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Article history: Background: Modified shock index (MSI) is a useful predictor in trauma patients. However, the value of
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of preMSI in predicting massive transfusion (MT) and hospital mortality among trauma patients.

Methods: This was a retrospective, observational, single-center study. Patients presenting consecutively to the
trauma center between January 2016 and December 2017, were included. The predictive ability of both
prehospital shock index (preSI) and preMSI for MT and hospital mortality was assessed by calculating the
areas under the receiver operating characteristic curves (AUROCS).

Results: A total of 1007 patients were included. Seventy-eight (7.7%) patients received MT, and 30 (3.0%) patients
died within 24 h of admission to the trauma center. The AUROCs for predicting MT with preSI and preMSI were
0.773 (95% confidence interval [CI], 0.746-0.798) and 0.765 (95% CI, 0.738-0.791), respectively. The AUROCs for
predicting 24-hour mortality with preSI and preMSI were 0.584 (95% CI, 0.553-0.615) and 0.581 (95% ClI,
0.550-0.612), respectively.

Conclusions: PreSI and preMSI showed moderate accuracy in predicting MT. PreMSI did not have higher predic-
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tive power than preSI. Additionally, in predicting hospital mortality, preMSI was not superior to preSI.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Trauma is the most common cause of death in people less than years
and is a major financial problem worldwide [1,2]. Bleeding accounts for
nearly 50% of deaths within 24 h of the trauma, and is the largest pre-
ventable cause of death [3,4]. If a patient with severe bleeding does
not receive treatment quickly, irreversible damage may follow [5].
Therefore, it is very important to accurately classify bleeding patients
at the pre-hospital stage and transfer them to the appropriate hospital
[6].

Abbreviations: ABC, Assessment of Blood Consumption; AUROC, areas under the
receiver operating characteristic curves; DBP, diastolic blood pressure; ED, emergency
department; HR, heart rate; ICU, intensive care unit; ISS, injury severity score; KTDB,
Korean Trauma Data Base; MAP, mean arterial pressure; MSI, modified shock index; MT,
massive transfusion; PACT, Prediction of Acute Coagulopathy of Trauma; PRBC, packed
red blood cell; ROC, receiver operating characteristic; SBP, systolic blood pressure; SI,
shock index; TASH, Trauma Associated Severe Hemorrhage.
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Shock index (SI) is a useful parameter that can be used at the pre-
hospital stage for trauma patients. It is calculated as the ratio of heart
rate (HR) to systolic blood pressure (SBP), and is superior to both SBP
and HR alone in predicting blood loss [7,8]. SI provides potentially
good inter-observer reliability for use patients with multiple injuries
[9]. Since SI can be easily calculated only by knowing the SBP and HR
values, it can be used easily at the pre-hospital stage. Several studies
have reported the value of pre-hospital SI in trauma patients [10-13].

However, because SI does not reflect diastolic blood pressure (DBP),
Liu et al. [14] introduced the modified shock index (MSI), which is cal-
culated by replacing SBP with mean arterial pressure (MAP) in the
equation for SI. They reported that since MSI is influenced by DBP, it re-
flects stroke volume and systemic vascular resistance more accurately
than SI. Ajai et al. [15] compared the predictive values of SI and MSI
for in-hospital mortality in 9860 adult trauma patients, and reported
that MSI was a better predictor for mortality. MSI can be easily mea-
sured at the pre-hospital stage. However, no studies have examined
the value of MSI in the pre-hospital stage of trauma patients.

The purpose of this study was to determine the ability of prehospital
MSI (preMSI) to predict massive transfusion (MT) and in-hospital mor-
tality in trauma patients. In addition, we compared the predictive power
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of prehospital SI (preSI) and preMSI for MT and 24-hour mortality
among the trauma patients. The authors hypothesized that preMSI
would be a useful predictor of MT and 24-hour mortality. We also pre-
dicted that preMSI had a better predictability score than preSI.

2. Methods
2.1. Study design and setting

This was a retrospective, observational, single-center study con-
ducted at a trauma center of a 1400-bed, tertiary care, university-
affiliated hospital in Pusan, Korea. The study was approved by the insti-
tutional review board of the hospital. The trauma center serves as a
Level I regional trauma center for patients primarily from Busan City
and Kyung-Nam Province; the total population of both areas is approx-
imately 6.8 million people. In 2017, >1000 trauma patients with injury
severity score (ISS) >15 presented to the unit.

