European Society of Cardiology/European
Society of Hypertension Guidelines for the management
of arterial hypertension [31, 32] to classify patients into
four categories according to their SBP as follows: those
with SBP of < 90 mmHg were included in the
hypotension group, those with SBP of 90–139 mmHg
were included in the normotension group, those with
SBP of 140–179mmHg were included in the hyperten-
sion group, and those with SBP ≥180 mmHg were in-
cluded in the severe hypertension group.
First, a correlation plot for SI and sSI derived from all

subjects was constructed, and the Pearson’s product-
moment correlation coefficient was calculated. Regres-
sion analysis was performed using the least-squares
method where possible. According to the regression
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equation, the sSI value, which corresponds to the SI
value of 0.9, was determined.
Next, an equivalence test with two one-sided test

(TOST) was used to examine the mean difference be-
tween the SI and estimated value of SI derived by sSI
from the regression equation mentioned above. It was
necessary to convert sSI to the same scale as SI using
the procedure noted previously since TOST compares
mean difference between two groups. In a TOST,
equivalency is determined when the 90% confidence
interval (CI) of mean difference is settled within a prede-
termined equivalence margin [33]. Since the equivalence
margin between 0.25 and 0.5 of effect size adjusted for
standard deviation is usually chosen in practice [34], we
chose 0.25 of the standardized effect size of the SI as the
equivalent margin. Power values of 0.8 were considered
statistically significant. Equivalence tests were also per-
formed for 14 patient subgroups including aged, non-
aged, female, male, trauma, pregnant, acute myocardial
infarction, sepsis, chronic respiratory disease, intracra-
nial disease, hypotension, normotension, hypertension,
and severe hypertension. The potential risk of type I er-
rors due to multiple subgroup analyses would be ex-
pected to occur in up to 0.7 nominally statistically
significant interaction tests (P < 0.05) by chance alone,
which was a sufficiently low possibility [35].
Finally, we performed a sensitivity analysis to validate

robustness with respect to missing data with an equiva-
lence test using all cases that were not missing any data
[36]. R software, version 3.4.1 (The R Foundation,
Vienna, Austria) was used for all statistical analyses.

Results
Characteristics of the study subjects
There were 6687 patients who were transported to the
two hospitals via ambulance during the study period;

1258 of these patients were excluded including 527 aged
< 15 years, 136 who experienced prehospital cardiopul-
monary arrest, and 595 who underwent inter-hospital
transfer. Thus, 5429 patients were ultimately evaluated
(Fig. 1). The patients’ characteristics are shown in
Table 1. The median age was 68 (IQR 47–81), and the
median ages of those aged 15–64 and aged ≥65 were 43
(IQR 29–56) and 80 (IQR 73–85), respectively. The me-
dian HR and SBP values were 84 (IQR 72–97) and 140
(IQR 121–163) mmHg, respectively. Prehospital HR of
765 cases (14.1%) and prehospital SBP of 721 cases
(13.3%) were substituted for missing values of the ED.
Remaining missing HR and SBP values were comple-
mented by using the multiple imputation method for
958 (17.6%) and 912 (16.8%) patients, respectively. No
other data were missing.

Main results
The Pearson’s product-moment correlation coefficient
between the SI and sSI was 0.917 (95% CI 0.912–0.921,
P < .001), indicating an extremely high correlation. The
log SI/sSI correlation plot represented a proportional re-
lationship (Fig. 2) and the regression equation was esti-
mated as sSI = 258.55 log SI using the least-squares
method with logarithmic transformation. According to
this equation, an sSI value of − 12 was found to corres-
pond to the SI value of 0.9.
Next, an equivalence test with TOST was performed

for comparisons between SI and the estimated value of
SI derived by sSI. The estimated value of SI was calcu-
lated as 10sSI/258.55 according to the regression equation
mentioned above. Equivalence margin was determined
as ±0.052, since it was 0.25 of the standardized effect
size of SI. The TOST revealed an equivalency between
the SI and sSI (mean difference, 0.004; 90% CI, 0.003 to
0.005; statistical power, 100.00%). Similar consequences

Fig. 1 Flowchart of the study
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were also derived from subgroup analyses except for se-
vere hypertension (Table 2, Fig. 3). The statistical power
for all analyses of each subgroup and all subjects were
over 97.29%.
In the sensitivity analysis, the robustness of equiva-

lency was validated using 3629 cases (66.8%) that did
not lack any data of ED (mean difference was 0.006, 90%
CI 0.004 to 0.007, statistical power 100.00%).

