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Assessing the efficacy of the shock index in predicting
mortality in patients with intracerebral hemorrhage
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ABSTRACT

OBJECTIVE: It has been reported that the shock index assists in the prediction of poor prognosis in stroke patients. How-
ever, the role of this index in predicting mortality and prognosis in patients with intracerebral hemorrhage has not been
sufficiently investigated. The objective is to examine the correlation between the shock index and mortality and unfavorable
clinical outcomes in individuals with intracerebral hemorrhage.

METHODS: 110 consecutive cases of intracerebral hemorrhage were evaluated in the emergency department. The shock
index values of the patients were calculated using their initial blood pressures and HR. For descriptive purposes, the shock
index values were categorized into three groups: <0.50, 0.50-0.70, and >0.70. The relationships of these three values and
the mean shock index with hematoma volume, hematoma rupturing into the ventricle, length of hospital stay, complications
during this period, and in-hospital and three-month mortality were examined.

RESULTS: There were 58 male patients in this study, with a mean age of 62.66+13.64 years. The mean baseline Glasgow
Coma Scale score was 13.78+2.37, and the mean baseline shock index value was 0.51+0.13. The mean time of hospital-
ization was estimated to be 17.01+14.02 days. The mean in-hospital mortality rate was 19%, and the mean three-month
mortality rate was 23%. No statistically significant differences were found in hematoma volume, hematoma rupturing into
the ventricle, length of hospital stay, complications during this period, or in-hospital and three-month mortality according to
the mean shock index value or shock index categories (<0.50, 0.50-0.70, and >0.70).

CONCLUSION: The shock index evaluated in the emergency department in patients with intracerebral hemorrhage is not
related to mortality or morbidity.
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ntracerebral hemorrhage (ICH) constitutes approxi-

mately 10% to 15% of all stroke cases. In comparison
to ischemic stroke, it has a greater risk of morbidity and
mortality [1]. Despite the significant progress made in in-
travenous and endovascular therapies for ischemic stroke,
the efficacy of any medical intervention for patients with
intracerebral hemorrhage (ICH) remains unverified [2].
Several prognostic models are available for predicting
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mortality and functional outcome following ICH (3, 4].
These models often incorporate criteria related to neuro-
logical status, various clinical and laboratory parameters,
or neuroimaging findings. Therefore, while these models
can accurately predict the outcome, practical and reliable
predictors are needed in the emergency department to fa-
cilitate prompt decision-making in acute situations and
provide consistent communication with patients' families.
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The shock index (SI) is defined as the ratio between
heart rate (HR) and systolic blood pressure (SBP) and
has been investigated as a surrogate measure of hemo-
dynamic status that can enhance the prognostic value of

(HR) or SBP alone [5].
SI, the ratio of HR to SBP, has been identified as a

potential indicator of hemodynamic status that can im-
prove the predictive value of HR or SBP alone. The SI
was originally proposed as an indicator of the severity
of hypovolemic shock. It was subsequently shown that
early sepsis was a useful bedside indicator with prog-
nostic importance in community-acquired pneumonia,
pulmonary embolism, trauma, and myocardial infarction
(6-8]. However, there is very limited literature on the
use of the SI in the evaluation of stroke patients [9].

The objective of this study was to investigate the cor-
relation between SI and post-ICH outcomes, which, we
consider, can be promptly and accurately assessed at the
time of presentation and can help predict short- and
long-term prognosis. Therefore, the primary objective
of this study is to examine the relationship between
mortality and shock index. The secondary aim is to in-
vestigate the relationship between SI and poor neuro-
logical outcomes.

MATERIALS AND METHODS

This study is a retrospective, observational cohort study.
The present investigation was carried out in adherence
to the principles outlined in the 1964 Declaration of
Helsinki. Patients over 18 years who were detected to
have ICH on cranial computed tomography (CT) within
the first six hours of their presentation to the emergency
department between November 2022 and January 2023
were included in the study. The study obtained approval
from the Kartal Dr. Lutfi Kirdar City Hospital Clinical
Research Ethics Committee (Decision no: 010.99/25,
date: 28.02.2024). The mean baseline hematoma volume
on cranial CT was calculated according to the ABC/2
formula (1), and whether it ruptured into the ventricle
was noted. Brainstem and posterior system hematoma
volumes were excluded from the study due to the small
volume and number of patients. For patients with re-
maining anterior system hemorrhages, parameters such
as age, sex, comorbidities, antiplatelet treatments used,
baseline Glasgow Coma Scale (GCS) score, length of
hospital stay, in-hospital complications and mortality,
need for surgical treatment, and third-month Modified
Rankin Scale (mRS) scores were recorded.