2.2. Participants

Between January 2016 and December 2017, all consecutive adult pa-
tients (18 years of age or older) with blunt or penetrating injuries were
screened as candidates for inclusion in the study. Blood pressure was
measured using a sphygmomanometer at the pre-hospital phase. Dur-
ing this period, there was no use of either blood transfusion or vasopres-
sors in the pre-hospital phase. Patients transferred from other hospitals,
as well as pre-hospital cardiac arrest patients who had no values for HR
or SBP and DBP were excluded. Patients with missing values for SBP,
DBP, and HR at the pre-hospital stage, and those without blunt or pen-
etrating injury mechanism were also excluded.

2.3. Data collection and variables

The data were extracted from the Korean Trauma Data Base (KTDB)
and the electrical medical records for each patient in our hospital. KTDB
was established by the Ministry of Health and Welfare of Korea in 2013,
to collect data on trauma patients from selected regional trauma centers
[16]. Data collected included age, sex, vital signs (SBP, DBP, HR) at pre-
hospital injury place, packed red blood cell (PRBC) transfused within
the first 4 and 24 h of admission from emergency department (ED),
and 24-hour mortality. We calculated preSI and preMSI using the fol-
lowing formulas:

preSI = heart rate/systolic blood pressure in the prehospital stage
preMSI = heart rate/mean arterial pressure in the prehospital stage

At the pre-hospital phase, the blood pressure was measured once or
twice. In a situation where there were two blood pressure measure-
ments, we used the lower of the two to calculate preSI and preMSL

2.4. Outcome measure

The primary outcome was MT, which was defined as 10 or more
units of packed red cells transfused within 24 h of admission to the ED
[17]. The secondary outcome was 24-hour mortality. In addition, we cal-
culated the transfusion requirement within the first 4, and 24 h of ad-
mission to the ED.

2.5. Statistical analysis

Continuous variables with normal and abnormal distribution were
reported as mean 4+ standard deviation (SD) or median with interquar-
tile range (IQR), while categorical variables were reported as frequency
(percentage). To determine the optimal cut-off values of preSI and
preMS], (i.e. maximizing the sum of sensitivity and specificity), receiver

operating characteristic (ROC) curve was drawn. The predictive ability
of each index for MT was assessed by calculating the areas under the
ROC curves. High accuracy was defined as an area under the receiver op-
erating characteristic curve (AUROC) of >0.9, while moderate accuracy
was defined as an AUROC of 0.7-0.9, and low accuracy was defined as
the AUROC of <0.7 [18]. A p-value of <0.05 was considered statistically
significant. SPSS version 18.0 software (IBM, Corporation, Armonk, NY,
USA) was used for statistical analysis.

3. Results
3.1. General characteristics of the study population

A total of 2562 patients presented to the trauma center ED during
the study period. The following patients were excluded: patients aged
<18 years (n = 160), those transferred from other hospitals (n =
1180), those who experienced pre-hospital cardiac arrest (n = 108),
those with missing or no values for SBP, DBP, and HR at the pre-
hospital stage (n = 98), and patients with burn injuries (n = 9); finally
1007 patients were included in the study. There were 792 male patients
(78.6%) and 215 female patients (21.4%), with a median age (IQR) of
53.0 (37.0-63.0) years. At presentation to the ED, 931 (92.5%) patients
had blunt injuries, and 76 (7.5%) had penetrating injuries. The median
values of preSI and preMSI were 0.73 (0.60-0.92) and 0.94 (0.79-1.21),
respectively. A total of 313 (31.1%) patients received emergent surgery
or embolization. PRBC transfusion was administered to 304 (30.2%)
within 4 h, and 377 (37.4%) within 24 h of admission. In total, 78
(7.7%) patients received MT. From the ED, 67.4% of patients were admit-
ted to the intensive care unit (ICU), 22.8% were admitted to the general
ward, 9.0% were transferred to the other facilities and 7 patients died
in the ED. 24-hour mortality of the study patients was 3.0% (n = 30).
The preSI and preMSI in the MT group were significantly higher than
those in the non-MT group (p < 0.001, and p < 0.001, respectively).
Table 1 summarizes the general characteristics of the study population.

