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ABSTRACT

Background

The value of shock-index has been demonstrated in hospital triage, but few studies have evaluated its prehospital use.
The aim of our study was to evaluate the association between shock-index in prehospital critical care and short-term

mortality.

Methods

We analyzed data from the national helicopter emergency medical services database and the Population Register
Centre. The shock-index was calculated from the patients’ first measured parameters. The primary outcome measure

was 1- and 30-day mortality.
Results

A total of 22 433 patients were included. The 1-day mortality was 7.5% and 30-day mortality was 16%. The median
shock-index was 0.68 (0.55/0.84) for survivors and 0.67 (0.49/0.93) for non-survivors (P = .316) at 30-days.
Association between shock-index and mortality followed a U-shaped curve in trauma (shock-index <0.5: odds ratio
2.5 [95% confidence interval 1.8-3.4], shock-index >1.3: odds ratio 4.4 [2.7—7.2] at 30 days). Patients with
neurological emergencies with a low shock-index had an increased risk of mortality (shock-index <0.5: odds ratio 1.8
[1.5 —2.3]) whereas patients treated after successful resuscitation from out-of-hospital cardiac arrest, a higher shock-
index was associated with higher mortality (shock-index >1.3: odds ratio 3.5 [2.3-5.4). The association was similar

for all ages, but older patients had higher mortality in each shock-index category.

Conclusion

The shock-index is associated with short time mortality in most critical patient categories in the prehospital
setting. However, the marked overlap of shock-index in survivors and non-survivors in all patient categories limits its
predictive value.

Editorial Comment

Shock in the prehospital resuscitation situation is not one specific condition, and it can be life-threatening. In this
study, an initial shock-index assessment from the prehospital site showed some relation to short-term survival, but this
was limited in this large group assessment. The first vital signs do not seem to be strongly predictive of how patients

will respond to resuscitation and hospitalization.
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INTRODUCTION

The use for medical helicopters has evolved significantly during the last decades. However, Helicopter Emergency
Medical Services (HEMS) are an expensive and often limited resource that should be used rationally. HEMS aims to
offer their services to the most critically ill to provide more sustainable outcomes.! The treatment of critically ill

prehospital patients is a clinical team-work effort with limited laboratory and imaginary options.

The shock index (SI), which is acquired by dividing the heart rate by the systolic blood pressure, has been used as a
tool to discern patients in serious cardiovascular distress.? Currently, the SI is recommended by the European Trauma
Guidelines for the treatment of exsanguinating trauma, and it has been shown to be useful as a tool when treating
cardiovascular emergencies.> A Danish study showed the SI’s applicability in the triage of a heterogenous patient
population presenting to the emergency department.® However, in certain conditions, such as ruptured ectopic
pregnancy, upper gastrointestinal bleed or pulmonary embolism, SI has been of less value, and its use in the pediatric
population is not established.” Furthermore, cardiac arrythmias and cardiovascular medications can affect the
index.!? The patient’s age also affects the SI’s prognostic value: multiplying the age with SI yields the age-SI, which

has been shown to be valuable in geriatric patients.”

In the prehospital setting, the patient population is unselected, and the resources regarding the patients’ medical
history may be limited. Previous prehospital studies on SI have found it beneficial in trauma management to guide the
administration of blood products and prepare the receiving hospital.!''4 Moreover, among septic patients, a high
prehospital SI has been shown to be associated with an increased risk of mortality.!> For prehospital patients SI could
assist in the secondary HEMS dispatch by the EMS crew attending the call. SI could also be used by the dispatched
HEMS unit to allocate resources upon primary report from the first attending EMS unit, as a surrogate for the degree

of physiological impairment in data collection for HEMS management and for scientific purposes.
The aim of our study was to investigate the ability of SI to predict short-term mortality in different patient- and age

categories encountered by HEMS. We hypothesized that a higher SI is associated with increased one-day mortality in

all patient categories.
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METHODS

