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ABSTRACT

Introduction: Major abdominal emergency
surgery (MAES) patients have a high risk
of mortality and complications. The time-
sensitive nature of MAES necessitates an easily
calculable risk-scoring tool. Shock index (S) is
obtained by dividing heart rate (HR) by systolic
blood pressure (SBP) and provides insight
into a patient’s haemodynamic status. We
aimed to evaluate Sl's usefulness in predicting
postoperative mortality, acute kidney injury
(AKI), requirements for intensive care unit (ICU)
and high-dependency monitoring, and the ICU
length of stay (LOS).

Method: We retrospectively reviewed 212,089
MAES patients from January 2013 to December
2020. The cohort was propensity matched,
and 3960 patients were included. The first HR
and SBP recorded in the anaesthesia chart
were used to calculate SI. Regression models
were used to investigate the association
between S| and outcomes. The relationship
between S| and survival was explored with
Kaplan-Meier curves.

Results: There were significant associations
between S| and mortality at 1 month (odds
ratio [OR] 2.40 [1.67-3.39], P<0.001), 3 months
(OR 2.13 [1.56-2.88], P<0.001), and at 2 years
(OR 1.77 [1.38-2.25], P<0.001). Multivariate
analysis revealed significant relationships
between S| and mortality at 1 month (OR
3.51 [1.20-10.3], P=0.021) and at 3 months
(OR 3.05 [1.07-8.54], P=0.034). Univariate and
multivariate analysis also revealed significant
relationships between S| and AKI (P<0.001),
postoperative ICU admission (P<0.005) and
ICU LOS (P<0.001). SI does not significantly
affect 2-year mortality.

Conclusion: Sl is useful in predicting postopera-
tive mortality at 1 month, 3 months, AKI,
postoperative ICU admission and ICU LOS.
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INTRODUCTION

Major abdominal emergency surgery (MAES) is a complex
and high-risk procedure with a significantly greater risk
of complications and mortality as compared to elective
surgery.”® Mortality rates in MAES can range from 14%
to 20%,%* with current literature quoting rates as high as
45%.°

To objectively assess the perioperative surgical risk,
several scoring and risk-stratification systems have been
developed to guide the perioperative management,
decision and risk of surgery, and postoperative disposition
planning. They include the Physiological and Operative
Severity Score for the Enumeration of Mortality and
Morbidity,® National Surgical Quality Improvement
Programme,” Lee's Revised Cardiac Risk Index and its
variations®’ as well as Combined Assessment of Risk
Encountered in Surgery surgical risk calculator.’®™
Despite their usefulness, these scoring and risk-
stratification systems have limited utility in emergency
settings. Their complexity can lead to difficulties in
calculations, inter-observer variation, and reliance on
biochemical investigations,’ which may delay treatment
and negatively impact patient outcomes. Furthermore,
in emergency situations, there is often insufficient time
to calculate and apply these scores, and they may not
reflect the unique challenges and risks associated with
emergency surgery. Therefore, there is a need for simpler
and more efficient tools to assess surgical risk and guide
perioperative management in emergency settings.

The shock index (SI) is a simple and widely studied
parameter that provides important information about a
patient’s haemodynamic status and tissue perfusion.
It was first introduced in 1967 by Allgéwer and Burri as
a means of measuring the severity of hypovolemia in
haemorrhagic and septic shock. The ratio is calculated
by dividing the heart rate (HR) by systolic blood pressure
(SBP).™ Subsequently, the use of SI has been extended
to patients with other causes of shock, including
cardiogenic and obstructive shock.” By providing
information about the ratio of HR to SBP, the Sl can help
clinicians identify patients who are at risk of developing
shock or other haemodynamic instability. Conventionally,
an Sl index of more than 0.9 is considered to be a marker
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CLINICAL IMPACT

What is New

® The role of shock index (SI) in predicting
mortality in patients undergoing major
abdominal surgery remains unclear. This study
explores the relationship between S| and
postoperative mortality, and other secondary
outcomes like length of ICU stay, incidence of
AKI, and admissions to the ICU and
high-dependency wards postoperatively.

