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The use of the shock index to predict hemodynamic collapse in
hypotensive sepsis patients: A cross-sectional analysis

ABSTRACT

Objectives: Septic shock, defined as sepsis with hypotension not responding to fluid resuscitation or requiring vasopressor
support, results in the worst outcomes in sepsis patients. This subtype of the patient is often difficult to detect. The shock
index (Sl) has demonstrated the potential for predicting hemodynamic compromise and collapse and predicting patient
outcomes in multiple medical and surgical settings. In our study, we assessed the utility of the S| as a hemodynamic screening
tool to identify patients likely to fail to respond to fluids and ultimately to be diagnosed with septic shock.

Methodology: A single-center cross-sectional analysis of patients presenting with hypotension and septicemia over 1 year.
The study was conducted using the electronic medical records of the emergency department patients presenting to King Saud
University Medical City. The charts were reviewed from 2 May 2015 to 24 April 2016 using the local medical registry. The
study was approved by the hospital institutional review board (IRB). Data extraction was performed using a standardized form.
Results: The area under the curve was 0.77 (P < 0.001) for the prediction of hemodynamic collapse. An initial SI =0.875
had a sensitivity of 81% and a specificity of 72% for the identification of patients in whom fluid resuscitation would fail.
Conclusions: Based on our findings, we found that the S| was a reliable screening tool for the identification of hypotensive
patients with sepsis who would ultimately be diagnosed with septic shock.
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Introduction

Circulatory shock is defined as a state of decreased perfusion
and oxygenation to distant tissues. There are multiple types
of circulatory shock depending on its underlying cause
(i.e., hypovolemic, cardiogenic, distributive, or obstructive).
Early recognition is one of the most important steps in the
management of circulatory shock and is associated with
improving the resulting mortality rate." Septic shock is the
most common manifestation of shock and severe sepsis
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represents the 10 most common cause of mortality in the
United States.” Screening tools have been developed to
identify patients with sepsis, most notably the systemic
inflammatory response syndrome (SIRS) and quick sequential
organ failure assessment (qSOFA), both of which are used
to screen for sepsis cases but also have prognostic roles."!
Prognostic tools in sepsis have also been developed using
multivariable models, and they are likely to have complex
applicability at the bedside and during initial resuscitation.™
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The shock index (SI) is one of the most commonly used
perfusion indices because it is easily calculated at the
bedside. It is defined as the heart rate (HR) over the systolic
blood pressure (SBP) (SI = HR/SBP), with a normal range from
0.5 to 0.7 bpm/mmHg." The SI has been studied extensively
in acute hypovolemia, hemorrhage, and trauma.

In two prospective observational studies with blood bank
donors, the SI was shown to have better diagnostic value
than traditional vital signs alone in the detection of acute
hypovolemia.l® In a population-based cohort study that was
performed using the “TraumaRegister DGU”, the Sl was shown
to be as good as the base deficit (BD) for the recognition
of hypovolemic shock patients and their hemostatic
resuscitation requirements.” Sepsis and septic shock are
common presentations in emergency departments (EDs).
The morbidity and mortality rates of sepsis are high, with
early recognition and prompt management being crucial to
decreasing these rates.!®!

In severe sepsis and septic shock patients, the SI calculated
2 h after resuscitation can predict mortality. An SI <1 has a
negative predictive value (NPV) of 88% for the improvement
of hemodynamics after volume expansion in septic shock
patients.”*'0l

Sustained elevation of the SI after fluid resuscitation has
been demonstrated to sensitively predict hemodynamic
collapse in patients presenting at the ED with severe sepsis,
as well as organ dysfunction.""! The aim of this study was
to evaluate whether an initial SI/modified SI cutoff can
be used to estimate hemodynamic collapse (vasopressor
requirement) in patients presenting at the ED with
hypotensive septicemia. We also assessed secondary
patient characteristics associated with fluid resuscitation
nonresponsiveness.