Study design

Our study was a retrospective cohort study using data from the national HEMS database and the Population Registry
Centre. All HEMS dispatches between January 1, 2012 and September 8, 2019 were included in the study. The chosen
dates represent the establishment of the database and the latest practical data collection point. All entries to FHDB
were eligible. We were granted study permission from all participant hospital districts (Oulu University Hospital
200/2019 2.7.2019, Helsinki University Hospital HUS/280/2019 9.7.2019, Turku University Hospital J30/19
4.8.2019, Hospital District of Lapland 32/2019 22.8.2019, Kuopio University Hospital RPL 102/2019 22.8.2019 and
Tampere University Hospital RTL-R19580 2.9.2019). The protocol was reviewed and approved by the Ethical Board
of Helsinki University Hospital (HUS/3115/2019 §194). Permission was requested and granted by the Population
Registry Centre (VRK/5613/2019-3 1.11.2019) to acquire the patients’ mortality data. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement is followed in reporting the study.'®

Setting

We included data from all six HEMS units operating in Finland. The Finnish HEMS system and its characteristics
have recently been described in detail elsewhere.! In brief, it consists of five physician-staffed units and one
paramedic-staffed unit, based at the University Hospitals and Lapland, respectively. The units use either helicopters or
rapid response cars in response to dispatches, depending on distance and aviation factors. The units are primarily
dispatched by the emergency response centers according to national dispatch criteria with slight regional variations.
HEMS are usually dispatched simultaneously with the responding EMS, differing somewhat from other HEMS
systems. Typical missions include OHCA, major trauma and unconsciousness with an unknown origin. All bases use
the FinnHEMS database (FHDB) to report all calls. The FHDB incorporates alarm details in excess of the standing
recommendations.!”

The Population Register Centre collects data regarding citizens residing in Finland, including age, sex, place of
residence, marital status and dates of birth and death. Individual patients can be identified and tracked based on a
personal identification number given at birth or received on gaining access to healthcare and social welfare services

after immigration.

Participants and outcome measures

Inclusion criteria for our study were age 18 years or over, measured and registered heart rate and systolic blood
pressure upon HEMS contact and mortality data available from the Patient Register Centre. We excluded patients with
unknown age, missing heart rate or blood pressure, unmeasurable hemodynamic parameters (e.g. ongoing cardiac
resuscitation) or missing data from the Patient Register Centre. The first heart rate and systolic blood pressure

measured at the initiation of HEMS care were used as the SI values.
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Mortality data were extracted from the Finnish Population Register Centre on November 10, 2019. The primary
outcome measure was survival at 1- and 30 days after the prehospital event. Secondary outcomes were mortalities in
different subgroups following logistic regression analysis. The presenting medical problem was categorized in the
FHDB following the international consensus statement of data collection from physician-staffed prehospital
services.!7 For this study, the categories were combined into five groups based on the number of patients in different
categories as follows: trauma, OHCA, neurological (including stroke), intoxication, and other problems. The group
labelled other included patients with respiratory distress, chest pain, infections, obstetrical emergencies. SI was
categorized into five groups: < 0.5, 0.5-0.7 (normal range, selected as the reference category), > 0.7-0.9, > 0.9-1.3
and > 1.3. Patients were categorized by age into three age groups: 18—64 years (reference category), 65-79 years and
over 80 years. Glasgow Coma Scale (GCS) was categorized into four groups; 15 (reference category), 14-9, 4-8 and 3.

Patients were followed until 30 days, death, emigration or November 10, 2019, whichever came first.

Statistical methods

We present the quantitative variables as means and medians and their standard deviation (£ SD) or interquartile range
(1%t quartile/3™ quartile), respectively, depending on the distribution. Categorial variables are presented as n (%).
Mortality values are expressed as percentages with their respective 95% confidence interval (CI). We used a P value
of <.05 as evidence against the null hypothesis. Comparisons were calculated with the Chi-square, the Mann-Whitney
U test and the two-sample t-test where applicable. A multivariable logistic regression was used to study the effect of
gender, age-, shock index- and GCS-category for death at 1-day and 30-days for the different medical problems. The
Hoshmer-Lemeshow test was used with a P < .05 indicating a poor fit. We used SPSS 25 (IBM SPSS Statistics 25,
IBM Corporation, Armonk, NY, USA) and Prism 8 (GraphPad Prism 8, GraphPad Software, San Diego, CA, USA) to

calculate the data.
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RESULTS

Out of the total of 36 715 patients encountered during the study period, 22 433 (61%) were eligible for the study and
used for analyses (Figure 1). The patient characteristics and comparisons are shown in Table 1. In patients presenting
with trauma, the cause was blunt force trauma in 5 290 (85.6%) cases and penetrating trauma in 815 (13.2%) cases,
while the remaining 73 (1.2%) had another trauma modality. The median time from alarm to HEMS contact was 21

(14/33) minutes.

