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Modified reverse shock index predicts early outcomes
of heart failure with reduced ejection fraction
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Abstract

Aims Increased blood pressure (BP) and decreased heart rate (HR) are signs of stabilization in patients admitted for acute
HF. Changes in BP and HR during admission and their correlation with outcomes were assessed in hospitalized patients with
heart failure (HF) with reduced ejection fraction (HFrEF).

Methods A novel modified reverse shock index (mRSlI), defined as the ratio between changes in systolic BP and HR during
admission, was devised, and its prognostic value in the early outcomes of acute HF was assessed using the Korean Acute
HF registry.

Results Among 2697 patients with HFrEF (mean age 65.8 + 14.9 years, 60.6% males), patients with mRSI >1.25 at discharge
were significantly younger and were more likely to have de novo HF. An mRSI >1.25 was associated with a significantly lower
incidence of 60-day and 180-day all-cause mortality [hazard ratio (HR) 0.49, 95% confidence interval (Cl) 0.31-0.77; HR 0.62,
95% Cl 0.45-0.85, respectively], compared with 1 < mRSI < 1.25 (all P < 0.001). Conversely, an mRSI <0.75 was associated
with a significantly higher incidence of 60-day and 180-day all-cause mortality (adjusted HR 2.08, 95% ClI 1.19-3.62; HR
2.24, 95% Cl 1.53-3.27; all P < 0.001). The benefit associated with mRSI >1.25 was consistent in sub-group analyses. The cor-
relation of mRSI and outcomes were also consistent regardless of admission SBP, presence of atrial fibrillation, or use of beta
blockers at discharge.

Conclusions In patients hospitalized for HFrEF, the mRSI was a significant predictor of early outcomes. The mRSI could be
used as a tool to assess patient status and guide physicians in treating patients with HFrEF.
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Introduction ment goal. Abnormal values can be recognized as red flags
for deterioration, whereas improvement can signify patient

Managing blood pressure (BP) and heart rate (HR) are critical  recovery.

factors in treating critically ill patients. These are two critical Patients with acute heart failure (HF) may present in a low

components of what we term as vital signs. They are indica-  perfusion state, accompanied by low BP and tachycardia. For

tors of patients’ disease status, diagnostic value, and treat- patients in shock, circulatory support is warranted with
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inotropes such as dobutamine and dopamine to maintain
tissue perfusion.? During a successful treatment for acute
HF, inotropes are tapered off as the patients’ BP increases,
and signs of shock are recovered. In clinical practice, if the
patient can tolerate guideline-directed medical treatments
(GDMTSs) such as renin—angiotensin system (RAS) inhibitors
and/or beta blockers, they are ready to be discharged.

For HR, the initial response to low perfusion and shock is
tachycardia, which is the intrinsic compensatory mechanism
to maintain cardiac output even in a low stroke volume
state.® As the patient stabilizes, HR returns to normal ranges,
and beta blockers are initiated to improve outcomes. If
intolerant to beta blockers, or if the target HR is not met,
ivabradine may also be used to further control HR.*

Attempts to stabilize these critical vital signs have been
previously accomplished in critically ill patients. Almost half
a century ago, Allgéwer and Buri® first introduced the shock
index (SI), defined as HR divided by systolic BP (SBP), and
showed a simple method to evaluate the degree of
hypovolaemia in shock patients. Increased values of SI have
been correlated with low left ventricular (LV) end-diastolic
pressure and circulatory volume, even when individual SBP
and HR are within the normal limit.>” The reverse shock in-
dex (RSI), the inverse of SI, has also been evaluated in adult
trauma patients.®® However, the SI and RSl are
cross-sectional values and do not reflect the ongoing changes
in patient status during admission. Furthermore, these indi-
ces have not been evaluated in patients with HF.

We hypothesized that the degree of BP and HR improve-
ment at discharge would be associated with early outcomes
in patients with acute HF with reduced ejection fraction
(HFrEF). Using a dedicated acute HF registry, we analysed
the prognostic effect of the ratio between changes in SBP
and HR during admission and mortality up to 6 months.

Methods
Study population

The Korean Acute Heart Failure (KorAHF) registry is a pro-
spective, multicentre study designed to assess the clinical
features and outcomes of acute HF in Korea. A total of
5625 patients hospitalized for acute HF in 10 nationwide cen-
tres between March 2011 and February 2014 were enrolled
and followed up until February 2019. Details on its design
and results have been previously published.’®™*? Accurate
data on mortality was acquired using information from the
National Health Insurance Service or government-reported
death records. All enrolled patients were referred to a cardi-
ologist specializing in HF management, and optimal medical
and device therapy according to current guidelines were en-
couraged at the discretion of the treating physician. Clinical

events were monitored and verified by a separate committee
composed of independent experts who had not participated
in patient enrolment.® Among enrolled patients, those with
LV ejection fraction (LVEF) < 40% were included in the cur-
rent analysis. The study protocol required the investigators
to record BP and HR values at admission and at discharge.
The study was conducted in accordance with the Declaration
of Helsinki. All study protocols were reviewed and approved
by the institutional review board of each participating hospi-
tal and registered with ClinicalTrials.gov (NCT01389843).