Clinical Implications

e The study highlights the important role of Sl in
predicting postoperative mortality, duration of
ICU stay, and incidence of AKI.

e Sl provides a quick and reliable tool for
predicting postoperative mortality at 1 month, 3
months, the incidence of AKI, and the length of
ICU stay. This simple parameter can help guide
future resource allocation and interventions to
reduce the risk of poor outcomes.

of increased risk of adverse outcomes.’ Higher
values of S| have been associated with increased
morbidity and mortality in various clinical settings,
including trauma, sepsis and myocardial infarction.
However, the role of S| in predicting mortality in
patients undergoing major surgery remains unclear.
Therefore, investigating the association between
SI and mortality in this patient population could
potentially provide a valuable tool for predicting
outcomes and improving patient care.

In this study, we aim to investigate the role of
Slin predicting the mortality of patients undergoing
MAES at 1 month, 3 months, and 2 years
postoperatively. Other secondary outcomes of
interest include admissions to the ICU and high-
dependency (HD) wards, postoperative acute
kidney injury (AKIl), and the length of ICU and
hospital stay postoperatively.

METHOD

Ethics approval was obtained from the SingHealth
Centralised Institutional Review Board (Reference
number 2020/3063) prior to the start of the study.
Written consent was waived. This was a retrospective
study reviewing the electronic medical records of
all the patients who had MAES between January
2013 and December 2020 in Singapore General
Hospital (SGH). In this study, all MAES done were
exploratory laparotomy with either an infected
appendix or gallbladder, or perforated and soiled
abdomen. To avoid complicating the analysis, all
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vascular operations (e.g. aortic) were removed from
the study. There were minimal numbers of traumatic
abdominal salvage operations due to the low
trauma patient load SGH sees yearly.

Patients were included if they were above 21 years
old and had undergone emergency abdominal
surgery labelled as moderate or high risk. The SI
(HR/SBP) was calculated using the first HR and blood
pressure recorded on the anaesthesia chart before
induction of anaesthesia. Invasive blood pressure
was taken preferentially where available. If invasive
blood pressure was not present on the first reading,
the non-invasive blood pressure was recorded.

Clinical records were sourced from our institution'’s
clinical information system (Sunrise Clinical Manager
[SCM], Allscripts, IL, US) and stored in an enterprise
data repository and analytics system (SingHealth-
IHiS Electronic Health Intelligence System). Information
from SCM, including patient demographics; urgency
of operation; and preoperative comorbidities,
such as ischaemic heart disease, congestive heart
disease, cerebrovascular disease and diabetes,
were recorded. The most recent active preoperative
medication lists were extracted. Preoperative
blood tests, including haemoglobin, HbA1C and
creatinine, were recorded. Operative details, including
details of operation, site, duration of surgery, type
of anaesthesia and duration of surgery, were also
obtained.

The length of stays in the hospital, HD ward and
ICU were calculated from the date of surgery to
the end of the respective stays. Readmission data
were obtained similarly from SCM. Data on mortality
date in our clinical information system are synced
with the data from the National Registry of
Diseases Office, ensuring a near-complete all-
cause mortality capture. The cause of death was
not collected. This study is reported in line with the
STROCSS criteria 2019."

Categorisation of groups and adverse event
definitions

The first HR and SBP, which were recorded in the
anaesthesia chart, were extracted. This was taken
to be the preoperative vitals before induction of
anaesthesia, which is in keeping with the local
practice of minimum standard American Society
of Anesthesiologists (ASA) monitoring prior to the
start of the anaesthesia. S| was calculated with the
formula of HR/SBP.

Postoperative acute myocardial injury is defined
by patients who had high-sensitivity troponin-T
done with a value of >65 ng/L™® at any point of
time up to 7 days postoperatively. Postoperative
AKI is defined as KDIGO stage 2 with criteria of
>2 times elevation of creatinine from baseline
within 7 days in the postoperative period.
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Statistical analysis

Missing values for ASA score account for 9.8% are
imputed using the k-nearest neighbour' method
and mode. Other variables, which had >2% missing
values, were also non-essential to the purpose of
the study and were discarded from the analysis.

