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ABSTRACT
Objective: To compare the usefulness of shock index (SI) and lactate for prediction of 24-hour and 28-day mortality in acute
heart failure (AHF) patients.
Study Design: A descriptive study.
Place and Duration of the Study: Balikesir University Hospital, Balikesir, Turkey; from February 2019 to August 2020.
Methodology: One hundred and twelve AHF patients presenting to ED were recruited into the study. Usefulness of lactate and
SI in predicting mortality at 24-hour and 28-day, was evaluated.
Results: The area under the curve (AUC) was found to be 0.825 for lactate and 0.818 for SI in predicting 24-hour mortality.
There was signiﬁcant diﬀerence between the diagnostic performances of 2 markers in predicting 24-hour mortality. AUC was
found to be 0.775 for lactate and 0.722 for SI in predicting 28-day mortality. No signiﬁcant diﬀerence was found between the
diagnostic performances of the two markers in predicting 28-day mortality. The 24-hour non-survivor rates were found to be
86.67% in patients with lactate levels >2.57; 76.47% in patients with SI >0.94, and 93.33% in patients with lactate levels >2.57
or SI >0.94. The 28-day non-survivor rates were found to be 64.71% in patients with lactate levels >2.57; 70.59% in patients
with SI >0.82, and 82.35% in patients with lactate levels >2.57 or SI >0.82.
Conclusion: Lactate level and SI of AHF patients calculated in ED triage may be used to predict mortality, and simultaneous
use of both parameters may be more helpful.
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INTRODUCTION
Signs and symptoms of acute heart failure (AHF) may occur
abruptly or develop gradually. The patient needs emergent
intervention in both scenarios, because the condition of the
patient may deteriorate to pulmonary edema and cardiogenic
shock.1 AHF is the leading cause of hospitalisations in the elderly
in the western world. It still has an unacceptable morbidity and
mortality rate despite recent improvements in the medical treatment and mechanical ventilation options. In-hospital mortality
rate is 4-7%; re-hospitalisation rate is 25-30%, and mortality
rate is 7-11% within 3 months of discharge from the hospital.
Hence, AHF causes a huge economic burden by becoming a
public health problem.2 Early detection of low risk patients may
prevent unnecessary hospitalisations and decrease economic
costs.3,4
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Besides, determination of high risk patients is critical for timely
initiation of appropriate treatment and reduction of the
mortality rate.5 Thus, having a simple tool, which can discriminate low-risk patients from those with high-risk, would be
helpful.
Elevated blood lactate level shows tissue hypo-perfusion, which
is a strong prognostic factor. Lactate level is commonly used in
therapeutic algorithms in intensive care medicine.6-8 Peripheral
hypo-perfusion, as a result of lower cardiac output, higher
central venous pressure and vasoconstriction due to increased
sympathetic activity, leads to deterioration of production-clearance balance of lactate in AHF.9
Shock index (SI), which can be calculated at the bedside, had
initially been used to evaluate patients with several clinical
conditions, causing cardiovascular compromise such as hemorrhage and pulmonary embolism.10,11 Although SI may be
aﬀected by the patient’s general clinical condition and the medications he uses, it gives the physician the opportunity to evaluate the patient’s risk status in the Emergency Department.12-14
SI has been used for risk stratiﬁcation in various intensive care
unit settings, and it was shown that elevated levels are independent predictors of mortality, micro-vascular injury, and myocardial damage.10,11,13
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Although lactate and SI had been used in diﬀerent clinical
scenarios, as far as it is seen, they were not tested for their
mortality-predictive potential in AHF patients in Emergency
Department. Thus, it was aimed, in the present study, to evaluate and compare predictive power of SI and lactate measured
in the Emergency Department triage when determining 24hour and 28-day mortality risk in AHF patients. Besides, it was
aimed to evaluate whether simultaneous use of these parameters has a higher predictive potential.