Modified reverse shock index

We defined a novel modified reverse shock index (mRSI) as
the ratio between SBP and HR changes from admission to
discharge:

mRSI = (SBPdischarge/SBPadmission)/(HRdischarge/HRadmission)

For example, patients initially in shock and discharged with
increased BP and decreased HR would have an mRSI >1,
whereas those with decreased BP and increased HR would
have an mRSI <1.

BP and HR measurements were performed using standard
certified sphygmomanometers, and the first recorded values
were used for the analysis. However, if SBP was >180 or
<90 mmHg or HR was >160 or <60 beats/min, values were
re-measured after 5 min of rest, and average values were re-
corded. For patients with atrial fibrillation, the average of two
BP and HR measurements acquired at 5-min intervals were
recorded.

Outcomes

Patients were enrolled at admission, and those with valid SBP
and HR values at both admission and discharge were included
in the analysis (Figure SI). The mRSI was calculated, and pa-
tients were grouped into mRSI > 1.25, 1 < mRSI < 1.25,
0.75 < mRSI < 1, and mRSI < 0.75 categories. The primary
outcome of all-cause mortality was assessed at 60 and
180 days after discharge, and the secondary composite out-
come of mortality and HF re-admissions was assessed. Out-
comes were compared in each group, with 1 < mRSI < 1.25
as the reference. Additionally, the traditional RSI was calcu-
lated in patients with valid SBP and HR values at admission,
and its association with in-hospital outcomes was analysed.

Statistical analyses

Continuous variables are expressed as mean + standard devi-
ation, and categorical variables are presented as numbers
and percentages. We used the t-test for continuous variables
and the chi-squared test for categorical variables to analyse
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differences in clinical characteristics according to mRSI levels.
Cox proportional hazards regression and Kaplan—Meier
curves adjusted for age, sex, baseline SBP, baseline HR, body
mass index, aetiology of HF (ischaemic vs. non-ischaemic), hy-
pertension, serum creatinine (as a continuous variable), atrial
fibrillation, and use of angiotensin-converting enzyme inhibi-
tors or angiotensin receptor blockers and beta blockers were
used to estimate the associations between mRSI and risk of
all-cause mortality. Cubic spline regression models were used
to assess the non-proportional association between SBP, HR,
and mRSI. Additionally, we stratified the findings by age, sex,
presence of diabetes, use of GDMTs, atrial fibrillation, and
SBP at discharge (<110 and >110 mmHg).

All statistical analyses were performed using the Statistical
Analysis System (SAS) Version 9.4 (SAS Institute Inc., Cary, NC,
USA). Spline regression and Kaplan—Meier plots were drawn
using R Version 4.0.3 (http://cran.r-project.org/bin/win-
dows/base/old/4.0.3/).

Patient and public involvement

Participants were not involved in determining the research
guestion or outcome measures, nor were they involved in
recruitment, design, or implementation of the study. Partici-
pants were not asked for advice on the interpretation of
results.

Results
Patient characteristics

From 5625 patients with acute HF enrolled in the KorAHF reg-
istry, 2854 patients presented with LVEF <40%, and 2697 pa-
tients had both BP and HR values at admission and discharge.
During the 4-year median follow-up (range, 0-7 years), there
were 1292 (47.9%) deaths and 953 (35.3%) re-admissions for
HF. The mean age of the patients was 65.8 + 14.9 years, and
1635 (60.6%) were males. Patients were divided into Groups
I-1IV according to predefined mRSI values (mRSI >1.25 for
Group I, 1 < mRSI < 1.25 for Group Il, 0.75 < mRSI < 1 for
Group Ill, and mRSI <0.75 for Group V). Patients in Group |
were significantly younger, had a higher prevalence of atrial
fibrillation, and had an increased proportion of de novo HF.
In Group |, intravenous inotropes were used more frequently,
and an increased proportion of patients were prescribed min-
eralocorticoid antagonists at discharge. In contrast, prescrip-
tion of RAS inhibitors was numerically lower than the other
groups. Detailed information on patient characteristics
according to mRSl is presented in Table 1.

