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ABSTRACT

Introduction: Advanced age is an independent risk factor for increased mortality in coronavirus disease-2019 (COVID-19). However,
the best method for estimating mortality in elderly patients with COVID-19 is still under debate. We performed this study to assess
the shock index (SI) and the modified shock index (MSI) for the abovementioned problem.

Methods: A retrospective study was conducted including elderly cases (>65 years) confirmed with COVID-19 who admitted to a
tertiary university hospital between March-December 2020. The SI and MSI at the time of the emergency department visits were
used to evaluate the intensive care unit admission, ventilator support, septic shock, and 30-day mortality in all patients. The receiver
operating characteristic and area under the curve (AUC) were used to measure the overall ability of SI and MSI to predict clinical
outcomes.

Results: We recruited 334 consecutive COVID-19 patients with a mean age of 75.2+7.3 and an almost equal gender distribution [170
males (50.9%)]. In deceased and surviving patients, the SI was 0.66+0.16 and 0.6%0.1 (p=0.014), while the MSI was 0.95+0.22 and
1.09£0.34 (p=0.003), respectively. In predicting mortality, the AUC of the SI and MSI were 0.590 [95% confidence interval (Cl): 0.535
t0 0.643] and 0.608 (95% Cl: 0.553 to 0.660), respectively.

Conclusion: Increased SIs and MSIs are associated with 30-day mortality. SI and MSI can benefit the triage of elderly patients
hospitalized for COVID-19. However, it was found that there is no single cut-off value of SI or MSI with optimum accuracy for

predicting COVID-19-related clinical outcomes.
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Introduction

Various risk factors for the clinical worsening of coronavirus disease-2019
(COVID-19) have been identified, including diabetes, hypertension,
cardiovascular disease, and organ failure (1). Additionally, advanced
age and male gender were defined as major non-modifiable risk factors
associated with mortality (2-6). Older adults infected with COVID-19 have
higher morbidity and mortality rates than younger ones. The mortality
rate was higher in the elderly aged 64 years and over (6). Data from China
and Italy show that the mortality rate for patients with COVID-19 is 2.3%,
with more than 50% resulting in death in patients aged 50 years and
older (7). In a study reported in Turkey, the overall mortality rate was
8.5%, while this rate was 14.5% in elderly patients (8).
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The COVID-19 places a significant load on healthcare systems. Therefore,
efforts are underway to develop simple, non-invasive, and reproducible
early warning scores to predict the course of the disease to make
appropriate triage at hospital admission, make different clinical decisions
and encourage the correct use of medical equipment.

Shock index (SI) is a non-invasive, simple, and reproducible dynamic
monitoring method. Allgower and Buri (9) introduced the Sl in 1968 to
measure the grade of hypovolemia in shocks due to hemorrhage and
infections. The Sl is a good predictor of mortality in different infectious
conditions, exemplarily sepsis, and pneumonia (10-14). Additionally, the
modified SI obtained by the ratio of the heart rate (HR) to the mean
arterial pressure is a better indicator of prognosis than the Sl in infectious
diseases (15).
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Several studies have described the association between SI and MSI
and the severity and mortality of COVID-19 (16-21). However, these
reviews exclude a sub-analysis of the elderly patients, and it is still
unclear whether SI and MSI have prognostic value in elderly patients.
Accordingly, we investigated the ability of SI and MSI, to the prediction
of 30-day mortality in elderly patients (aged above 65 years) hospitalized
due to COVID-19. Secondary aims were to expect intensive care unit (ICU)
hospitalization, ventilator support, and septic shock (SS) development.