METHODOLOGY
This descriptive study was performed in Balikesir University
Hospital, Balikesir, Turkey. First, the patients who were diagnosed with AHF in the Emergency Department between
February 1, 2019 and August 1, 2020 were determined by carefully checking the medical records of all Emergency Department patients retrospectively. Those patients were recruited
into the study, if they did not have any exclusion criterion. The
ﬁrst exclusion criterion was being below 18 years of age.
Patients presenting with any type of trauma, and those for
whom suﬃcient information regarding the clinical status 24
hours and 28 days after the admission could not be obtained,
were excluded, too. AHF diagnosis was established by the emergency physician and conﬁrmed by the consulting cardiologist.
Those patients in whom cardiologist did not conﬁrm the diagnosis of AHF and the patients who had a history of congestive
heart failure but presented to the Emergency Department for
complaint not related to heart failure, were excluded.
The patients’ blood pressure (BP), pulse rate (PR), and lactate
levels were taken from their medical records. Lactate levels of
ﬁve patients could not be found in the records. It was determined whether the patient survived 24 hours and 28 days after
admission by investigating his or her clinical records in the
hospital ﬁles; or information on E-Nabiz system of the Ministry of
Health, when the hospital records did not have suﬃcient information. E-Nabiz system is a country-wide, web-based system
which includes information about the patient’s diseases,
prescribed medications, results of laboratory tests and imaging
studies; and death information, if the patient died. Survival
status of a patient was evaluated using the information in the
hospital records and E-Nabiz system. If the hospital records
include any information about the death of the patient during
the ﬁrst 24 hours or 28 days after admission to the Emergency
Department, the patient was included in the dead group, otherwise information in the E-Nabiz system was also checked; and
the patient was included in the dead group, if he died in another
hospital or in his home or somewhere else. If neither the hospital
records nor E-Nabiz system include any information about the
death of the patient, the patient was included in the alive group.
The patients, whose survival information could not be reached,
were excluded from the study. SI was calculated as PR divided
by systolic blood pressure (SBP). Blood pressure measurements were performed using GE Carescape V100 Dinamap Vital
Signs Monitor (GE Medical Systems Information Technologies
Inc., Milwaukee, Wisconsin, USA) in the Emergency Department

triage room. Epoc Blood Analysis Epoc Reader (Epocal Inc.,
Ottawa, Canada) device was used for arterial blood gas analyses. The patients’ age, gender, and 24-hour and 28-day
survival status (dead or alive) were recorded. This retrospective
chart review study involving human participants was in accordance with the ethical standards of the Institutional and
National Research Committee and 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. The
Local Ethics Committee approved this study (Decision Date:
August 19, 2020, Decision Number: 2020/141).
Shapiro-Wilk test was used to test the normality of variables.
Continuous variables were presented as mean ± standard deviation for normally distributed variables; otherwise, median
(25th percentile-75th percentile) values were given. Independent samples t-test was performed for comparison of two independent groups, if the data was normally distributed; otherwise, Mann-Whitney’s U-test was used for comparison of two
groups. Categorical variables were expressed by numbers and
percentages. Comparisons between the groups were
performed with Pearson Chi-square test for categorical variables. Receiver operating characteristics (ROC) curve analysis
was performed to evaluate and compare the performances of
diagnostic markers. Signiﬁcance level was taken as α = 0.05.
Statistical analyses were performed with IBM SPSS Statistics
version 22.0 (IBM Corp., Armonk, NY, USA) and MedCalc version
12.3.0.0.

RESULTS
Fifty-four patients (48.21%) were males and 58 patients
(51.79%) were females. Mean age of the patients was found
74.88 ± 9.45 years. Median values of lactate and SI were 1.80
mmol/L (25th percentile-75th percentile: 1.08-3.20) and 0.78
(25th percentile-75th percentile: 0.57-0.97), respectively. Twenty-four-hour and 28-day mortality rates were 15.18% (n=17) and
34.82% (n=39), respectively.
Gender distribution and mean age of the patients were found not
diﬀerential signiﬁcantly between survivors and non-survivors of
the ﬁrst 24-hour-period (p=1.000 and p=0.869, respectively).
The same was also true for 28-day mortality (p=0.605 and
p=0.245, respectively). Lactate and SI values were signiﬁcantly
higher in non-survivors than in survivors for both 24 hours and
28 days (Table I).
ROC curve analyses were performed to evaluate the diagnostic
performances of lactate and SI in predicting 24-hour and 28-day
mortality. Optimal cut-oﬀ values were obtained according to
Youden J index. It was 2.57 mmol/L for lactate and 0.94 for SI.
Corresponding sensitivity and speciﬁcity values were calculated. Sensitivities of lactate and SI were 86.67% and 80.00% for
24-hour outcome, respectively while they were 64.71% and
70.59% for 28-day outcome, respectively. Speciﬁcities of them
were 75.00% and 84.78% for 24-hour outcome, respectively;
they were 80.82% and 75.34% for 28-day outcome, respectively.
The area under the curve (AUC) was found as 0.825 (p<0.001) for
lactate and 0.818 (p<0.001) for SI in predicting 24-hour
mortality.
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Table 1: Comparison of lactate and shock index values in terms of 24-hour and 28-day mortality.
Period
Variable
Survivor
Non-survivor