BP at admission was significantly lower in Group | than
those in Groups II-IV, whereas baseline HR was significantly
higher in Group | than those in Groups II-IV. For the whole

study population, the mean SBP and HR at admission and
discharge were 129.1 and 112.8 mmHg and 95.5 and 77.4
beats/min, respectively. Changes in BP and HR are summa-
rized in Table 1. Although mean SBP decreased from admis-
sion to discharge in all groups, the proportion of patients with
an increase in SBP was higher in Group | (354/761, 46.5%)
compared with Group IV (17/270, 6.3%). The proportion of
patients with an increase in SBP during the admission period
are shown in Table S1.

mRSI and outcomes

An mRSI >1.25 was associated with a significantly lower risk
of the primary outcome of all-cause mortality at 60 and
180 days after discharge compared with 1 < mRSI < 1.25 [ad-
justed hazard ratio (HR) 0.49, 95% confidence interval (Cl)
0.31-0.77; adjusted HR 0.62, 95% Cl 0.45-0.85, respectively;
all P < 0.001]. In contrast, an mRSI <0.75 correlated with a
significantly higher incidence of the primary outcome at
60 and 180 days after discharge, compared with
1 < mRSI < 1.25 (adjusted HR 2.08, 95% ClI 1.19-3.62; ad-
justed HR 2.24, 95% Cl 1.53-3.27; all P < 0.001). Cubic spline
curves drawn to assess the non-proportional effect of mRSI
showed a curvilinear association with all-cause mortality
(Figure 1A). Kaplan—Meier curves for 180-day mortality ac-
cording to the mRSI groups are presented in Figure 1B.

For the composite outcome of mortality and HF re-admis-
sions, patients with an mRSI >1.25 showed a significantly
lower incidence of events compared with those with
1 < mRSI < 1.25. The risk of events for patients with mRSI
<0.75 was significantly increased at 180 days, but not at
60 days after discharge. Results of the multivariate Cox re-
gression analyses for all-cause mortality and composite out-
comes are presented in Tables 2 and S2.

Sub-group analysis

Associations of mRSI values with outcomes according to var-
ious sub-groups were assessed. Where mRSI >1.25 was
associated with a significantly lower rate of events in men
(adjusted HR 0.52, 95% Cl 0.35-0.78). Association between
mRSI and outcomes was also more obvious in patients aged
>70 years (adjusted HR 0.63, 95% Cl 0.43-0.92) and in
patients without DM (adjusted HR 0.56, 95% CI 0.36-0.87).
There was no difference in events according to admission
SBP, presence of atrial fibrillation, or use of beta blockers at
discharge (Figure 2).

The association between mRSI and outcomes was also
analysed according to medications at discharge. Although
an mRSI >1.25 was not associated with a significant improve-
ment in outcomes for patients not prescribed with any
GDMTs (adjusted HR 0.56, 95% Cl 0.26—1.24), the interaction
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Table 1 Baseline characteristics, drug management, changes in BP and HR from admission to discharge according to mRSI among
patients in the KorAHF-based cohort study