3.2. ROC curves and AUROCs to predict transfusion and 24-hours mortality

Table 2 shows the optimal cut-off values of preSI and preMSI to pre-
dict transfusion within 4 h and 24 h and MT. The preSI and preMSI cut-
off values of for prediction of MT were 0.91 (sensitivity, 0.65; specificity,
0.77), and 1.28 (sensitivity, 0.60; specificity, 0.82), respectively. The
AUROCs for predicting MT with preSI and preMSI were 0.773 (95% CI,
0.746-0.798) and 0.765 (95% CI, 0.738-0.791), respectively. There
were no differences between the AUROCs of both indices (Fig. 1).
Table 2 also shows the optimal cut-off values of preSI and preMSI to pre-
dict 24-hour mortality, which were 1.28 (sensitivity, 0.27; specificity,
0.93) and 1.70 (sensitivity, 0.26; specificity, 0.93), respectively. The
AUROCs for predicting 24-hour mortality with preSI and preMSI were
0.584 (95% CI, 0.553-0.615) and 0.581 (95% CI, 0.550-0.612), respec-
tively. There were no differences between the AUROCs of both indices
(Fig. 2).

4. Discussion

In this study, we investigated the accuracy of preSI and preMSI in
predicting MT in trauma patients. The accuracy of preSI and preMSI in
predicting MT was better than that for predicting the 4 h and 24 h trans-
fusion requirements. In predicting MT, both indices showed moderate
accuracy. In contrast with the hypothesis, preMSI did not have higher
predictive power than preSl. Regarding the mortality rate, preSI and
preMSI showed low accuracy, and there was no significant difference
between them.

Immediate awareness of patients at risk of hemorrhagic shock in the
pre-hospital phase is essential to optimize patients' clinical outcome [6].
If a patient experiencing a massive bleeding event is transferred to a
hospital without sufficient trauma care resources, the patient will likely
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Table 2
Predictive power of the preSI and preMSI for transfusion and hospital mortality

Table 1
Characteristics and pre-hospital vital signs of included patients
Variable Total MT Non-MT  p-Value
(n=1007) (n=78) (n=929)
. 53.0 55.5 53.0
Age (y), median (range) (37.0-630) (400-643) (37.0-630) 0389
Male, n (%) 792 (78.6) 63 (80.8) 729 (78.5) 0.774
Injury mechanism, n (%) 0.042
Driver and passenger 206 (205)  19(244)  187(20.1)
collision
Motorcycle collision 200 (19.9) 10 (12.8) 190 (20.5)
Pedestrian collision 23 (2.3) 0(0.0) 23 (2.5)
Blunt trauma by object 184 (18.3) 20 (18.3) 164 (17.7)
Ground level fall 2(12) 3(3.8) 9 (1.0)
Fall from height 307 (30.5) 19 (24.4) 288 (31.0)
Penetrating 75 (7.4) 7 (9.0) 68 (7.3)
Prehospital vital signs,
median (range)
. 120 90 120
Systolic blood pressure (100-140) (70-110) (100-140) <0.001
Diastolic blood pressure 80 (60-90) 60 (40-70) 80 (60-90) <0.001
. 90 66.6 93.3
Mean arterial pressure (733-1033) (50.0-833) (73.3-106.6) <0.001
93.5
Heart rate 88 (77-103) (80-112) 85(75-98) <0.001
. 0.73 1.07 0.71
Shock index (060-092) (08-15) (0.59-090) <0001
. . 0.94 1.37 0.95
Modified shock index (079-121) (1.02-195) (0.78-1.18) <0.001
Pr(e;)ospltal consciousness, n <0001
Alert 791 (78.6) 50 (64.1) 741 (79.8)
Verbal 5(5.5) 5(6.4) 50 (5.4)
Pain 81 (8.0) 8(10.3) 73 (7.9)
Unresponse 80 (7.9) 15(19.2) 65 (7.0)
. . 17.0 29.0 16.0
Injury severity score (9.0-260) (248-38.0) (9.0-24.0) <0.001
Emergency department
outcomes, n (%)
Surgery or embolization 313 (31.1) 71 (91.0) 242 (26.1) <0.001
Disposition <0.001

Intensive care unit 679 (674)  77(98.7) 602 (64.8)
admission

General ward
admission 230 (22.8) 1(1.3) 229 (24.7)

Transfer to other
facilities 91 (9.0) 0(0.0) 91 (9.8)

Death 7(0.7) 0 (0.0) 7 (0.7)
Transfusion within 4 h 304 (30.2) 77 (98.7) 227 (244) <0.001
Transfusion within 24 h 377 (374) 78(100.0) 299 (32.2) <0.001

24-hour mortality, n (%) 30 (3.0) 19 (24.4) 11(1.2) <0.001

MT, massive transfusion.

miss the most important point, the so-called ‘golden hour’ [19]. How-
ever, it is challenging to accurately triage severely injured patients in
the pre-hospital phase. There were several studies on this topic; in
2011, Guyette et al. conducted a study of trauma patients who were
transferred to a level 1 trauma center and found that pre-hospital lac-
tate was independently associated with mortality [20]. In 2016, Peltan
et al. introduced the final Prediction of Acute Coagulopathy of Trauma
(PACT) score by incorporating age, pre-hospital cardiopulmonary
resuscitation, pre-hospital Glasgow Coma Scale, SI, injury mechanism,
intubation parameter; and reported an AUROC for acute traumatic coag-
ulation prediction of 0.8 [21]. However, there are many settings where
blood tests cannot be conducted at the pre-hospital stage. It is also prac-
tically difficult to accurately measure the score in the urgent pre-
hospital phase. However, SI and MSI are simple and quick to calculate,
so they are well-suited for use in the pre-hospital stage.