24-Hours
28-Days

Lactate (mmol / L)*
Shock index*
Lactate (mmol / L)*
Shock index*

1.59 (1.00-2.70)
0.75 (0.56-0.90)
1.46 (0.90-2.47)
0.71±0.21

6.50 (2.93-11.34)
1.11 (0.91-1.41)
3.41 (1.75-7.23)
1.04±0.42

p-value
<0.001
0.001
<0.001
<0.001

Data given as * mean ± standard deviation or *median (25th percentile-75th percentile).

There was not a signiﬁcant diﬀerence between the diagnostic performances of the two markers in predicting 24hour mortality (p=0.928). AUC was found 0.775 (p<0.001)
for lactate and 0.722 (p<0.001) for SI in predicting 28-day
mortality. The diﬀerence between the diagnostic performances of two markers in predicting 28-day mortality was
not signiﬁcant (p=0.404, Figures 1 and 2).

Figure 1: ROC curves of lactate and shock index for 24-hour
mortality.

Lactate and SI were also categorised according to their cutoﬀ values calculated from the ROC curve analysis. The 24hour non-survivor rates were found to be 86.67% (n=13) in
patients with lactate levels, higher than 2.57; 76.47%
(n=13) in patients with SI levels higher than 0.94, and
93.33% (n=14) in patients with lactate levels higher than
2.57 or SI levels higher than 0.94. The 28-day non-survivor
rates were found to be 64.71% (n=22) in patients with
lactate levels higher than 2.57; 71.79% (n=28) in patients
with SI levels higher than 0.82, and 82.35% (n=28) in
patients with lactate levels higher than 2.57 or SI levels
higher than 0.82 (Table II).

DISCUSSION
AHF still has a high mortality rate despite the improvements
in the diagnosis and management. Simple parameters, which
can discriminate the patients with critical clinical situation
from those without such a condition in a crowded Emergency
Department are needed. When those with a critical condition
are determined early, it means they can be given appropriate
treatment earlier.15

Figure 2: ROC curves of lactate and shock index for 28-day mortality.
Table II: Distribution of categorised lactate and shock index values,
according to 24-hour and 28-day outcomes.
24-hour outcome [n (%)]

Variable
Lactate (mmol/L)
Shock index
Lactate and shock index
together

Dead

Alive

13 (86.67)

24 (26.09)

<=2.57

2 (13.33)

68 (73.91)

>0.94

13 (76.47)

18 (18.95)

<=0.94

4 (23.53)

77 (81.05)

>2.57 or >0.94

14 (93.33)

33 (35.87)

1 (6.67)

59 (64.13)

>2.57

Others

28-day outcome [n (%)]

Lactate (mmol/L)
Shock index
Lactate and shock index
together

264

Dead

Alive

>2.57

22 (64.71)

15 (20.55)

<=2.57

12 (35.29)

58 (79.45)

>0.82

28 (71.79)

20 (27.40)

<=0.82

11 (28.11)

53 (72.60)

>2.57 or >0.82

28 (82.35)

33 (45.21)

Others

6 (17.65)

40 (54.80)