Highlight key points

e The shock index is a crucial indicator used to assess tissue
perfusion by calculating the ratio of heart rate to systolic
blood pressure.

o Effective prognostic indicators are crucial in the management of
intracerebral hemorrhage due to its high morbidity and death
rates. These indicators are crucial for expeditious decision-mak-
ing and ongoing communication with the relatives of patients.

e The association between shock index and poor outcomes or
mortality has been demonstrated in diseases such as trauma,
septic shock, pneumonia, and myocardial infarction (MI).

e The evaluation of shock index in relation to hemorrhagic
stroke has not been sufficiently conducted.

Patients over the age of 18, regardless of gender, with
a baseline mRS score <2 and diagnosed with intracere-
bral hemorrhage after clinical and radiological imaging
were included in the study. The exclusion criteria of the
study were as follows:

+ Administration of intravenous or oral antihyperten-
sive or antiarthythmic medication while being trans-
ferred to the hospital by the 112 ambulance service

+ Atrial fibrillation at baseline

+ mRS score >3 before ICH

+ ICH caused by trauma

+ ICH caused by vascular malformation
+ Aneurysmal subarachnoid hemorrhage

+ Bleeding due to hemorrhagic transformation after
ischemic stroke

+ Missing data or CT images

+ Decompensated heart failure

+ Severe liver or renal failure

Figure 1 presents the flow chart of the study population.

First described in 1967, the calculation of the baseline
SI was conducted by the division of the HR value obtained
in the emergency department by the systolic blood pressure
(SBP) value (SI=HR/systolic BP (mmHg). The patients
were categorized into three distinct groups: those with a SI
value of less than 0.5, those with a SI value between 0.5 and
0.7 (reference category), and those with a SI value greater
than 0.7 [8]. Values nearing 1.0 indicate a deterioration in
hemodynamic condition and the presence of shock [9].

Outcome

The primary outcome was mortality, and the secondary
outcomes were functional status evaluated by mRS 90
days after ICH and major complications (major cardio-
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TABLE 1. Demographic data and descriptive characteristics
of the patients

nMean+SD n %
Sex
Male 58
Female 33

Baseline SBP 174.63+38.39

Baseline DBP 100.22+25.84

Length of hospital stay (day) 17.01+14.02

Hematoma volume (ml) 12.88+13.47

Comorbidities 63 69.23
Hypertension 46 50.55
Diabetes 17 18.68
Hyperlipidemia 4 4.40
Coronary artery disease 20 21.98
Chronic heart failure 2 2.20
History of stroke 8 8.79
COPD 1 1.10
Chronic renal failure 4 4.40
Malignancy 4 4.40
Dementia 5 5.49
Antiaggregant use 22 24.18
Anticoagulant use 10 10.99

nMean=SD: Numerical mean+standard deviation; SBP: Systolic blood pressure;
DBP: Diastolic blood pressure; COPD: Chronic obstructive pulmonary disease.

vascular events, such as myocardial infarction, cardiogen-
ic shock, pneumonia, and deep vein thrombosis) during
hospital stay.

Statistical Analysis

The data analysis was conducted using SPSS version
v25, a software application developed by IBM Inc. in
Chicago, IL, USA. The normality of the variables was
assessed by analyzing histogram images and conducting
the Kolmogorov-Smirnov test. Mean, standard devia-
tion, median, and minimum-maximum values were used
when presenting descriptive analyses. The chi-square test
was used for 2x2 table comparisons. In the evaluation of
non-parametric variables with a normal distribution be-
tween groups, the Mann-Whitney U test was employed,
while groups with more than two groups were evaluated
with the Kruskal-Wallis test. The Spearman correlation
test was performed to analyze the relationship between
the measurement data. Results were deemed statistically
significant when the p-value was less than 0.05.

. . Excluded patients (n = 13)
Patients with ICH — Missing SBP and HR data at baseline (n = 4)
n=110 Atrial fibrillation (n = 4)
*  Baseline mRS score >2 (n=3)
l *  Other hemorrhage type (n=2)
: ) Excluded patients (n = 6)
Baselm:1 S_I ge; aluated
- Missing three-month follow-up data (n = 6)
Follow-up
n=91

FIGURE 1. Patient flow chart of the study.