mRSI >1.25 1 <mRSI <1.25 0.75 <mRSI <1 mRSI <0.75
Variables (N =761) (I) (N = 833) (Il) (N = 833) (Iln) (N = 270) (IV) P value®
Baseline characteristics
Mean = SD Mean + SD Mean + SD Mean + SD
Age (years; 64.3 = 16.1 65.7 = 14.4 67.3 = 14.2 65.8 = 14.8 <0.001
BMI (kg/m?) 23.2 = 3.7 23.2 4.1 23.1 = 3.7 23.2 =41 0.940
LVEF, % 26.0 = 8.0 26.8 + 8.0 27.2 £ 8.3 27.8 =+ 8.1 0.005
BUN, mg/dL 26.7 £ 17.0 26.6 = 15.8 25.5 = 15.1 26.6 = 18.1 0.409
Creatinine, mg/dL 1.5+1.7 1.5+ 1.6 1.4 +1.2 1.5+ 1.7 0.380
N (%) N (%) N (%) N (%)
Sex (male) 451 (59.3) 529 (63.5) 503 (60.4) 152 (56.3) 0.125
Hypertension 418 (54.9) 482 (57.9) 508 (61.0) 162 (60.0) 0.094
Diabetes mellitus 301 (39.6) 351 (42.1) 348 (41.8) 93 (34.4) 0.118
Atrial fibrillation 207 (27.2) 200 (24.0) 163 (19.6) 74 (27.4) 0.002
Chronic kidney disease 105 (13.8) 121 (14.5) 127 (15.3) 34 (12.6) 0.698
Cerebrovascular disease 104 (13.7) 109 (13.1) 124 (14.9) 38 (14.1) 0.762
Previous heart failure 320 (42.1) 269 (44.3) 392 (47.1) 138 (51.1) 0.040
NYHA Classes Ill and IV 669 (87.9) 702 (84.3) 711 (85.4) 237 (87.8) 0.147
Drugs
N (%) N (%) N (%) N (%)
During admission
Parenteral diuretics 717 (94.2) 783 (94.0) 791 (95.0) 259 (95.9) 0.590
Parenteral inotropes 280 (36.8) 249 (29.9) 255 (30.6) 90 (33.3) 0.052
Parenteral vasodilators 396 (52.0) 466 (55.9) 479 (57.7) 158 (58.5) 0.094
At discharge
RAS inhibitors 575 (75.6) 636 (76.4) 657 (78.9) 207 (76.7) 0.433
Beta blockers 449 (59.0) 490 (58.8) 484 (58.1) 146 (54.1) 0.527
Aldosterone antagonists 417 (54.8) 448 (53.8) 446 (53.5) 119 (44.1) 0.019
BP and HR
Mean = SD Mean + SD Mean + SD Mean =+ SD
At admission
SBP, mmHg 117.4 = 26.6 128.4 = 28.2 135.9 £ 29.2 142.7 = 30.1 <0.001
DBP, mmHg 76.2 = 18.0 79.7 £ 18.5 81.9 = 18.7 85.6 = 21.0 <0.001
Heart rate, beats/minute 112.8 = 25.9 95.7 = 19.6 86.9 + 19.2 72.4 £ 19.8 <0.001
At discharge
SBP, mmHg 116.7 £ 17.5 113.7 = 17.7 110.4 £ 15.3 106.6 = 15.6 <0.001
DBP, mmHg 68.4 +11.9 67.7 £ 11.4 66.3 + 10.8 66.2 = 11.0 <0.001
Heart rate, beats/minute 71.7 =121 77.1 =134 80.0 £ 13.6 85.9 + 15.6 <0.001
Change from baseline
SBP, mmHg —-0.7 £ 241 —14.7 = 22.5 —25.6 = 24.6 —36.2 = 26.6 <0.001
DBP, mmHg —-7.8 +18.9 —-12.0+17.2 —-15.6 =+ 18.4 —-19.4 = 21.8 <0.001
Heart rate, beats/minute —-41.1 = 25.0 -18.7 = 16.7 —6.9 = 15.7 13.5 £ 19.2 <0.001
Percentage change from baseline
SBP, mmHg 29+ 223 -9.1 = 15.6 —-16.5 + 14.4 —-23.0 £ 15.6 <0.001
DBP, mmHg —-6.0 = 25.6 —11.8 = 20.1 —15.8 = 20.0 —18.2 + 24.4 <0.001
Heart rate, beats/minute —33.8 = 15.6 -17.7 = 14.7 -55=*16.7 25.0 = 34.0 <0.001

BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; DBP, diastolic blood pressure; HF, heart failure; HR, heart rate;
KorAHF, Korean Acute Heart Failure registry; LVEF, left ventricular ejection fraction; mRSI, modified reverse shock index; NYHA, New York

Heart Association; RAS, renin—angiotensin system; SBP, systolic blood pressure.
°P values in ANOVA for continuous variables and chi-squared test for categorical variables.

P value was not significant (Figure 3). Subgroup analyses of
mRSI and outcomes are presented in Table S3.

Cross-sectional RSI at admission and in-hospital
outcomes

Among 2697 patients with valid SBP and HR values at admis-
sion, traditional RSI was calculated, and its association with
in-hospital outcomes was evaluated. Admission RSI, defined
as the ratio of SBP to HR, was not a significant predictor of
in-hospital mortality in the Cox regression analysis after

adjusting for pre-defined variables. The spline curve for
in-hospital outcomes according to RSI on admission is shown
in Figure S2.

Discussion

In our registry of hospitalized patients with acute HF and LV
dysfunction, mRSI at discharge, a ratio between BP and HR
changes during admission, was associated with favourable
early and long-term outcomes of all-cause mortality and HF
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Figure 1 (A) Spline curve and (B) Kaplan—Meier curve for primary outcome at 6 months according to the modified reverse shock index (mRSI). Patients
with mRSI >1.25 were associated with a lower risk of the primary outcome. Cl, confidence interval; HR, hazard ratio; mRSI, modified reverse shock

index.
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Table 2 Risk for all-cause mortality according to mRSI among patients in the KorAHF-based cohort study

All-cause mortality Person-years Events (%) HR (95% CI)? HR (95% CI)° P value®
60 days <0.001
mRSI >1.25 122.6 37 (4.9) 0.48 (0.31-0.77) 0.47 (0.30-0.76)
1<mRSI < 1.25 134.4 57 (6.8) 1.00 1.00
0.75<mRSI < 1 134.3 61 (7.3) 1.29 (0.89-1.88) 1.37 (0.94-2.00)
mRSI <0.75 43.3 21(7.8) 1.96 (1.13-3.39) 2.05 (1.17-3.56)
180 days <0.001
mRSI >1.25 346.6 87 (11.4) 0.62 (0.45-0.85) 0.61 (0.44-0.84)
1<mRSI < 1.25 375.7 110 (13.2) 1.00 1.00
0.75<mRSI < 1 375.3 109 (13.1) 1.15(0.88-1.51) 1.20 (0.91-1.58)
mRSI <0.75 121.6 47 (17.4) 2.10 (1.44-3.05) 2.20 (1.51-3.22)

Cl, confidence interval; HR, hazard ratio; KorAHF, Korean Acute Heart Failure registry; mRSI, modified reverse shock index.