Methods

This study was conducted at Bezmialem Vakif University, a 600-bed
tertiary medical center located northwest of Turkey. We retrospectively
analyzed elderly patients (age above 65 years) hospitalized due to
COVID-19 between March 11, 2020, and December 31, 2020. According to
the World Health Organization guidelines, between March 11, 2020 and
December 31, 2020, all hospitalized patients aged 65 and over who were
diagnosed with COVID-19 confirmed by positive reverse transcriptase-
polymerase chain reaction and died or were discharged during their
follow-up were included in our study. All patients were admitted to the
emergency department with COVID-19-related symptoms and a positive
reverse transcription polymerase chain reaction (RT-PCR) test. A consent
form was not considered due to the retrospective design. Our study
was approved by the Bezmialem Vakif University Non-Interventional
Research Ethics Committee (approval number: 14/308, date: 25.08.2020).
Patients were excluded in the following conditions: under 65 years of
age, negative RT-PCR results, end-stage liver and kidney failure, lung
cancer, cystic fibrosis, pulmonary tuberculosis, immunosuppressive
therapy, history of transplantation, hospitalization 72 h before symptom
onset, and unavailable data. Additionally, all patients with a critical
clinical presentation (ICU admission, coma, endotracheal intubation,
or receiving vasoactive drug therapy) at the time of hospital admission
were also excluded from the study.

We obtained the patient’s demographics, diagnoses, medical history,
and laboratory and test results from the hospital’s electronic health
records. In addition, we evaluated comorbidities, vital signs (HR, non-
invasive blood pressure, basal body temperature), laboratory results,
ICU admission, ventilator support, SS development, altered mental
status, length of hospital stay, and 30-day mortality. The date of
nasopharyngeal swab collection was defined as the onset of infection.
Altered mental status was accepted as the threshold for all patients
with worsening compared with baseline mental status. Altered mental
status is a general term used to describe various disorders of cognitive
functioning ranging from slight confusion to coma and assessed via the
Glasgow Coma scale. ICU admissions were used to describe patients
who needed intensive care during their follow-up. Ventilator support
refers to patients requiring invasive and non-invasive mechanical
ventilation modalities due to respiratory failure. SS was used to describe
patients with a lactate value greater than two mmol/L in the absence of
hypovolemia and given vasopressors to maintain mean arterial pressure
above 65 mmHg (22). Patients hospitalized for less than 30 days were
called to determine their survival if they were not seen in the outpatient
clinic.
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Initial blood pressure values measured in the emergency department
were used to calculate SI and MSI. The SI was calculated as the HR to
systolic blood pressure (SBP), while MSI was calculated as the ratio of HR
to mean arterial pressure. Since no single cut-off point is specified for
Sl and MSI in COVID-19 patients in the literature, we used the optimal
cut-off values calculated according to the Youden index.

Statistical Analysis

The descriptive statistics of the qualitative variables in the study are
given as numbers and percentages, and the descriptive statistics of
the numerical variables are presented as mean, median, standard
deviation, minimum, and maximum. The pearson chi-square test was
used to compare the qualitative variables in terms of the distribution
of the groups. The conformity of numerical variables to normal
distribution was examined by the Shapiro-Wilk test. The Mann-Whitney
U test was used for the mean comparisons of the groups consisting of
two categories. To evaluate the SI and MSI for ICU admission, ventilator
support, SS development, and 30-day mortality receiver operating
characteristic (ROC) analysis was performed to obtain the area under
the curve (AUC), sensitivity, and specificity. Optimal cut-off points were
obtained according to the Youden index. The statistical significance level
was taken as 0.05. The SPSS Version 26.0 (Statistical Package for Social
Sciences Statistics for Windows, Armonk, NY: IBM Corp) and the MedCalc
statistical software package were used for statistical analysis.

Results

This study was conducted with 334 patients aged 65 and over that
were diagnosed with COVID-19. We recruited 334 consecutive COVID-19
patients with a mean age of 75.2+7.3 and an almost equal gender
distribution [170 males (50.9%)]. Of the 334 patients included in the
study, 115 (34.4%) were admitted to the ICU, 97 (29%) required ventilator
support, 38 (11.4%) patients developed SS, and 83 (24.9%) patients
died within 30 days. Patients who died were significantly older than
surviving patients and were more likely to be male. Of the deceased
and surviving patients, the Sl was 0.7+0.3 and 0.6+0.1 (p=0.044), while
the MSI was 1.1+0.4 and 0.9+0.2 (p=0.022), respectively. The patients’
demographics, clinical features, and severity scores were compared in
Table 1 regarding deceased and surviving cases.