To investigate the association between S| and
outcomes, both univariable and multivariable linear
regression models were performed. Mean and
standard deviation were presented for continuous
variables, and the Mann-Whitney U test was used
to compare mean differences between groups.
For categorical variables, the proportions between
groups were compared using the chi-square
test. The effect size was reported as an odds ratio
(OR) and its 95% confidence interval (Cl). To account
for multiple comparisons, the Bonferroni correction
was used to adjust for P value in multivariable
regression models. Propensity score matching
(PSM) analysis in a 1:8 ratio was done, and the
cohorts were matched for gender, operative risk and
the presence of end-stage renal failure, as these
variables were found to be significantly different
between both groups on preliminary analysis
(P<0.001). To assess the impact of an Sl of >0.9 on
long-term survival, Kaplan-Meier (KM) curves were
plotted for up to 2 years of survival stratified by
Sl groups.

By utilising a combination of regression models
and survival analysis, this study aims to

Fig. 1. CONSORT diagram for patient recruitment.

comprehensively investigate the association
between S| and outcomes in patients undergoing
MAES.

Analysis, statistical computing and visualisation
were carried out with R environment version 4.0.5.
The KM curve was plotted using scikit-survival
package on Python 3.6.0.

RESULTS

Demographics and clinical characteristics

A total of 212,089 patients who underwent MAES
between January 2013 and December 2020 were
recruited. The exclusion criteria include the low-risk
nature of the operation, non-emergent abdominal
surgeries, and not satisfying the age criteria of being
older than 21 years old. After applying the inclusion
and exclusion criteria, the study was completed
with 4190 patients with 205,192 patients excluded
(Fig. 1). Patient demographics and clinical
characteristics were stratified by their SI and
compared (Table 1A). Of the included patients,
89.5% (3751) had an S| of <0.9, whereas 10.5%
(439) had an S| of >0.9. PSM was employed to
ensure comparability between groups by matching
patients based on gender, operative risk and renal
disease. Following the matching process, the final
cohort comprised 3960 patients, with 3521 patients
exhibiting an S| of <0.9, whereas 439 patients had
an Sl of >0.9. Patients with an SI of >0.9 had a
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mean Sl of 1.09 as compared to patients with an Sl
of <0.9 who had a mean of 0.62. Patients with an
Sl of <0.9 had a higher mean age of 56.66 + 18.23
years compared to those with an Sl of >0.9 (52.80 +
19.15 years). There were more males in the SI<0.9
group (51%) than in the SI>0.9 group (48%). Chinese
patients constituted the majority of both groups,
with 72% and 66% in the SI<0.9 and SI>0.9 groups,
respectively.

Patients with a higher SI were found to have
significantly elevated cardiac risk index (P=0.002)
and ASA physical status (P<0.001); and a greater
proportion of them have end-stage renal failure
(P=0.008), indicating a greater comorbidity burden.
Table 1A shows a summary of patient characteristics.
Intraoperative parameters and postoperative
complications can be found in Tables 1B and 1C,
respectively.

The group with an Slof >0.9 had a greater proportion
of patients on long-term steroids (P<0.001) and
a smaller proportion of patients on angiotensin-
converting enzyme inhibitors (P=0.008). However,
there was no significant difference in the use of
bisoprolol and statins between the two groups.
Patients with an Sl of >0.9 had long ICU and HD stays
and were more likely to experience AKI compared to
those with an Sl of <0.9 (Table 1C).

Outcomes

Notably, patients in the SI>0.9 group were found
to have significantly higher mortality at 1 month
(OR 2.40, 95% CI 1.67-3.39, P<0.001), 3 months
(OR 2.13, 95% Cl 1.56-2.88, P<0.001), and at 2
years postoperatively (OR 1.77, 95% ClI 1.38-2.25,
P<0.001) (Table 2 and Fig. 2). After adjusting for
variables, patients with an SI of >0.9 remained
significantly associated with higher mortality at
1 month (OR 3.51, 95% CI 1.20-10.3, P=0.021)
and 3 months postoperatively (OR 3.05, 95%
Cl 1.07-8.54, P=0.034) (Table 2). However, SI
was not found to be significantly associated with
2-year mortality (Table 2). There was a significant
difference in survival probability between the two
groups (P<0.001) (Fig. 3). Overall, these findings
suggest that the Sl is a valuable predictor of short-
term mortality and adverse outcomes in patients
undergoing MAES. Fig. 4 depicts the violin plots
of postoperative ICU admission between the two
groups.