The all-cause 1-day mortality was 7.5% and 30-day mortality was 16%. For excluded patients with hemodynamic
parameters registered as unmeasurable or not measured (n=8 892) the 30-day mortality was 81%. The median SI was
0.68 (0.55/0.84) for survivors and 0.67 (0.49/0.93) for non-survivors (P = .316). Survivors were significantly younger
than non-survivors (median 55.8 [36.4/70.0] vs 72.6 [62.8/81.5], P <.001). Mortality by SI for different medical
problems and age categories is shown in Figure 2. The association of SI and mortality showed a U-shaped tendency in
patients presenting with trauma and neurological problems. In the other categories a more linear association could be
seen. Inconsistency in the development of the mortality trend in patients >80 years between SI’s 0.9—1.3 and > 1.3

was observed; however, it was within CI limits and thus no clear correlation could be made. Figure 3 shows the results
from the logistic regression analysis. The results at 30-days showed a similar trend and are presented in Supplement 1.
Older patients were clearly at an increased risk for death, while female gender was only a risk in the OHCA category.

For all categories except for patients with an intoxication, a lower GCS was associated with an increased mortality.

DISCUSSION

Our main finding is that an elevated SI in prehospital critical care is associated with an increased risk of short-term
mortality. The association is different depending on the presenting medical problem. For patients with a neurological

problem or trauma, a low SI seems to be associated with a marked risk of death.

Strengths and limitations

Our study’s strengths include the data’s extent and completeness. The FHDB comprises national data from all the
HEMS operations in Finland, as FinnHEMS is the sole operator. In addition, our study combined the nationwide
population registry data with data from the HEMS operations. The data in both registries can be considered valid. The
study population was limited to prehospital patients presenting with a critical illness who were encountered by HEMS.
As such, the results cannot be generalized to all prehospital patients. In addition, these patients received prehospital
intensive care before hospital admission, and comparison to patients in the emergency room or the intensive care unit
is difficult. The results can be generalized mainly to a mixed urban/suburban/rural HEMS population, in which HEMS

are part of the primary response.
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The hemodynamic parameters obviously affect the treatment received — both pre-hospital and in hospital. Factors
such as the need for vasopressors, fluid resuscitation and underlying chronic conditions and medications were not
taken into account when regarding mortality in this study. Since physiological deterioration is a dynamic process, this

may have a significant effect on the results of the study.

Missing data from one-fifth of the encountered patients confound the results. Patients with missing data had a 30-day
mortality rate of 81%. This remarkably high mortality represents patients with ongoing cardiopulmonary resuscitation
upon HEMS contact or situations that were so dire that measurements were not — or could not — be performed (i.e.,

ongoing extrication).

We also found a number of factors with a statistic significance but with little clinical relevance (i.e. patients who died
had a lower median systolic blood pressure, though still normotensive and that the median SI in survivors and non-
survivors did not differ). It is important to keep the clinical context in mind when performing and interpreting results

from research.
Interpretation

Overall, only a few publications have examined the relationship between prehospital SI and mortality. To the best of
our knowledge, this is the first study reporting the association of SI in the critically ill prehospital patients. The
findings are in line with previous preliminary observations in more focused patient populations. Studies have shown

that an elevated SI can be used to guide the resources (e.g. triage or the use of massive transfusion protocols) of the

receiving hospital.'® Furthermore, Jouffroy et al observed higher mortality in septic patients with an elevated
prehospital SI.'? For patients with a ruptured aortic aneurysm, Noélle et al found that an elevated prehospital SI was

associated with an increased mortality rate and emergency surgery.2°

In our study, trauma patients’ mortality was elevated in the extremes of SI. The same observation of bimodal

distribution has been made in a retrospective study by Odom et al involving of more than 10,000 patients suffering
from trauma.?! Regrettably, our data sources did not allow separation of isolated traumatic brain injury (TBI) from