Methodology

Study settings and design

The cross-sectional study was conducted using the electronic
medical records of ED patients presenting to King Saud
University Medical City, a local academic hospital with an
annual census of 160000 patients, in Riyadh, Saudi Arabia.
The charts were reviewed from 2 May 2015 to 24 April 2016
using the local medical registry. The study was approved
by the hospital IRB. Data extraction was performed using a
standardized form.

Study population and measurements
Atotal of 69305 patient electronic records were screened and
reviewed. The inclusion criteria were adult patients =15 years

of age who presented to the ED with SBP <100 mmHg
and had a positive blood culture result during their visit.
Hemodynamic collapse was defined as requiring vasopressor
support during the ED stay.

The individual patient characteristics recorded were
age, sex, SBP, initial diastolic blood pressure (DBP), heart
rate (from ED triage vital signs), admission quarter of
the year, and whether vasopressor therapy was initiated
(yes/no). Then, the mean arterial pressure (MAP), SI, and
modified shock index (MSI) were calculated. Microsoft
Office Excel™ was used for the data collection and calculation.

MAP = [(1/3)*SBP] + [(2/3)*DBP)]
SI = HR/SBP
MSI = HR/MAP

Out of the total 69305 patient charts screened,
3929 (5.67%) met the inclusion criteria and had an ED
triage SBP less than or equal to 100 mmHg. Of those,
98 (2.49%) patients had a positive blood culture during the
same visit.

Data analysis

Means and standard deviations are used to describe
continuous covariates and the frequency and percentages are
used for categorical and binary variables. The Chi-squared ()?)
test of independence was used to assess the correlation
between categorically measured factors and the independent
groups. A t-test was used to assess categorically measured
factors for statistically significant differences in the mean
patient SI scores. One-way analysis of variance was also used
to assess the patients’ categorical variables with more than
two groups for statistically significant differences in their
mean Sl scores.

Multivariate logistic binary regression analysis was employed
to assess combined and individual associations of patient
demographics and hemodynamic measures with the odds
of the patient being fluid responsive, with the effect size
expressed as the odds ratio. The area under the curve (AUC)
for the receiver operating characteristic (ROC) curve was
used to assess the overall specificity and sensitivity of the
logistic regression model, and the AUC ROC was employed
to examine the sensitivity and specificity of the SI for
the prediction of the patient’s fluid responsiveness when
analyzed alone. SPSS IMB V.20 was used throughout the
analysis and the alpha significance level was set to 0.05
throughout the analysis.

Saudi Journal of Anesthesia / Volume 14 / Issue 2 / April-June 2020 193



Al Aseri, et al.: Shock index in septic shock

Results

Patient demographics

Descriptive analysis

Table 1. The subjects’ demographic and admission
characteristics are shown. Most of the subjects (51%) were
female. Their mean age was 57.4 (17.9) years. The patients’
admission months were grouped into four quarters of the
year to help account for possible seasonal variations in the
patients’ severity of illness.

Hemodynamic parameter findings

Descriptive analysis

Table 2. The measured mean admission Systolic blood
pressure (SYSBP) for patients upon arrival to the ED was
88.01(12.1) mmHg, the mean DBP for subjects was 52.1 (12.3)
mmHg. The overall calculated MAP was 64.1 (10.9) mmHg.
The mean HR was equal to 95.1 (22.7) beats/min. The mean
calculated SI for all the subjects was 1.11 (0.4) points, with
those patients presenting with an SI >0.87 accounting for
most of the patients (75.5%). This cut off SI value of 0.87 or
more was determined to have the highest sensitivity and

Table 1: Admitted subjects’ demographic and admission
characteristics

Characteristic Frequency Percentage
Sex
Female 50 51
Male 48 49
Age (years), mean (SD) 57.40(17.9)
Age group
15-31 years 12 12.2
31-47 years 14 14.3
48-63 years 38 38.8
>63 years 34 34.7
Admission quarter of the year
First 29 29.6
Second 23 235
Third 23 235
Fourth 23 23.5

specificity for predicting the patient’s lack of responsiveness
to fluid resuscitation. The mean MSI score for subjects was
1.54 (0.51) points.

The percentage of patients who were fluid responsive was
66.3%, with 33.7%, requiring the administration of inotropic/
vasopressor support.