DISCUSSION

In this study, we analysed the relationship between
SI in MAES and postoperative mortality and
morbidity. SI, defined as the ratio of HR to SBP, is
a simple and easily obtainable parameter that has
been used as a marker of haemodynamic instability
in various clinical settings. Conventionally, SI has
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been used in the setting of emergency departments
for patients who were admitted for trauma,?°?'
haemorrhagic shock,?? and septic shock.?# More
recently, SI has been used as an indicator of
trauma severity,® early acute hypovolemia,?* early
sepsis,?*?* and an outcome predictor of postpartum
haemorrhage.? However, from our literature review,
this is one of the few studies investigating the role
of Sl in predicting mortality outcomes in patients
undergoing MAES.

Our results show that an SI of >0.9 is associated
with increased postoperative mortality, HD
requirements, AKI, and length of hospital and ICU
stays. However, Sl was not found to be significantly
associated with 2-year mortality (Table 2). While
the exact mechanisms underlying the association
between elevated S| and postoperative mortality
are not well understood, it is thought that increased
SI may reflect a combination of decreased
circulating blood volume? and reduced tissue
perfusion, such as the central vena cava oxygen
saturation and lactate concentration.?®?? S| is a
valuable tool, as it is easily calculated and does
not rely on any biochemical investigations. It
allows clinicians to make quick judgements about a
patient’s disease severity and response to fluid
resuscitation. S| also guides further management.
Its utility extends to picking up early signs of
haemodynamic instability, allowing appropriate
escalation and interventions to be made.

In this study, the association between S| and
postoperative ICU admission was found to be
statistically significant (P=0.043) (Table 2). The
decision to admit a patient to the ICU postopera-
tively usually depends on a multitude of different
factors, including surgical success, intraoperative
cardiopulmonary stability, the patient’s past medical
history, and the extent of the operation. Hence, SI
would serve better as a predictor of mortality and
morbidity than for postoperative ICU admission. SI
was also found to be significantly associated with
AKI in this study, which is consistent with other
studies.’*3' Some studies had also extended this
association to lactate concentration.?®3233

The study population included patients who
underwent emergency exploratory laparotomies
due to various conditions, such as an infected
appendix, gallbladder, or perforated and soiled
abdomen. Although the specific type of shock was
not specified for all patients, it was observed that
a majority of them experienced septic shock. It is
important to note that patients with haemorrhagic
shock constituted only a small proportion of the
cohort, as vascular surgeries were excluded from
the study. These findings suggest a potential
correlation between S| and the severity of septic
shock and these adverse outcomes.
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Table 1A. Propensity-matched preoperative patient characteristics, stratified by shock index cut-off at 0.9.

SI<0.9 (n=3512) SI1>0.9 (n=439) P value*
Preoperative parameters
Age 57 18 53+ 19 <0.001
Gender 0.3
Female 1729 (49%) 229 (52%)
Male 1783 (51%) 210 (48%)
Race 0.12
Caucasian 47 (1.3%) 6 (1.4%)
Chinese 2530 (72%) 290 (66%)
Indian 301 (8.6%) 49 (11%)
Malay 289 (8.2%) 42 (9.6%)
Others 345 (9.8%) 52 (12%)
Aspirin, warfarin or anti-platelets in the past 2 weeks >0.9
No 2813 (88%) 334 (87%)
Yes 400 (12%) 49 (13%)
BMI (kg/m?) 244 +52 23.7 5.2 0.052
History of IHD 0.14
No 2994 (90%) 375 (93%)
Yes 316 (9.5%) 29 (7.2%)
History of CHF 0.7
No 3233 (98%) 393 (97%)
Yes 74 (2.2%) 11 (2.7%)
History of CVA 0.11
No 3207 (97%) 385 (95%)
Yes 102 (3.1%) 19 (4.7%)
DM on insulin 0.4
No 3169 (97%) 382 (96%)
Yes 99 (3.0%) 16 (4.0%)
Cardiac risk index 0.002
0 1312 (40%) 123 (31%)
1 1522 (47%) 207 (52%)
2 279 (8.6%) 46 (12%)
3 86 (2.7%) 10 (2.5%)
4 28 (0.9%) 8 (2.0%)
5 13 (0.4%) 2 (0.5%)
ASA score <0.001
ASA 1-2 2359 (67%) 222 (51%)
ASA 3-5 1144 (33%) 217 (49%)
Preoperative haemoglobin (g/dL) 12.79 = 2.35 12.17 = 2.67 <0.001
Preoperative creatinine (mmol/L) 83.36 = 78.18 104.58 = 115.64 <0.001
Preoperative HbATc (%) 7.18 = 1.95 6.68 +1.74 0.088
Duration of operation (mins) 131 + 81 152 + 96 <0.001
Operative risk <0.001
High 217 (6.2%) 50 (11%)
Moderate 3295 (94%) 389 (89%)
DM 0.4
Yes 608 (17%) 83 (19%)
ESRF 0.008
Yes 116 (3.3%) 26 (5.9%)
Use of steroids <0.001
Yes 107 (3.1%) 32 (7.4%)
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Table 1A. Propensity-matched preoperative patient characteristics, stratified by shock index cut-off at 0.9. (Cont’d)