Previous studies have evaluated the utility of preSI in trauma pa-
tients [6,10,12,13,22]. These studies found that preSI was a useful pre-
dictor for MT, hospital resource use, mortality, and major hemorrhage.
Pocheter et al. evaluated the predictive power of preSI for MT in 2557
patients with major trauma, and reported AUROC of 0.802 (95% ClI,

cutoff Sensitivity  Specificity LR(+) LR(—) AUROCs (95% CI)
4 h transfusion
0.688
SI 0.91 0.48 0.83 2.9 0.6 (0.659-0.717)
MSI 0.99 0.69 0.62 1.8 0.5 0.681

(0.651-0.710)

24 h transfusion

SI 0.91 0.42 0.84 2.6 0.7 (0.5;){2%?688)
MSI  0.98 0.64 0.62 17 0.6 (0.6322?632)
MT

SI 0.91 0.65 0.77 2.9 0.5 (0,7267-2798)
MSI  1.28 0.60 0.82 33 0.5 0765

(0.738-0.791)

24 h mortality

0.584
SI 1.28 0.27 0.93 4.0 0.8 (0.553-0.615)
MSI 1.70 0.26 0.93 38 0.8 0-581

(0.550-0.612)

preSI, prehospital shock index; preMSI, prehospital modified shock index; LR, likelihood
ratio; AUROCs, area under the receiver operating characteristic curve; CI, confidence inter-
val; SI, shock index; MSI, modified shock index; MT, massive transfusion.

0.74-0.87) [13]. This is slightly higher than the result of our study
(0.773 [95% CI, 0.746-0.798]). This difference is presumed to be due to
differences in injury severity among the patients between the studies.
In the study by the Pocheter and colleagues, patients had an ISS of 14
(IQR, 8-25) and MT of 2.2%, while the patients included in our study
had an ISS of 17 (IQR, 9-26) and MT of 7.7%.

To the best of our knowledge, there have been no studies that eval-
uated the utility of preMSI in trauma patients, and ours is the first study
to evaluate the value of preMSI in such patients. MSI has shown better
results than Sl in trauma patients at the hospital level [14,15]. We there-
fore hypothesized that preMSI would have better predictive power than
preSL. However, preMSI did not have higher predictive power for MT
and hospital mortality than preSI. While the reason is not clear, one
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Fig. 1. Receiver operating curve of preSI and preMSI to predict massive transfusion. preSI,
prehospital shock index; preMSI, prehospital modified shock index.
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Fig. 2. Receiver operating curve of preSI and preMSI to predict 24-hour mortality. preSI,
prehospital shock index; preMSI, pre-hospital modified shock index.

possible reason was that DBP in severe hypovolemic patients at the pre-
hospital stage may have been too low to measure accurately, and the
patients without DBP records were excluded from our study. Other pos-
sible reason is that patients with traumatic brain injury were not ex-
cluded. These patients have high ISS but relatively narrow alterations
in vital signs compared to hemorrhagic patients. In addition, traumatic
brain injury showed a bimodal relationship between SI and mortality
[23]. The relationship between prognosis and DBP in patients with trau-
matic brain injury has not been clearly established.

Our study had several limitations. First, this study was an observa-
tional study; therefore a potential bias can exist as a result of missing
data. Second, because it was a single center study, these results may
be difficult to generalize in clinical practice. Third, clear indications for
transfusion, emergency surgery, and angioembolization were not
established during the study period; treatment was administered per
the clinical judgment of the attending physicians. Lastly, we did not cal-
culate the Assessment of Blood Consumption (ABC), or Trauma Associ-
ated Severe Hemorrhage (TASH) scores which have been studied to
predict MT [24,25].

In conclusion, these results show that preMSI was not superior to
preSlin predicting MT and hospital mortality. Considering these results,
preSI may be more useful because it can be more easily calculated than
preMSI. However, this study had certain limitations, and additional
multicenter prospective studies are needed.
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