°*Adjusted for age, sex, and baseline SBP and HR.

*Adjusted for age, sex, and baseline SBP and HR, body mass index, heart failure aetiology (ischaemic vs. non-ischaemic), serum creatinine,
left ventricular ejection fraction, atrial fibrillation, use of ACEi/ARB, and use of beta blockers.

‘P trend in Cox proportional hazards models.

re-admissions. An mRSI value >1.25 was associated with a
lower rate of the composite outcome of mortality and read-
missions at 60 and 180 days after discharge. To the best of
our knowledge, this is the first study to utilize complex
changes in BP and HR during the admission period in patients
with acute HF.

Increased HR has been associated with poor outcomes in
all cardiovascular diseases, especially HF.*® Lowering HR has
been a target for HF treatment for a long time, with medica-
tions such as beta blockers and ivabradine. However, al-
though it is a critical component in assessing patient status,
BP has been overlooked in patients with HF. Patients with
acute HF present with low perfusion and often low BP. As
these patients are stabilized with medical treatment, an in-
crease in BP is observed. Nevertheless, there is no consen-
sus on the optimal targets for BP. Some studies have sug-
gested a J-curve phenomenon, reporting that an

excessively low BP was associated with poor outcomes.***

However, these findings have mostly been derived from ob-
servational studies and cannot exclude the contribution of
reverse causality.'®

Using readily available BP and HR values, we were able to
define a novel mRSI and show its association with early and
long-term outcomes. A patient with an increase of 10% in
SBP and a 10% decrease in HR during the admission period
had an mRSI of approximately 1.22. Thus, a cut-off value of
0.75 and 1.25 was used, and outcomes were compared ac-
cording to mRSI group. Through our analysis, we identified
that an increase of >25% in mRSI was associated with a lower
risk of all-cause mortality and HF re-admissions both in the
early period and up to 6 months. In contrast, a decrease in
mRSI of >25% was associated with poor patient outcomes.
Previous studies have shown that changes in BP are associ-
ated with outcomes, there has been no specific target, and
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Figure 2 Spline curves for primary outcome at 6 months according to mRSl, stratified by (A) presence of atrial fibrillation, (B) use of beta blockers, and
(C) SBP at admission. The association between mRSI and the incidence of the primary outcome was consistent regardless of presence of atrial fibril-
lation, use of beta blockers, or SBP at admission. mRSI, modified reverse shock index; SBP, systolic blood pressure.
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no study has evaluated BP and HR as a combination.*”*& Al-

though we hypothesized that a higher mRSI may be associ-
ated with an increase in SBP and better outcomes, it is also
important to note that preventing excessive reduction in BP
is also important. The mRSI can be easily calculated and used
throughout the admission process as a dynamic indicator of
patients’ status.

The KorAHF registry enrolled HF patients regardless of
their LVEF. In our analysis of HFrEF patients, mRSI >1.25
was associated with better outcomes, but there was no sig-
nificant association in patients with HF and preserved ejec-

tion fraction (HFpEF) patients (data not shown). This again
shows that these two HF entities are significantly different
in aetiology and presentation.’® In contrast to patients with
HFpEF who mostly have elevated or preserved BP,*° patients
with LV dysfunction are more likely to present with hypoper-
fusion with low BP and tachycardia. In HFrEF patients, an
increase in mRSI can be interpreted as an increase in BP
and a decrease in HR, suggesting haemodynamic stability. In
contrast, acute HF in patients with preserved LV function is
mostly due to diastolic dysfunction, and changes in BP and
HR may not be profound.
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Another important finding was that the predictive value
of mRSI was analysed in various sub-groups and did not
show any difference according to patient characteristics or
treatment. Medications such as RAS inhibitors and beta
blockers affect BP and/or HR to some extent. An mRSI
>1.25 was associated with reduced mortality at 180 days
in the total study population, and although results were
not significant for patients not on any GDMTs (interaction
P value = 0.570), there still was a tendency for favourable
outcomes. A cut-off of mRSI >1.25 could be ubiquitously
used for initiation and titration of medications in patients
admitted for acute HF.