Discussion
In this study, we revealed that the sSI, which was derived
by subtracting the SBP from the HR, strongly correlated
with the SI among the patients transported via ambu-
lance. Meanwhile, an sSI value of > − 12 was observed to
correspond to the known SI cut-off value of > 0.9, which
is the most common optimized cut-off point, as has
been previously described [16]. However, as positive
numbers are more easily calculated and interpreted, in-
stead of calculating the sSI cut-off using HR − SBP > − 12
as we have done in the present study, we recommend
using either SBP − HR < 12 or HR + 12 > SBP instead,
which can be considered to be equivalent to an SI > 0.9.

Table 1 Patients’ Characteristics

N (%)

Age, years

15–64 2420 (44.6)

≥ 65 3009 (55.4)

Sex

Female 2677 (49.3)

Male 2752 (50.7)

Pre-existing condition

Trauma 1653 (30.4)

Pregnancy 91 (1.7)

Acute myocardial infarction 97 (1.8)

Sepsis 65 (1.2)

Chronic respiratory disease 114 (2.1)

Intracranial disease 643 (11.8)

Systolic blood pressure

Hypotension (< 90 mmHg) 129 (23.8)

Normotension (90–139mmHg) 2467 (45.4)

Hypertension (140–179mmHg) 2282 (42.0)

Severe hypertension (≥180mmHg) 551 (10.1)

Fig. 2 Correlation plot of the SI and sSI (HR − SBP). SI: shock index, sSI: simple shock index, HR: heart rate, SBP: systolic blood pressure. SI plotted
on logarithmic scale
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This finding confirms the utility of using the sSI for
more rapid assessment of the condition of patients ad-
mitted for emergency care than the more complicated
SI. Assuming that a calculator is not available, judging
whether the SI is more than 1.0 is quite easy because the
hypothesis is true when the value of HR is greater than
that of SBP. However, when the SI cut-off value is 0.9,
the judgement becomes difficult. As calculating HR/SBP
mentally can cause confusion, we often calculate SBP
times 0.9 mentally and then compare it with HR. For ex-
ample, when an HR of 103 and SBP of 114 are known,
we calculate 114 × 0.9 = 102.6 and then compare it with
103. Thus, we can judge SI to be > 0.9 because 103 >
102.6. Obviously, this procedure is complicated and
tends to lead to miscalculation. On the other hand, an
alternative criterion of sSI > − 12 makes the procedure
much simpler. For example, using the same values of
HR of 103 and SBP of 114, calculating HR plus 12 is the
first step to solve the hypothesis. When the sum (e.g.
103 + 12 = 115) is compared with SBP, we are able to
judge that sSI is > − 12 because 115 > 114. Since this
addition is quite easy, mental calculation can be per-
formed at a glance.
While attempts have been made to improve the pre-

dictive ability of SI for mortality or other outcomes,
these endeavours have made the process more

complicated. Examples of such previously proposed pre-
dictors include an index called ‘age shock index’ derived
by multiplying the SI with the patient’s age, or another
referred to as the ‘modified shock index’ obtained by
dividing the HR by the mean blood pressure [19, 20].
Other complicated predictors were also proposed such
as ‘respiratory adjusted shock index’ calculated by multi-
plying the SI with the respiratory rate/10 and ‘reverse
shock index multiplied by Glasgow Coma Scale score’
derived by dividing the Glasgow Coma Scale by the SI
[21, 22]. To the best of our knowledge, this is the first
study aimed at simplifying the calculation using subtrac-
tion, as no previous groups have proposed the idea of
subtracting the SBP from the HR for purposes of esti-
mating the SI.
The sSI was shown to be equivalent to SI in most sub-

groups by TOST and only significantly underestimated
SI in the severe hypertension subgroup. However, we be-
lieve this finding will have minimal on the utility of sSI
in clinical practice mainly because SI was mainly devel-
oped to identify patients who were in a critical state des-
pite their vital signs being within normal range [16, 31].
Another reason is that very low SI values should not be
ignored as they can often pose risks to patients contrary
to what is expected. Several studies have reported a J-
shaped relationship between SI and mortality [4, 13],