Relationship between patients’ hemodynamic
characteristics and fluid responsiveness

Bivariate analysis

Table 3. The bivariate analysis tested for statistically
significant associations between hemodynamic
characteristics and fluid responsiveness and the results
are shown in Table 3. The mean age (years) was found
to be associated with fluid responsiveness (t = 3.4,
P =0.001), with those responsive to fluid therapy being
younger (mean age 53.2, SD [18.6]) than those who were
nonresponsive to fluid therapy (mean age 65.6, SD [13.7]).
Furthermore, the analysis of the categorized patient age
groups suggested that patients 15-31 years old were the
most likely to be fluid responsive, with patients older

501 m Non-responsive
454 O Responsive

40-
35
30

25+

Percentage

20+

15-31 31-47 48-63 >63

Patient age group (years)

Figure 1: The bivariate association between people’s age groups and their
responsiveness to fluid resuscitation in percentages

Table 2: Admitted subjects’ hemodynamic measurements and characteristics upon admission

Characteristic Mean (SD) Min, Max (Q1, Q3)
Admission systolic blood pressure (SYSBP), mmHg 88.01(12.1) 42,100 (81, 96.3)
Admission diastolic blood pressure (DIASBP), mmHg 52.1(12.3) 25,90 43.8, 60)
Mean arterial blood pressure (MAP), mmHg 64.1(10.9) 31,91 (58, 72)
Pulse rate 95.1(22.7) 30, 158 (80, 108)
Shock index (SI) 1.11(0.4) 0.33, 2.67 (0.9, 1.3)
Shock index (SI)<=0.87 24 (24.5%)
Shock index >0.87 74 (75.5%)
Modified shock index (MSI) 1.54 (0.51) 0.44,3.7 (1.21,1.8)
Vasopressors needed/fluid refractory

Yes, n (%) 33 (33.7%) - -

No, n (%) 65 (66.3%) - -
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Table 3: The bivariate analysis of subjects’ demographic and admission characteristics stratified by fluid resuscitation responsiveness

(n=98)
Characteristic Fluid responsive Test statistic P
No n=33 Yes n=31
Sex
Female 16 (48.5%) 34 (52.3%) £ (1)=0.13 0.721
Male 17 (51.5%) 31 (47.7%)
Age (years), mean (SD) 65.6 (13.7) 53.21(18.6) 196)=3.4 0.001
Age group
15-31 years 0 12 (18.5%) 1 (3)=13.63 0.003
31-47 years 3(9.1%) 11 (16.9%) LR
48-63 years 14 (42.4%) 24 (36.9%)
>63 years 16 (48.5%) 18 (27.7%)
Admission quarter of the year
First 13 (39.4%) 16 (24.6%) 2 (3)=2.81 0.421
Second 6 (18.2%) 17 (26.2%)
Third 8 (24.2%) 15 (23.1%)
Fourth 6 (18.2%) 17 (23.1%)
Admission systolic blood pressure (SYSBP), mmHg 81.73 (15.5) 91.2(8.4) (41.7)=3.3 0.002
Admission diastolic blood pressure (DIASBP), mmHg 48.4 (13) 53.9(11.5) 1(96)=2.2 0.034
Mean arterial blood pressure (MAP), mmHg 59.6 (12.6) 66.4 (9.2) 1(49.9)=2.8 0.008
Pulse rate 99.1 (22.6) 93.1(22.6) 1(96)=1.24 0.217
Shock index (SI) 1.28 (0.5) 1.03 (0.3) 1(41.96)=2.8 0.007
Modified shock index (MSI) 1.77 (0.7) 1.42 (0.4) t(41.4)=2.80 0.008
than 63 years old being the least likely to be responsive 1.0
[Figure 1].
0.8
Both the admission mean SBP and DBP were associated
with fluid responsiveness (t = 3.3, P =0.002 and t = 2.2,
P =0.034), with patients with higher SBP and patients with Z 4
higher DBP more likely to respond to fluids and not require %
vasopressors than those with lower values. As expected, @ 041
the MAP, which is calculated from the SBP and DBP, was
significantly higher (mean 66.4, SD [9.2]) in fluid-responsive 0.2
patients than in nonresponders (M = 59.6, SD [12.6]),
(t = 2.8, P =.008). o , . . ,
0 02 04 06 08 1.0
1-Specificity

The calculated SI values were associated with fluid
responsiveness at admission (t = 2.8, P =0.007), with lower SI
values predicting responsiveness (mean of 1.03, SD[0.3]). The
MSI values were associated with fluid responsiveness, with
lower MSl values predicting responsiveness (t = 2.8, P =0.008).