S1<0.9 (n=3512) SI1>0.9 (n=439) P value*
Use of ACEls 0.008
Yes 303 (8.7%) 21 (4.8%)
Use of Bisoprolol 0.3
Yes 240 (6.9%) 36 (8.3%)
Use of statins 0.3
Yes 836 (24%) 94 (22%)

Values are presented as mean + SD or numbers (%). ACEls: angiotensin-converting enzyme inhibitors; ASA: American Society of
Anesthesiologists; BMI: body mass index; CHF: congestive heart failure; CVA: cerebrovascular accident; DM: diabetes mellitus; ESRF:
end-stage renal failure; IHD: ischaemic heart disease, Sl: shock index. *Categorical variables were compared through chi-square test.
Continuous variables were compared using Mann-Whitney. Bold values are significant at P<0.05.

Table 1B. Intraoperative patient characteristics, stratified by shock index cut-off at 0.9.

S1<0.9 (n=3512) SI1>0.9 (n=439) P value*
First intraoperative parameters
DBP (mmHg) 76+ 15 66 =14 <0.001
SBP (mmHg) 136 + 22 107 =18 <0.001
HR (bpm) 8316 115 + 21 <0.001
SI (lopm/mmHg) 0.620.13 1.09 +0.21 <0.001
PP (mmHg) 59 =20 41 =13 <0.001
Values are presented as mean + SD. DBP: diastolic blood pressure; PP: pulse pressure; SBP: systolic blood pressure; Sl: shock index. 453

*Categorical variables were compared using chi-square test. Continuous variables were compared using Mann-Whitney. Bold values are
significant at P<0.05.

Table 1C. Postoperative patient characteristics, stratified by shock index cut-off at 0.9.

S1<0.9 (n=3512) SI1>0.9 (n=439) P value*
Postoperative complications
Transfusion of red blood cells 0.6
Yes 276 £ 21 277 =20
Length of hospital stay (days) 14 +23 23 =34 <0.001
HD and ICU stay 54 + 151 124 + 253 <0.001
Hospital readmission
Yes 14 (100%) 2 (100%)
HD admission postoperatively <0.001
Yes 1571 (45%) 271 (62%)

Values are presented as numbers (%) or mean = SD. AKI: acute kidney injury; HD: high dependency; ICU: intensive care unit; SI: shock
index. *Categorical variables were compared using chi-square test. Continuous variables were compared using Mann-Whitney. Bold values
are significant at P<0.05.

In a clinical setting, S| can be useful for
anaesthesiologists, as it provides a quick indication
of the severity of an illness. This enables
anaesthesiologists to make guided decisions
regarding the preparation of resuscitation
equipment and drugs, method of induction and
intraoperative management. Ahigh Sl preoperatively

can also guide anaesthesiologists to adequately
resuscitate the patient with fluids and vasopressors
in the operating theatre prior to induction.
Additionally, SI can aid anaesthesiologists in
postoperative planning with regard to the need
for an ICU bed for a patient. This will help facilitate
getting an ICU bed early for a patient and avoid
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Table 2. Univariable and multivariable regression analysis for 2-year mortality, 3-month mortality, 1-month mortality, ICU admission
postoperatively, AKI postoperatively, and length of ICU stay (OR [95% ClI]; P value).