ICH: Intracerebral hemorrhage; SBP: Systolic blood pressure; HR: Heart rate;
mRS: Modified Rankin Scale; SI: Shock index.

RESULTS

The study included a total of 91 patients, including 58
men and 33 women. The mean age of the patients was
62.66+13.64 years. The median of admission GCS was
15 (3-15). The mean SI value was 0.51+0.13, and there
were 47 (52%) patients with an SI of <0.5, 35 (39%) with
an SI of 0.5-0.7, and eight (9%) with an SI of >0.7. No
statistically significant differences were found between
the SI groups in terms of age or sex. The mortality rate
during hospital stay was 19% (n=17), and the total mor-
tality rate was 23% (n=21), including four individuals
who died within three months after discharge. In-hospital
complications developed in 29 (32%) patients, of whom
21 (23%) had pneumonia, five (5%) had urinary tract in-
fections, and three (3%) had cardiovascular events. There
were eight (9%) individuals required a surgical operation
during their hospital stays and 13 (14%) had hematoma
rupture into the ventricle. Table 1 summarizes the demo-
graphic data and descriptive characteristics of the patients.

Sex, age, comorbidities, medication use, in-hospital
complications, right-left hemisphere localization, and
hematoma rupture into the ventricle were compared be-
tween the mRS score groups. Accordingly, the mean age
of the patients with an mRS score of 3-6 (65.97+13.45)
was higher than that of those with an mRS score of 0-2
(56.85+12.1) (p<0.001). The rate of patients using med-
ication was higher in the mRS 0-2 group (72.73%) than
in the mRS 3-6 (60.34%) group (p=0.041). The rates of
comorbidities and in-hospital complications (pneumonia,
urinary tract infection, and cardiovascular events) were
higher in the mRS 3-6 group (77.59% and 44.83%, re-
spectively) compared to the mRS 0-2 group (54.55% and
9.09%, respectively) (p=0.022 and p<0.001, respectively).
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TABLE 2. Statistical analysis of demographic data, mortality, and morbidity according to shock index categories

Shock index category

n=47, <0.5 n=35, 0.5-0.7 n=8, >0.7
% % % p

Sex 0.670
Male 65.96 65.71 50.00
Female 34.04 34.29 50.00

Comorbidity 0.883
Absent 29.79 28.57 37.50
Present 70.21 71.43 62.50

Medication use 0.092
Absent 65.96 57.14 87.50
Antiaggregant 29.79 22.86 0.00
Anticoagulant 4.26 20.00 12.50

Hematoma rupture into the ventricle 0.765
Absent 82.98 88.57 87.50
Present 17.02 11.43 12.50

In-hospital mortality 0.317
Absent 80.85 85.71 62.50
Present 19.15 14.29 37.50

Three-month mortality 0.412
Absent 74.47 82.86 62.50
Present 25.53 17.14 37.50

mRS score 0.726
0-2 36.17 40.00 25.00
3-6 63.83 60.00 75.00

In-hospital complications 0.603
None 63.83 71.43 75.00
Pneumonia 25.53 22.86 12.50
Urinary tract infection 6.38 571 0.00
Cardiovascular event 4.26 0.00 12.50

mRS: Modified Rankin Scale.

The mean SI was compared according to sex, comor- DISCUSSION

bidities, medication use, hematoma rupture into the ven-
tricle, in-hospital mortality, three-month mortality, mRS
0-2 and 3-6, and in-hospital complications (pneumo-
nia, urinary tract infection, and cardiovascular events),
and no statistical significance was found (p>0.05).

The patients were divided into three groups according
to their SI values: <0.5, 0.5-0.7, and >0.7. Sex, comor-
bidities, medication use, hematoma volume, hematoma
rupture into the ventricle, in-hospital mortality, three-
-month mortality, mRS 0-2 and 3-6, and in-hospital
complications did not statistically significantly differ be-
tween these groups (p>0.05) (Table 2, 3).

In this study conducted with patients who had ICH, it
was observed that the SI was insufficient to determine
mortality and poor prognosis. Furthermore, no signifi-
cant results were observed concerning in-hospital compli-
cations or mortality evaluated according to SI categories.