The patient admission time (quarter of the year) and
admission HR were both found to not be significantly
associated with responsiveness.

Multivariate analysis

Figure 2: Logistic regression analysis was performed, and a
ROC curve was generated to test the overall significance of
the model based on the variables included [Table 4]; that SBP,
DBP, and MAP were excluded due to their relationship with

Figure 2: Multivariate binary logistic regression analysis. The regression
analysis model was statistically significant, x? (5)=24.02, P <0.001, indicating
that at least one of the tested patients predictor variables, or more, had a
statistically significant multivariate association with their odds of responding
to fluid therapy. The AUC-ROC was statistically significant, AUC = 0.77,
P < 0.001, indicating the overall great specificity and sensitivity

the SI. The model was statistically significant (y? (5) = 24.02,
P <.001). The model was determined to be accurate, as
evidenced by the nonsignificant Hosmer—Lemeshow test
result (x? (8) =10.24, P =0.249). The AUC of 0.77 (P <.001)
indicated the model’s very good sensitivity and specificity
for the prediction of patient fluid responsiveness.

The model demonstrated that the SI converged significantly
on the odds of having responded to fluid replacement therapy
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when considering the rest of the predictor variables as
equal (P =0.017). As such, for each additional point increase
in the patients’ measured SI, their odds of responding
to fluid replacement therapy at admission decreased by
((1-0.026) x 100) = 97.4%, suggesting that the higher
the measured SI, the less likely the patient was to be fluid
responsive.

The model similarly demonstrated that patient age
correlated significantly and negatively with the odds of fluid
responsiveness (P =0.018). As the patients’ age increased,
their chances of being fluid responsive decreased by
([1-0.928]x100) = 7.2%.

We also investigated fluid responsiveness while considering
the age group (x-axis) and SI (y-axis) in a dichotomized
fashion, using an SI of 0.875 as the cutoff. Based on the same
logistic model [Figure 3], it was evident that for patients in
the age group =15 and <47 years, the adjusted propensity
for responding to fluid therapy tended to be lower for both
SI cutoff groups; however, the reduction was steeper for
those with SI >0.875 in the age group of 47 years old or less
compared to those whose SI was <0.875 points.

— SI1<=0.8750
--+ S1>0.8750

1.0

0.81

0.61 ‘e

.~
-~
.
~.
.

Mean predicted probability (fluid responsive)

15-31 31-47 48-63 >63
Subject age group (years)

Figure 3: The adjusted association between patient age, Sl above threshold
of 0.87 and the probability of responsiveness to fluid resuscitation among
patients with septic shock

Similar to the bivariate analysis, the multivariate analysis did
not demonstrate significance for the patient’s sex (P =0.427),
HR (P =0.156), or admission time (season) of the year. Notably,
the HR, although not statistically significant, demonstrated
a positive association with being fluid responsive (OR 1.03).

Shock index as an independent factor

The AUC for the SI when analyzed using the ROC curve for
the prediction of the need for vasopressors in septicemic
hypovolemic patients in the ED was not statistically significant
(AUC = 0.66), indicating that the score was not sufficiently
specific or sensitive enough to predict a patient’s need for
vasopressors. A cutoff value of the Sl equal to or above 0.875
was found to provide the highest specificity and sensitivity
when examining the coordinates of the curve (sensitivity
0.81, specificity 0.723) [Figure 4].