other causes of trauma during the study period, which would allow for a more profound comparison of our studies.
However, neurological patients with a low SI had a similar increase, suggesting that increased mortality is most likely

a consequence of an expanding intracranial catastrophe (TBI or spontaneous cerebral hemorrhage) and reflects the
Cushing’s triad (hypertension, bradycardia and Cheyne-Stokes breathing).?? The increased risk for death with a

decreased GCS in our study also supports this theory.
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Patients who suffer from OHCA represent one of the largest categories encountered by Finnish HEMS. ! After a

return of spontaneous circulation (ROSC), post-resuscitation syndrome, with the associated cardiovascular distress,

can ensue. Myocardial dysfunction can be a consequence of stunning caused by ischemia and reperfusion and thus a

reversible phenomenon.?? Earlier studies have demonstrated an association between early hypotension and

mortality.2* However, another component of SI, the heart rate, was not addressed in those studies. It must be kept in
mind that patients had achieved ROSC and had been resuscitated as per European Resuscitation Council guidelines
and presumably received epinephrine during resuscitation.2> Epinephrine increases both heart rate and blood pressure

and could confound the result in the extremely early phase.

In our study, in patients who did not suffer from any of the major medical problem categories we observed a gradual
increase in mortality in all age groups with an increase in SI. This category included patients suffering from
cardiovascular and respiratory emergencies and infections, mimicking results from previous studies in hospitalized
patients.!3-20-27 Also, a decreased state of consciousness was associated with an increased mortality rate, clearly

reflecting the clinical situation — if the respiratory distress affects the brain metabolism, death might ensue without

interventions.

Due to the marked overlap of SI in survivors and non-survivors in all of our patient categories, we hypothesized that
the predictive value of SI is limited and should not be used solely in individual patients. Potentially, SI could be more
helpful in describing patient characteristics at the system level, or it could be used as a component used to report

patient findings. Furthermore, the trend of SI as a marker of response for treatment given may be more useful than a

single value.?8 However, this was not addressed by the current study design.

One-day and 30-day mortality rates are simple and robust outcome measures, but future studies could evaluate if
abnormal SI — or changes in SI — predicts the need and use of advanced prehospital interventions. Observing
changes in SI would also allow the inclusion of patients encountered without recordable or recorded hemodynamic
parameters. Moreover, combining the results of clinical judgement and point-of-care analyses, such as ultrasound or

blood gas analysis, with SI could improve SI’s predictive value.

To conclude, SI is associated with short-term mortality in most patient categories encountered by HEMS. However,
due to significant overlapping SI in survivors and non-survivors, the value of SI in identifying the most critically ill
patients or guiding treatment may be limited. The association between SI and short-term mortality is varies in

different patient categories, which further decreases the value of SI as general tool to identify increased risk of death.
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Table 1. Characteristics of patients at 1-day and 30-day follow-up. Data are presented as n (%) mean (+SD) or median

(1%t quartile/3™ quartile).

Figure 1. Flowchart of the patient selection.

Note: FHDB, FinnHEMS database, BP, blood pressure.

Figure 2. Mortality (%), with their corresponding 95% CI, in different age categories per SI- and age-groups and
medical problem for 1- and 30-days.

Figure 3 Odds ratio (95% CI) for one-day mortality for different medical problems for HEMS dispatch. Note the
different scales on the x-axes. SI = Shock Index, GCS = Glasgow Coma Scale, OHCA = Out-of-hospital cardiac
arrest, OR = Qdds ratio, CI = Confidence interval

Supplement 1. Logistic regression analysis of factors associated with SI and mortality at 1- and 30-days. Numbers are

presented as n (%) or Odds Ratio (95% confidence interval). SI = Shock Index, GCS = Glasgow Coma Scale, OHCA
= Out-of-Hospital Cardiac Arrest
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Table 1. Characteristics of patients at 1-day and 30-day follow-up. Data are presented as n (%) mean (+SD) or median (1% quartile/3 quartile).