The decision to discharge patients with acute HF is not
straightforward. Recent guidelines have introduced a dis-
charge checklist to help the process,?* but the optimal timing
and medications remain elusive. Complex changes in BP and
HR are correlated to patients’ volume status and renal func-
tion, and the mRSI could be used as a dynamic marker for im-
provement in haemodynamic status. Furthermore, previous
population-based studies have shown a 35-40% mortality rate
at 1 year*>** and a re-admission rate of 11-38% at 60-90 days
after discharge.>**° Using the mRSI could aid physicians in de-
termining whether a patient is suitable for discharge. Even
though initiating GDMTs before discharge are recommended,
careful evaluation of BP and HF should also be performed. Pa-
tients with an mRSI >1.25 at discharge were associated with a
lower incidence of mortality and re-admissions, whereas those
with mRSI <0.75 were associated with poor outcomes.

Limitations

The BP and HR values used in the analyses are continuous var-
iables. However, measurements in the KorAHF registry only
utilized the values at admission and discharge. A prospective,
well-designed trial is needed to fully evaluate the role of ad-
mission and discharge BP and HR in patients with HF. Addition-
ally, there is the possibility of selection bias, as mRSI could only
be calculated in patients surviving to discharge. In a previous
report, we have shown that 6.0% (4.8% in-hospital mortality,
1.2% heart transplantation) of patients enrolled in the KorAHF
registry experienced in-hospital events.™*

Although data on the use of RAS inhibitors, beta blockers,
and aldosterone antagonists were used to adjust for the out-
come, dosage, timing of initiation, and type of medications were
not used in the analysis. Thus, it is unclear whether the benefi-
cial effect was due to the appropriate use of GDMTs in patients
with increased mRSI. Level of B-type natriuretic peptide (BNP)
were not used as a co-variable in Cox regression analysis, as
there were mixed measurements of BNP and N-terminal
proBNP (NT-proBNP) among study participants. Additionally,
data on use of implantable cardioverter-defibrillator (ICD) or car-
diac re-synchronization therapy (CRT) were not used in the anal-
ysis, which could have led to bias in interpreting HR.

The current study utilized data from a nationwide acute HF
registry and were not designed to assess haemodynamic
changes during admission period. Only measurements at ad-
mission and discharge were available, limiting the assessment
of serial changes in mRSI. In clinical practice, the mRSI could
be used as a part of a multimodal decision tool to aid physi-
cians in evaluating patients’ haemodynamic status when
starting and modifying medications.

Conclusions

In patients hospitalized with HFrEF, mRSI, defined as the ratio
between SBP and HR changes during admission, was a signif-
icant predictor of early mortality. Physicians should be aware
of the changes in BP and HR during admission and optimize
medications accordingly.

Conflict of interest

None declared.

Funding

This work was supported by grants from the research of
Korea Centers for Disease Control and Prevention (2010-
E63003-00, 2011-E63002-00, 2012-E63005-00, 2013-E63003-
00, 2013-E63003-01, 2013-E63003-02, and 2016-ER6303-00).

Author contributions

G.C.0. and S.A. conceptualized the study design and
methods. S.A. and S.K.P. conducted the statistical analysis.
G.C.O. wrote the first draft of the manuscript. H-Y.L. managed
the study. All study authors contributed to data collection, in-
terpretation, and revising the final manuscript.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Proportion of patients with an increase in SBP dur-
ing admission period according to mRSI group.

Table S2. Risk for HF readmission and composite outcome ac-
cording to mRSI among patients in the KorAHF- based cohort
study.

Table S3. Cox regression analysis for 6-month all-cause mor-
tality according to subgroups.

ESC Heart Failure 2022; 9: 3232-3240
DOI: 10.1002/ehf2.14031



Modified reverse shock index acute heart failure 3239

ing to RSI at admission.
RSI, reverse shock index.

Figure S1. Study design
Figure S2. Cubic spline curve for in-hospital mortality accord-

References

1. McMurray JJ, Adamopoulos S, Anker

SD, Auricchio A, Bohm M, Dickstein K,
Falk V, Filippatos G, Fonseca C,
Gomez-Sanchez MA, Jaarsma T,
Kober L, Lip GY, Maggioni AP,
Parkhomenko A, Pieske BM,
Popescu BA, Ronnevik PK, Rutten FH,
Schwitter J, Seferovic P, Stepinska J,
Trindade PT, Voors AA, Zannad F,
Zeiher A, Task Force for the D, Treat-
ment of A, Chronic Heart Failure of the
European Society of C, Bax JJ,
Baumgartner H, Ceconi C, Dean V,
Deaton C, Fagard R, Funck-Brentano C,
Hasdai D, Hoes A, Kirchhof P, Knuuti J,
Kolh P, McDonagh T, Moulin C,
Popescu BA, Reiner Z, Sechtem U,
Sirnes PA, Tendera M, Torbicki A,
Vahanian A, Windecker S, McDonagh T,
Sechtem U, Bonet LA, Avraamides P,
Ben Lamin HA, Brignole M, Coca A,
Cowburn P, Dargie H, Elliott P,
Flachskampf FA, Guida GF, Hardman S,

Ivabradine and outcomes in chronic
heart failure (SHIFT): A randomised
placebo-controlled study. Lancet. 2010;
376: 875-885.