We evaluated SI and MSI to predict 30-day mortality, ICU admission,
ventilator support, and SS development. Therefore, ROC curves were
obtained, and AUC values were calculated. Regarding 30-day mortality,
the optimal cut-off values for SI and MSI were found to be 0.84 and
1.16, respectively. Optimal cut-off values were obtained according to
the Youden index. The sensitivity, specificity, positive predictive, and
negative predictive values obtained based on the optimal cut-off points
of Sl -and MSI for clinical outcomes are summarized in Table 2.

Of the predicting mortality, the AUC of the SI and MSI were 0.590 (95%
Cl: 0.535 to 0.643) and 0.608 (95% Cl: 0.553 to 0.660), respectively. The
AUC and corresponding ROC curves of SI and MSI for 30-day mortality,
ICU admission, ventilator support, and SS development are shown in
Figure 1, 2.
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Table 1. The baseline characteristics data of surviving and deceased patients

All patients, (n=334)
Mean = SD or n, (%)

Age 75.1917.30 74.3317.05
Gender

Female 164 (49.1%) 132 (52.6%)
Male 170 (50.9%) 119 (47.4%)
Comorbidity

HT 217 (65%) 158 (62.9%)
DM 125 (37.4%) 92 (36.7%)
CAD 101 (30.2%) 72 (28.7%)
CHF 95 (28.4%) 66 (26.3%)
COPD 84 (25.0%) 66 (26.3%)
CVA 32 (9.6%) 20 (8.0%)

Survival, (n=251)
Mean = SD or n, (%)

Non-survival, (n=83)

Mean % SD or n, (%) p-value
77.80%7.46 <0.001
0.027
32 (38.6%) .
51 (61.4%) .
59 (71.1%) 0178
33 (39.8%) 0,612
29 (34.9%) 0285
29 (34.9%) g
18 (21.7%) e
12 (14.5%) 0.082

HT: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, CHF: Congestive heart failure, COPD: Chronic obstructive pulmonary disease, CVA: Cerebrovascular accident, n:

Number, SD: Standard deviation, p<0.05

Table 2. Comparison of surviving and deceased patients in terms of vital signs and clinical outcomes within 30 days of hospitalization

All patients, (n=334)

Survival, (n=251)

Mean = SD or n, (%)

Mean = SD or n, (%)

Vital signs

BBT 36.5910.88 36.561+0.86
HR 90.85%18.76 90.51+17.78
SBP 137.81£27.31 140.381+24.65
DBP 72.70+15.00 74.62+£14.10
MBP 94.40£17.32 96.541+15.67
AMS 38 (11.4%) 18 (7.2%)
Septic shock 38 (11.4%) 9 (3.6%)

ICU admission 115 (34.4%) 37 (14.7%)
Ventilator support 97 (29%) 25 (10%)

LOS 9.99+9.52 9.84+10.03
SI 0.68+0.19 0.66%0.16
MSI 0.99+0.26 0.95+0.22

Non-survival, (n=83)

Mean = SD or n, (%) plu
36.6910.94 0.154
91.881+21.55 0.724
130.01+33.08 0.004
66.88+16.19 <0.001
87.92+20.33 <0.001
20 (24.1%) <0.001
29 (34.9%) <0.001
78 (94%) <0.001
72 (86.7%) <0.001
10.4217.82 0.300
0.74%0.25 0.014
1.09+0.34 0.003

BBT: Basal body temperature, HR: Heart rate, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MBP: Mean blood pressure, AMS: Altered mental status, ICU: Intensive care unit,
MV: Mechanical ventilation, LOS: Length of hospital stay, SI: Shock index, MSI: Modified shock index, n: Number, SD: Standard deviation, p<0.05

Discussion

This retrospective study evaluated the association between SI and MSI
with critical clinical outcomes in elderly hospitalized patients with
COVID-19. In our study, the SI and MSI were significantly higher in the
group of deceased COVID-19 patients. Using SI and MSI, which are non-
invasive, reproducible, and very simple to calculate, may be helpful in
the triage of elderly COVID-19 patients. However, no single cut-off value
of the SI and MSI with optimal accuracy for estimating critical clinical
outcomes related to COVID-19 has been found.