Age, years
18-64
65-79
>80
Sex, male
Heart rate, 1/min
Systolic blood pressure, mmHg
Glasgow Coma Scale
Shock Index
Medical Problem
Trauma
Blunt
Penetrating
Other
OHCA
Neurological
Intoxication
Other

All
22 433
59.4 (40.0/72.8)
13 447 (59.9)
5 996 (26.7)
2 990 (13.3)
14 023 (62.5)
93 (£27)
133 (112/155)
13 (6/15)
0.68 (0.54/0.85)

6 180 (27.5)
5290 (85.6)
815 (13.2)
73 (12)
1817 (8.0)
5 523 (24.6)
2745 (12.2)
6 168 (27.5)

Note: OHCA, out-of-hospital cardiac arrest

" Mann-Whitney U-test

“ Chi-square

Survivor
20 743 (92.5)
57.9 (384 /71.6)
12 915 (96.2)
5294 (88.5)
2499 (83.6)
13 014 (62.8)
93 (+26)
133 (113 / 155)
14 (71 15)
0.68 (0.54 /0.84)

5892 (95.5)
5041 (955)
782 (96.0)
67 (93.1)
1351 (74.4)
4921 (89.2)
2726 (99.5)
5 818 (94.5)
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1-day

Non-survivor
1690 (7.5)

72.7 (62.5 1 813)

508 (3.8)
690 (11.5)
489 (16.4)
988 (58.6)

90 (+30)
128 (92 / 165)
3@B/7)
0.68 (0.47 /1.00)

275 (4.5)
237 (4.5)
33 (4.0)
5 (6.9)
466 (25.6)
594 (10.8)
15 (0.5)
337 (55)

P value

<0.001"

<0.001"

<0.001"
0.001%
0.029°

<0.001*
0.509'

<0.001"

Survivor
18 847 (84.0)
55.8 (36.4/70.0)
12 354 (92.0)
4 521 (75.6)
1.937. (64.8)
11 883 (63.2)
93 (+26)
132 (114/154)
14 (8/15)
0.68 (0.55/0.84)

5635 (91.4)
4808 (91.1)
762 (93.5)
63 (87.5)
938 (51.6)
4174 (75.7)
2690 (98.1)
5375 (87.3)

30-day
Non-survivor | P value
3586 (16.0)
72.6 (62.8/81.5) = <0.001'
1069 (8.0)
1463 (24.4) | <0.001"
1051 (35.2)
2119 (59.1) | <0.001°
93 (+29) 0.411"
134 (102/168) 0.05"
4 (3/9) <0.001°
0.67 (0.49/0.93) = 0.316'
532 (8.6)
470 (8.9)
53 (6.5)
9 (12.5)
879 (48.4) <0.001"
1341 (24.3)
51 (1.9)
780 (12.7)



* Two-sample t-test
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HEMS dispatches
N=111884

Patient contacts
n =36 715 (100%)

Excluded n=4077(11%)
Age under 18 n=3303(9%)
pulse or BP not measurable n=774(2.1%)

Missing n =10 205 (28%)

Insufficient data from the Population Register Centre

age unknown n =110 (0.3%)
moved abroad n =48 (0.1%)
missing n=1929 (5.2%)

Insufficient data from the FinnHEMS database
pulse or BP missing n=8118(22.1%)

Included in final analyses
n=22433(61%)
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Out-of-hospital cardiac arrest

Trauma

FEl<

€160

- 6'0-L'0

2050

60>

FEl<

Shock Index

- €160

- 6°0-L'0

4060

60>

100+

Ayjeyon

|

€<

€160

- 60-L0

- L0-50

- S°0>

€<

Shock Index

€160

|- 6°0-L°0

- L0550

- G0>

100+

T
o

Aujerion

Intoxication

Neurological

L 1<
o £ 0 0 55 Q0 3
e 52288525
SE L Exu=
- 1050 m, 2 e % > = g %A
3 5] ©
Fs g o090 0 «
x
8
-l 2
n - el<
€160
- €1-6°0
- 6°0-L°0
- 6040
- 2060
L 50> - 400
TR . e
Ayepow £
o]
L o< - el<
- £1-60 - €160
= 60-2'0 Y = 6°0-20
- 2°0-5°0 - 1060
»
. o .
Lso> o L g0>
c
- ) o
o o o
(5] wn -
TTﬁ-men g
S
H €160
- 6°0-L'0
- L1060
- §0>
I T T T 7
=] o Qo o (=]
«© o < ™~
fjepop

Shock Index

aas_13765 f2.tiff

This article is protected by copyright. All rights reserved



Trauma OHCA
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