There are several studies indicating that lactate levels can be
used to predict mortality in septic shock, post-cardiac arrest
period and multiple trauma victims.6-8 Elevation of lactate
levels, as a result of the deterioration of the balance between
the production and elimination of lactate, may occur in AHF
patients, too.9 Diﬀerent cut-oﬀ values were determined in
diﬀerent studies performed to predict the performance of
lactate in predicting mortality in heart failure patients. Cut-oﬀ
values were determined by authors themselves in some
studies and calculated using statistical tests in other studies.
The studies on this topic have some other methodological
diﬀerences, too. For example, some studies performed ROC
analysis and calculated AUC but others did not. Uyar et al.
evaluated 6-month mortality rates in AHF patients with a cutoﬀ value of 2 mmol/L for lactate, and they did not ﬁnd a
signiﬁcant diﬀerence between the groups.16 Gjestal et al.
found that a 2.5 mmol/L cut-oﬀ value of lactate provides additional prognostic information in mild to moderate heart failure
patients. They saw that 30-day mortality rate was 28% in the
17
group with lactate above 2.5 mmol/L. In the present study,
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28-day mortality rate was found 59.45% when the lactate
level was above cut-oﬀ value of 2.57 mmol/L. Although there
are slight diﬀerences between the cut-oﬀ values of lactate
(2.5 mmol/L vs. 2.57 mmol/L) and periods evaluated (30 days
vs 28 days) in these two studies, the authors think the major
reason of the diﬀerence between the mortality rates was
patient characteristics. The study by Gjestal et al. evaluated
mild to moderate heart failure patients, but all AHF patients
(including those with cardiogenic shock) were recruited into
the present study. Besides, mean age of the patients was
higher in the present study compared to that of the study by
Gjestal et al. (75 years vs. 67 years). Kawasake et al. saw
that elevated arterial lactate levels in heart failure patients
are associated with a worsened mortality rate when there
was no time limit. They found the best cut-oﬀ value of lactate
as 3.2 mmol/L with a sensitivity and speciﬁcity of 60.2% and
74.6%, respectively. And they suggested that an elevated
lactate level may help predict the risk of early death. 18
Desmolin et al. evaluated 30-day mortality risk and found
mean lactate levels 1.14 mmol/L and 1.78 mmol/L in
survivors and non-survivors, respectively. ROC analysis had
shown an AUC of 0.73 in that study.19 In the present study,
which evaluated 28-day mortality rate, mean lactate levels
were found 1.46 mmol/L and 3.41 mmol/L in survivors and
non-survivors, respectively. And ROC analysis showed a
similar AUC (0.77) to that of the study by Desmolin et al.
The mortality-predictive performance of SI was evaluated in
the current study, too. The ﬁrst study investigating the
possible mortality-predictive potential of SI in AHF patients
has been performed by Pourafkari et al. They did not found a
signiﬁcant relationship between SI and neither in-hospital nor
20
long-term mortality. Whereas, El Menyar et al. found, in a
recent cohort study, that a cut-oﬀ value of 0,9 for SI may be
useful in predicting in-hospital and 3-month mortality. 21
However, sensitivity and speciﬁcity in predicting in-hospital
mortality were found to be 49% and 79%, respectively. The
sensitivity was too low to recommend the use of cut-oﬀ value
of 0.9 for prediction of mortality. In the present study, SI was
much reliable in predicting 24-hour and 28-day mortality
when the cut-oﬀ value was 0.94 and 0.82, respectively. A cutoﬀ value of 0.94 resulted in 80% sensitivity and 84.7%
speciﬁcity when predicting 24-hour mortality risk, and a cutoﬀ value of 0.82 has 70.5% sensitivity and 75.3% speciﬁcity
when predicting 28-day mortality risk.
Although both lactate and SI were seen to individually predict
mortality in AHF patients, it was also evaluated, in the
present study, whether simultaneous use of these two parameters provide more reliable predictive power. As far as the
authors could search, there was no study evaluating the
mortality-predictive potential of simultaneous use of lactate
and SI in the English literature. Lactate and SI could predict
86.6% and 76% of deaths occurring during the ﬁrst 24 hours
on themselves, respectively. When predictive potential of
simultaneous use of both parameters was evaluated, it was
seen that they can predict 93.3% of deaths. For the 28-day

mortality, lactate and SI could individually predict 64.7% and
70.5% of deaths, respectively. When their combined use was
evaluated, they could predict 82.3% of deaths. As mentioned
previously, the English literature lacks any previous studies to
compare our results with. It is suggested that using lactate
and SI together may be more helpful when predicting both
24-hour and 28-day mortality risk in AHF patients.

The current study has some limitations. First, it is a retrospective study so the patients’ clinical course could not be
followed and any additional intervening factors in this course
could not be detected. The second one is relatively small
number of subjects, but ﬁles of all possible AHF patients
presenting to the Emergency Department since the opening
of the Emergency Department were investigated (the Emergency Department opened in February 2019, and the
number of Emergency Department admissions is fairly low
since the hospital is nearly 20 kilometers away from the
city), and all patients meeting inclusion criteria and not
having any exclusion criterion were recruited into the study.

CONCLUSION
Lactate and SI calculated during Emergency Department
triage may be helpful individually in predicting 24-hour and
28-day mortality risk in AHF patients. None of these parameters is superior to the other, and physicians may better
consider using these two parameters together to obtain a
more reliable predictive power.
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