Table 2 SI and SI derived by sSI (HR-SBP) equivalence tests

N Mean difference (90% CI)

Age, years

15–64 2420 0.009 (0.008 to 0.011)*

≥ 65 3009 0.000 (− 0.001 to 0.002)*

Sex

Female 2677 0.003 (0.001 to 0.004)*

Male 2752 0.005 (0.004 to 0.007)*

Pre-existing condition

Trauma 1653 0.000 (−0.002 to 0.002)*

Pregnancy 91 0.008 (0.004 to 0.012)*

Acute myocardial infarction 97 0.016 (0.006 to 0.026)*

Sepsis 65 −0.022 (− 0.038 to − 0.006)*

Chronic respiratory disease 114 −0.003 (− 0.011 to 0.005)*

Intracranial disease 643 −0.005 (− 0.008 to − 0.002)*

Systolic blood pressure

Hypotension (< 90 mmHg) 129 0.008 (−0.014 to 0.031)*

Normotension (90–139mmHg) 2467 0.030 (0.029 to 0.031)*

Hypertension (140–179mmHg) 2282 −0.007 (− 0.009 to − 0.006)*

Severe hypertension (≥180mmHg) 551 −0.064 (− 0.066 to − 0.061)

Total 5429 0.004 (0.003 to 0.005)*

SI Shock index, sSI Simple shock index, HR Heart rate, SBP Systolic blood pressure, CI Confidence interval. Equivalence margin is 0.052. SI derived by sSI was
calculated according to the following estimation equation: sSI = 258.55 log SI.
*Significant results based on the 90% CI values
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that is mortality increases when the SI value is under
0.5. Therefore, our new indicator sSI would not be uti-
lized on patients with severe hypertension who would
typically require close monitoring as their SI values tend
to be very low.
Regarding the moderate number of missing values,

when comparing analysis using values generated from
the imputation method and from using only cases with-
out missing values our results indicated good concord-
ance between the measures examined and indicated that
sSI is a useful and precise tool.
This study has several limitations. We were unable to

investigate patients of different ethnicities because this
study was conducted in a single geographic area. More-
over, there is a dearth of a theoretical framework to sup-
port the sSI, given that this study was intended as
merely a proposal of a pragmatic alternative to the SI.
Additionally, although the SI is used to predict mortality,
necessity of blood transfusion, or necessity for intensive
care unit admission, our study did not address these out-
comes; we tested only the correlation between the SI
and sSI here. Moreover, we could not prove that the
assessed patients were clinically in shock or not since

this diagnosis is determined using various factors such
as cardiac output, lactate level, urine output, blood gas
analyses, and mental status. Furthermore, there is cer-
tainly a possibility of multiplicity in the subgroup ana-
lyses, although this possibility was estimated to be
sufficiently low. These issues should be addressed in fu-
ture studies intended to clarify the scientific underpin-
nings of sSI, to further validate sSI as an accurate
substitute calculation for SI, or to justify the clinical util-
ity of sSI.

Conclusions
The sSI was demonstrated to highly correlate with the
SI among patients transported to hospitals in our study
via ambulance, though further studies are needed to val-
idate its clinical utility. Given that the sSI is easier to cal-
culate and use for performing evaluations, it can be a
useful and highly precise alternative to the SI.

Abbreviations
SI: Shock index; HR: Heart rate; SBP: Systolic blood pressure; sSI: Simple shock
index; ED: Emergency department; IQR: Interquartile range; TOST: Two one-
sided test; CI: Confidence interval

Fig. 3 Equivalency tests between SI and SI derived by sSI (HR − SBP). SI: shock index, sSI: simple shock index, HR: heart rate, SBP: systolic blood
pressure. Equivalence margin is 0.052. SI derived by sSI was calculated according to the following estimation equation: sSI = 258.55 log SI
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