SI1>0.9
Univariable Multivariable
OR (95% CI) P value* OR (95% ClI) P valuet
2-year mortality 1.77 (1.38-2.25) <0.001 1.47 (0.96-2.23) 0.072
3-month mortality 2.13(1.56-2.88) <0.001 3.05 (1.07-8.54) 0.034
1-month mortality 2.40 (1.67-3.39) <0.001 3.51(1.20-10.3) 0.021
Postoperative ICU admission 4.36 (3.40-5.57) <0.001 2.72 (1.03-7.25) 0.043
AKI 2.27 (1.80-2.88) <0.001 3.39 (2.35-4.87) <0.001
Length of ICU stay (days) 2.0 (1.6-2.5) <0.001 1.2 (0.70-1.7) <0.001

AKI: acute kidney injury; Cl: confidence interval; ICU: intensive care unit; OR: odds ratio, SI: shock index. *A univariable binary logistic
regression analysis was performed for each variable. TA multivariable binary logistic analysis regression analysis adjusted for shock index,
age, use of aspirin, warfarin or antiplatelets over the past 2 weeks, cardiac risk index, diastolic blood pressure intraoperatively, cardiac risk
index, pulse pressure intraoperatively, American Society of Anesthesiologists physical status, preoperative haemoglobin and creatinine,
duration of operation, diabetes mellitus status, end-stage renal failure status, postoperative ICU admission, AKI, and length of ICU stay
was performed. The multivariable analysis included variables with statistical significance (P<0.05). Bold values are significant at P<0.05.
Variance inflation factor was used to ensure all factors were <5.0 to reduce multicollinearity.

Fig. 2. Violin plot of shock index against mortality at a) 1 month, b) 3 months and c) 2 years.
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3-month Mortality

1
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logistical delays. The benefits of Sl can be extended to
surgeons as well as patients with haemodynamic
instability, and high SI could indicate a higher
likelihood of bowel ischaemia. In such scenarios,
Sl can be one of the many considerations guiding
surgeons, as these patients would have a higher
likelihood of temporary abdominal closure. Future
studies could explore the effect of optimising the
preoperative S| with adequate resuscitation on
postoperative outcomes. Other easily calculable
parameters like the modified SI,** age SI,** and
pulse pressure could also be studied for their
associations with outcomes.

Despite promising results, there were also several
limitations to this study. First, it was a single-centred,
retrospective, observational study, which may
increase the risk of selection bias. Second, the use
of only a single time point for HR and SBP was
used to calculate the SI. These parameters can
change drastically with therapeutic interventions,
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but information on these interventions was not
included. The relationship between mortality and
the average of S| measurements at various time
points can be considered for future studies. Third,
there is a lack of differentiation of SBP readings
based on the measurement device (arterial lines,
non-invasive blood pressure cuff) used. The cause
of death was not collected, which may limit the
interpretation of mortality data.

Opponents of risk-stratification tools may argue
that their utility in emergency settings is limited,
as there may not be ample time to optimise the
high-risk emergency patient for MAES. However,
we resonate with several other authors®**” that
a risk score for emergency surgery patients can
be useful in preoperative counselling, identifying
patients who require closer monitoring, and
benchmarking the quality of the emergency
surgery. It can also help guide providers to better
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Fig. 3. Kaplan-Meier curve for postoperative mortality at 2 years. A significant difference in postoperative mortality at 2 years between
the group with shock index (SI) >0.9 and SI<0.9 was observed (P<0.005). The confidence band represents the 95% ClI.
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Fig. 4. Violin plot of shock index against postoperative ICU admission.
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other similar patients within the study population. allocation and interventions to prevent poor

In conclusion, we found that Sl is a valuable, outcomes.

convenient and reliable predictor of postoperative . .
mortality, HD requirements, the incidence of AKI, Conflict of interest
postoperative ICU admission, and the length of There are no conflicts of interest.
hospital and ICU stays for patients undergoing
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