Discussion

The SI has been used as a risk stratification tool for detecting
changes in hemodynamic parameters before the onset of
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Figure 4: The AUC for the S| when analyzed using the ROC for specificity and
sensitivity predicting the outcome of vasopressors requirement among shock
patients in the emergency room was not statistically substantial, AUC = 0.66,
denoting the score is not sufficiently specific and sensitive to predict the
patients requirement for vasopressors during hypovolemic shock conditions

Table 4: Multivariate logistic regression analysis explaining the combined and individual associations between patient’s demographic
characteristics and hemodynamic shock index factors and their odds of responding to fluid resuscitation during hemodynamic shock

resuscitation, n=98

Characteristic B SE Wald Adjusted 95% Cl for OR P
odds ratio Lower Upper

Shock index score —3.644 1.529 5.684 0.026 0.001 0.523 0.017
Sex=male —.398 0.501 0.631 0.672 0.252 1.793 0.427
Age (years) —.041 0.017 5.579 0.960 0.928 0.993 0.018
Pulse rate score 0.030 0.021 2.009 1.030 0.989 1.074 0.156
Quarter of the year 0.186 0.219 0.720 1.204 0.784 1.851 0.396
Constant 4122 1.828 5.084 61.673 0.024
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systemic hypotension and cardiorespiratory collapse.'? It
has been extensively researched in the context of trauma.
In a systematic review published in 2014, an Sl score greater
than or equal to 0.9 was the most sensitive cutoff value for
the prediction of critical bleeding in trauma patients. For
prehospital personnel, an SI score =1 was recommended
because of its greater simplicity and higher specificity.
However, lowering the SI threshold to =0.8 increases the
sensitivity for the detection of bleeding and the need for
hemostasis interventions.'>'

The Sl is also predictive of mortality in poly-trauma patients,
with an SI score =0.9 predictive of mortality rates in such
patients. In geriatric trauma patients, an SI score =1 was
associated with higher morbidity and mortality rates and
identified patients who would benefit from a transfer to a
level 1 trauma center. Moreover, an increasing trend in SI
scores was shown to be more reliable at predicting outcomes
in geriatric trauma patients than a single reading.!">'8l

In a prospective study of 9860 trauma patients, the MSI,
which is defined as the HR over the MAP (MSI = HR/MAP),
predicted the mortality rate better than the SI score and
traditional vital signs alone."!

Prehospital Sl scores for trauma patients correlate with
hospital resource usage and mortality rates. An Sl score =1
after a 1 L of crystalloid resuscitation is predictive of the need
for oxygen carrier resuscitation./??'

The efficacy of the SI has also been demonstrated in other
subgroups of patients, including aortic dissection patients.
The Sl and the false/true lumen ratio on computed tomography
angiography were equally good in the assessment of the
transportation risk.??

In gastrointestinal bleeding patients, the preembolization SI
score correlates with extravasation on angiography.!

The SI has been studied in obstetric and gynecological
emergencies. In a study on postpartum hemorrhage patients
who had lost =1500 mL of blood, the SI score correlated with
their outcomes: an SI <0.9 was reassuring, and an SI =1.7
required urgent interventions.”! In another study performed
in Nigeria on the prediction of ruptured ectopic pregnancy,
the SI'was better than traditional vital signs alone. In another
study, the SI was a part of a new predictive scoring system
for ruptured ectopic pregnancy, which had a high NPV and a
high degree of sensitivity.*>2°!

In pulmonary embolism (PE) patients, both the SI and the
simplified pulmonary embolism severity index (sPESI) can

accurately predict the mortality risk. However, the sPESI
is more reliable for the prediction of a lower risk, thereby
identifying patients who can be treated in outpatient settings.
For the prediction of severe PEs, a clinical scoring model
was suggested by Bircan et al.?” which is composed of an
electrocardiogram, the SI, and arterial blood gas analysis, and
adding the SI to the scoring model increased its specificity. In
another study, an SI =0.7 was associated with an increased
mortality rate in PE patients./?”?!