Wilson et al. [10] examined a 5-point scoring system
to determine variables associated with in-patient mortal-
ity in patients over 90 years of age. In multivariate analy-

sis, ST was shown to be an independent predictor (Shock
index >1.0, OR 2.65, CI 1.20-5.86, p=0.016). Another
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TABLE 3. statistical analysis of age, baseline GCS score, length of hospital stay and hematoma volumes according to shock
index categories

Shock index category p
<0.5 0.5-0.7 >0.7
Mean+SD Med. (Min—Max) Mean+SD Med. (Min—Max) Mean+SD Med. (Min—Max)

Age 63.66+12.76 65 (36-91) 63.26+13.84 62 (35-89) 53.87+17.18  54.5(27-77)  0.300
Baseline GCS score 15 (5-15) 15 (3-15) 15 (10-15) 0.947
Length of hospital stay 19+14.05 13 (5-68) 15.2+15.26 10 (5-84) 14.63+5.5 14 (8-24) 0.135
Hematoma volume (ml)  14.58+14.66 9.5 (0.6-63.9) 9.9249.89  52(0.5-32.4) 16.96+18.69 8.9 (4.2-58.6)  0.106

GCS: Glasgow Coma Scale, SD: Standard deviation; Med: Median.

study has indicated that individuals over the age of 80
who have acute coronary syndrome are more likely to
have a higher risk of death if they have low blood pres-
sure and a fast heart rate [11]. Older age and comorbidi-
ties that increase with age increase the risk of both hem-
orrhagic and ischemic strokes and negatively affect the
long-term outcomes of these patients [10-13]. At the
third-month follow-up, the mean age of patients with an
mRS score of 3—6 was determined to be higher than that
of those with an mRS score of 0-2 (65.97+13.45 and
56.85+12.1 years, respectively, p<0.001). However, in
our study, no significant relationship was found between

older age and SI.

The SI has been investigated as a possible predictor
of poor outcomes in several situations, including hypo-
volemia, cardiovascular events, community-acquired
pneumonia and sepsis [14—17]. It has previously been
shown to predict adverse outcomes in stroke 5, 6]. Eval-
uating hemorrhagic stroke patients, Pana et al. [7] exam-
ined the relationship between third-day, seventh-day, and
90-day mortality rates between different SI groups and
found no significant difference (p=0.432, p=0.871, and
p=0.522, respectively). The authors also noted that there
were no significant differences between the SI groups in
terms of the need for surgical treatment or in-hospital
complications. In a large study consisting of ischemic and
hemorrhagic stroke cases, SI groups were compared in
relation to in-hospital mortality, three-month mortality,
mRS scores, and in-hospital complications, and no sta-
tistical significance was found. In the same study, in the
evaluation of the prognostic value of clinical outcomes
other than mortality, in-hospital mortality and mRS
score >2 were found to be at higher rates in the group
with an SI value of >0.7 compared to the remaining SI

groups [5]. In the current study, sex, comorbidities, med-
ication use, hematoma rupture into the ventricle, in-hos-
pital mortality, three-month mortality, mRS score, and
in-hospital complications were compared according to
the mean SI value and three SI categories, but no statis-
tical significance was detected. We considered that this
result might be related to the measurements performed
only once and the small number of patients.

The 2022 AHA/ASA guideline references the
INTERACT-2 and ATACH-2 studies, emphasizing the
importance of keeping the target systolic pressure at 140
mmHg for a better prognosis [18—20] Intervention for hy-
pertension or tachycardia during hospitalization and use
of medications with different side effects may affect the
SI value. Therefore, in our study, only the SI value at the
time of admission was discussed to predict mortality [21].
Pana et al. 7] found that high initial, 24®-hour, 48®-hour,
and 72-hour SI values increased the risk of three-month
mortality two to four times. However, the authors did not
provide any information regarding the specific medical
treatments administered, their dosages, or the target range
for blood pressure management in patients presenting
with high blood pressure during the follow-up. Therefore,
this data is open to debate, given that only SBP may be
affected by intravenous antihypertensive treatment, while

HR would also be affected by the use of beta-blockers.

Conclusion

The SI may not be adequate for accurately predicting
the mortality and morbidity in patients with ICH. It is
needed to conduct prospective research including a larger
sample size of patients in order to validate our prelimi-

nary findings.
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