COVID-19 has recently emerged as an essential cause of morbidity
and mortality worldwide. As we mentioned, the clinical course is
more severe in elderly patients. Early detection of patients who may
be diagnosed with COVID-19 and need ICU is crucial. In this context,
parameters that can help in clinical practice are still needed. Until

today, only a few studies have analyzed the prognostic significance of
SIand MSI in patients hospitalized due to COVID-19 (16-21). Studies on
using SI and MSI as early warning scores in COVID-19 patients have not
yielded consistent results.

In the study with 364 COVID-19 patients, Ak and Doganay (16) determined
the AUC as 0.755, sensitivity as 63.64%, and specificity as 87.4%, based
on the SI cut-off value of 0.9 to estimate the 30-day mortality. They
concluded that SI could be a valuable tool for estimating mortality and
ICU requirements in adult patients with COVID-19.

van Rensen et al. (17) stated that SI obtained from the emergency
department is unhelpful in detecting clinical deterioration and ICU
admission in COVID-19. In the study by Jouffroy et al. (18), it was
determined that SI in the prehospital setting was not associated with
ICU admission and 30-day mortality in COVID-19.
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Figure 1. Receiver operating characteristic curve for sensitivity, specificity, and area under the curve for 30-day mortality and intensive care unit admission
estimated by shock index and modified shock index
ROC: Receiver operating characteristic, AUC: Area under the curve, ICU: Intensive care unit, SI: Shock index, MSI: Modified shock index, Cl: Confidence interval
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Figure 2. Receiver operating characteristic curve for sensitivity, specificity, and area under the curve for ventilator support and septic shock estimated by shock
index and modified shock index
ROC: Receiver operating characteristic, AUC: Area under the curve, ICU: Intensive care unit, SI: Shock index, MSI: Modified shock index, Cl: Confidence interval
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Aging is related to a high incidence of comorbidities and concomitant
medication use. Blood pressure increases with age, and hypertension
develops in almost 70% of the population over 70 (23,24). The use of
antihypertensive drugs such as beta-blockers can decrease the HR rate
and therefore mask the underlying shock (25). Some structural and
functional changes in circulation occur with aging. So that even in the
absence of these complicating factors, elderly patients may exhibit
abnormal responses. Despite the high specificity, the low sensitivity
of Sl and MSI in our study may be explained by the deterioration of
hemodynamic responses to physiological changes due to advanced age
and high incidence of hypertension (65%).

HR and SBP are mainly vital signs that reflect the hemodynamic status
and subsequent treatment effectiveness. However, HR and SBP can be
within normal limits even in critical conditions. And it may cause delayed
intervention and increased morbidity and mortality (26). Therefore, Sl is
a more sensitive indicator of hemodynamic decompensation. Moreover,
bedside SI and vital sign evaluation may be beneficial in the clinical
decision-making processes.

Study Limitations

As the main limitations, our study was retrospective, single-centered
and had few participants. Since we used data from non-invasive blood
pressure and HR measured at initial admission, we cannot guarantee
that the measured values were obtained under optimal conditions. While
the search for effective treatment regimens continued at the beginning
of the coronavirus pandemic, patients were treated with different
approaches as changes were made in the treatment algorithms. Our
results may be biased, as this study needed to consider which treatment
was effective and which was ineffective. However, new modifications are
also needed to increase the sensitivity of Sl and MSI in predicting COVID-
19-related clinical deterioration. More extensive multicenter studies are
required for this topic.

Conclusion

SI and MSI are valuable tools for predicting the disease behavior of
hospitalized elderly coronavirus patients. Using SI and MSI, which are
non-invasive, reproducible, and very simple to calculate, may be helpful
in the triage of elderly COVID-19 patients.
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