. Allgéwer M, Burri C. Schockindex. Dtsch

Med Wochenschr. 1967; 92: 1947-1950.

. Rousseaux J, Grandbastien B, Dorkenoo

A, Lampin ME, Leteurtre S, Leclerc F.
Prognostic value of shock index in chil-
dren with septic shock. Pediatr Emerg
Care. 2013; 29: 1055-1059.

Zarzaur BL, Croce MA, Fischer PE,
Magnotti LJ, Fabian TC. New vitals after
injury: Shock index for the young and
age x shock index for the old. J Surg
Res. 2008; 147: 229-236.

. Kuo SCH, Kuo P-J, Hsu S-Y, Rau C-S,

Chen Y-C, Hsieh H-Y, Hsieh C-H. The
use of the reverse shock index to identify
high-risk trauma patients in addition to
the criteria for trauma team activation:
A cross-sectional study based on a
trauma registry system. BMJ Open.

14.

15.

16.

cular disease and therapy along the
cardiovascular  disease  continuum.
J Cardiol. 2013; 62: 183-187.

Lee SE, Lee HY, Cho HJ, Choe WS, Kim
H, Choi JO, Jeon ES, Kim MS, Hwang
KK, Chae SC, Baek SH, Kang SM, Choi
DJ, Yoo BS, Kim KH, Cho MC, Kim JJ,
Oh BH. Reverse J-curve relationship be-
tween on-treatment blood pressure and
mortality in patients with heart
failure. JACC Heart Fail. 2017; 5:
810-819.

Schmid FA, Schlager O, Keller P, Seifert
B, Huang R, Frohlich GM, Luscher TF,
Ruschitzka F, Enseleit F. Prognostic
value of long-term blood pressure
changes in patients with chronic heart
failure. Eur J Heart Fail. 2017; 19:
837-842.
Imprialos K, Stavropoulos K,
Papademetriou V.  Sodium-glucose
cotransporter-2  inhibitors,  reverse
J-curve pattern, and mortality in heart

Iung B, Merkely B, Mueller C, 2016; 6: e011072. failure. Heart Fail Clin. 2019; 15:
Nanas JN, Nielsen OW, Orn S, 9. Lee YT, Bae BK, Cho YM, Park SC, Jeon 519-530.

Parissis JT, Ponikowski P, Guidelines CH, Huh U, Lee DS, Ko SH, Ryu 17. Segal O, Segal G, Leibowitz A,
ESCCfP. ESC guidelines for the diagnosis DM, Wang IJ. Reverse shock index Goldenberg I Grossman E,
and treatment of acute and chronic multiplied by Glasgow coma scale as a Klempfner R. Elevation in systolic blood
heart failure 2012: The task force for predictor of massive transfusion in pressure during heart failure hospitaliza-
the diagnosis and treatment of acute trauma. Am J Emerg Med. 2020; 46: tion is associated with increased
and chronic heart failure 2012 of the Eu- 404-409. short and long-term mortality. Medicine
ropean Society of Cardiology. Developed 10. Lee SE, Cho HJ, Lee HY, Yang HM, (Baltimore). 2017; 96: €5890.

in collaboration with the heart failure
association (HFA) of the ESC. Eur J
Heart Fail. 2012; 14: 803-869.

. Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS, Falk
V, Gonzalez-Juanatey JR, Harjola VP,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P,  Parissis JT,
Pieske B, Riley JP, Rosano GMC,
Ruilope LM, Ruschitzka F, Rutten FH,
van der Meer P, Group ESCSD. 2016
ESC guidelines for the diagnosis
and treatment of acute and chronic
heart failure: The task force for the
diagnosis and treatment of acute and
chronic heart failure of the European
Society of Cardiology (ESC) developed
with the special contribution of
the Heart Failure Association (HFA) of
the ESC. Eur Heart J. 2016; 37:

11.

Choi JO, Jeon ES, Kim MS, Kim JJ,
Hwang KK, Chae SC, Seo SM, Baek SH,
Kang SM, Oh IY, Choi DJ, Yoo BS,
Ahn Y, Park HY, Cho MC, Oh BH. A
multicentre cohort study of acute heart
failure syndromes in Korea: Rationale,
design, and interim observations of the
Korean acute heart failure (KorAHF)
registry. Eur J Heart Fail. 2014; 16:
700-708.