In ST-segment elevation myocardial infarction patients, the
SI correlates with the mortality risk. An SI =0.7 is a predictor
of early mortality and major adverse cardiovascular events.
The MSI was suggested to be more accurate than the SI
for predicting the 7-day mortality rate and major adverse
cardiovascular event rate.%32

In a recently published prospective cohort study, extremes
of the SI in acute stroke patients were predictive of
worse outcomes and a higher early mortality rate, with
the lowest quantile SI predicting the 3-day mortality rate
(odds ratio: 2.45).33

In a cohort of medical ED patients, the triage SI, MSI, and
SIA (SIA=Age (years) X SI) were all equally good and were
superior to blood pressure (BP) alone for the prediction of
the mortality rate in nontrauma level 2 emergency severity
index patients.?4

In community-acquired pneumonia (CAP) patients, the Sl is
able to predict the mortality rate in admitted patients.?
However, adding SI to the well-validated and most commonly
used CAP severity index (CURB-65) by changing the
hemodynamic component of the score from BP to the Sl or
SIA did not improve its predictive value for the mortality
rate. There were no demonstrable differences among the
CURB-65, confusion, urea, respiratory rate, and SI (CURSI)
or CURASI (CURSI with adjusted SI).12637

In inpatient settings, a five-point scoring system “NaURSE”
(Na+, urea, respiratory rate, and SI) was derived to predict
the in-hospital mortality rate for elderly patients.

In terminal cancer patients, an Sl score =1 and a decreased
level of consciousness on admission predicted a mean survival
time of less than 1 week. An SI score of 0.85 or greater
was associated with unplanned intensive care unit transfer
(OR 3.0).138-40l

With regard to postintubation hypotension, a preintubation
SI score =0.9 was found to be predictive of postintubation
hypotension in apparently hemodynamically stable patients.!!
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Although the SI is readily available, easily calculable, and
accurate, it has some limitations (i.e., extremes of age, some
chronic illnesses, and medications). It has been noted that
the normal Sl values differ among age groups and between
sexes, which is rarely considered when it is studied.*?

To the best of our knowledge, this is the first study to assess the
triage Sl as a screening tool for the estimation of hemodynamic
collapse and fluid nonresponsiveness. This study adds to the
literature on the SI in that it tests the accuracy of the SI as
an initial screening tool for the identification of hypotensive
septicemic patients in the ED. This finding differs from those
in other studies in that it is not based on assessments made
after patients had received fluid resuscitation.

Although he SI proved to be linearly nonaccurate as an overall
predictor of the need for vasopressors in our study, when
used with a higher cutoff value of 0.875, it demonstrated a
more robust screening ability. When combined with older
age (>47), it proved even more accurate.

The SI has also shown more promise as a broader screening
tool for all patients presenting to the ED with normal vital
signs®! and as a good prognostic tool comparable to elevated
lactate in the severe sepsis cohort.*

Limitations

This study is limited by the retrospective data extraction
process and a relatively small sample size. Additionally,
patients were selected from a registry that was not
all-inclusive, in which many clinical interventions and
diagnostic data were not available. In addition, the inherent
weakness of the cross-sectional design means that causality
cannot be determined, only associations.

We could not determine whether patients had received
appropriate fluid resuscitation and whether the administration
of fluids adhered to the current guideline recommendation of
30 ml/kg, which may have affected the appropriateness
of vasopressor initiation.*”! Due to the inherent nature
of our database, we were not able to screen for sepsis
(SIRS plus presumed infection or elevated sequential organ
failure assessment score).*>#¢ Rather, we used septicemia
as a surrogate marker, and it is necessary to understand its
limitations in terms of missing septic patients, attaining false
positive blood cultures, with some cultures possibly being
contaminated, and falsely identifying hypotension arising
from another cause."”

The retrospective data extraction was limited by many
factors inherent to the process, including possible errors in
the medical records.

Conclusions

The SI appears to be an accurate screening modality for
assessing hemodynamic collapse in hypotensive septicemic
patients when used with a cutoff value of 0.875, especially
in patients older than 47 years of age in this cohort.
Future studies should focus on validating these findings. In
addition, the SI was tested as a general screening tool for
hemodynamic collapse in all hypotensive patients presenting
to the ED.
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