Lee SE, Lee HY, Cho HJ, Choe
WS, Kim H, Choi JO, Jeon ES, Kim MS,
Kim JJ, Hwang KK, Chae SC, Baek SH,
Kang SM, Choi DJ, Yoo BS, Kim KH, Park
HY, Cho MC, Oh BH. Clinical
characteristics and outcome of acute
heart failure in Korea: Results from the
Korean acute heart failure registry
(KorAHF). Korean Circ J. 2017; 47:
341-353.

18.

19.

20.

Svensson P, Sundberg H, Lund LH,
Ostergren J. Change in blood pressure
during hospitalisation for acute heart
failure  predicts mortality.  Scand
Cardiovasc J. 2010; 44: 325-330.
Bronzwaer JG, Paulus WJ. Diastolic and
systolic heart failure: Different stages
or distinct phenotypes of the heart fail-
ure syndrome? Curr Heart Fail Rep.
2009; 6: 281-286.

Nakagawa A, Yasumura Y, Yoshida C,
Okumura T, Tateishi J, Yoshida J, Tamaki
S, Yano M, Hayashi T, Nakagawa Y,
Yamada T, Nakatani D, Hikoso S, Sakata
Y, Osaka CardioVascular
Conference-Heart Failure 1. Distinctive
prognostic factor of heart failure with
preserved ejection fraction
stratified with admission blood pressure.
ESC Heart Fail. 2021; 8: 3145-3155.

2129-2200. 12. Oh GC, Cho HJ, Lee SE, Kim MS, Kim JJ, 21. Association AH. Target: HF Strategies
. Elzeneini M, Aranda JM, Al-Ani M, Choi JO, Jeon ES, Hwang KK, Chae SC, and Clinical Tools [updated Jun 14,

Ahmed MM, Parker AM, Vilaro JR. Baek SH, Kang SM, Yoo BS, Choi DJ, 2018].

Hemodynamic effects of ivabradine use Ahn Y, Kim KH, Cho MC, Oh BH, 22. Ho KK, Anderson KM, Kannel WB,

in combination with intravenous inotro- Lee HY. Management and prognosis of Grossman W, Levy D. Survival after the

pic therapy in advanced heart failure. heart failure in octogenarians: Final onset of congestive heart failure in Fra-

Heart Fail Rev. 2020; 26: 355-361. report from the KorAHF registry. J Clin mingham  heart study subjects.
. Swedberg K, Komajda M, Bohm M, Med. 2020; 9: 501. Circulation. 1993; 88: 107-115.

Borer JS, Ford I, Dubost-Brama A, 13. Custodis F, Reil JC, Laufs U, Bohm M. 23. Zannad F, Briancon S, Juilliere Y,

Lerebours G, Tavazzi L, Investigators S.

Heart rate: A global target for cardiovas-

Mertes PM, Villemot JP, Alla F, Virion

ESC Heart Failure 2022; 9: 3232-3240
DOI: 10.1002/ehf2.14031



3240

G.C. Oh et al.

JM. Incidence, clinical and etiologic
features, and outcomes of advanced
chronic heart failure: The EPICAL
study. Epidemiologie de I'Insuffisance
Cardiaque Avancee en Lorraine. J Am
Coll Cardiol. 1999; 33: 734-742.

24. Vader JM, LaRue SJ, Stevens SR, Mentz

RJ, DeVore AD, Lala A, Groarke JD,

25.

AbouEzzeddine OF, Dunlay SM, Grodin
JL, Davila-Roman VG, de Las Fuentes L.
Timing and causes of readmission after
acute heart failure hospitalization-
insights from the heart failure network
trials. J Card Fail. 2016; 22: 875-883.

Kitakata H, Kohno T, Kohsaka S,
Shiraishi Y, Parizo JT, Niimi N, Goda A,

Nishihata Y, Heidenreich PA, Yoshikawa
T. Prognostic implications of early and
midrange readmissions after acute heart
failure hospitalizations: A report from a
Japanese multicenter registry. J Am
Heart Assoc. 2020; 9: e014949.

ESC Heart Failure 2022; 9: 3232-3240
DOI: 10.1002/ehf2.14031



	Modified reverse shock index predicts early outcomes of heart failure with reduced ejection fraction
	Introduction
	Methods
	Study population
	Modified reverse shock index
	Outcomes
	Statistical analyses
	Patient and public involvement

	Results
	Patient characteristics
	mRSI and outcomes
	Sub&hyphen;group analysis
	Cross&hyphen;sectional RSI at admission and �in�&hyphen;�hospital outcomes

	Discussion
	Limitations

	Conclusions
	Conflict of interest
	Funding
	Author contributions
	References

