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Background: Estimated plasma volume status (ePVS) is a well-validated prognostic indicator in heart fail-
ure. However, it remains unclear whether ePVS has prognostic significance in patients with acute
myocardial infarction (AMI). Moreover, there is no available information on its additive effect with the
Global Registry of Acute Coronary Events (GRACE) risk score in AMI patients.
Methods: Data were obtained from the Osaka Acute Coronary Insufficiency Study (OACIS) registry data-
base. Patients whose data were available for ePVS derived from Hakim’s formula and the GRACE risk score
were studied. The primary endpoints were in-hospital and 5-year mortality.
Results: Of 3930 patients, 206 and 200 patients died during hospitalization and 5 years after discharge,
respectively. After adjustment, ePVS remained an independent predictor of in-hospital death (OR:1.02,
95% CI: 1.00-1.04, p = 0.036), and 5-year mortality(HR:1.03, 95% CI: 1.01-1.04, p < 0.001). An additive
effect of ePVS with the GRACE risk score was observed in predicting the 5-year mortality with an area
under the receiver operating characteristic curve (AUC) from 0.744 to 0.763 (p = 0.026), but not in-
hospital mortality (the AUC changed from 0.875 to 0.875, p = 0.529). The incremental predictive value
of combining ePVS and the GRACE risk score for 5-year mortality was significantly improved, as shown
by the net reclassification improvement (NRI:0.378, p < 0.001) and integrated discrimination improve-
ment (IDI:0.014, p < 0.001).
Conclusions: In patients with AMI, ePVS independently predicted in-hospital and long-term mortality. In
addition, ePVS had an additive effect with the GRACE risk score on long-term mortality. Therefore, ePVS
may be useful for identifying high-risk subjects for intensive treatment.

© 2021 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords:

Plasma volume

Acute myocardial infarction
The GRACE risk score
Prognosis

1. Introduction

Despite the advances in treatment (such as reperfusion therapy
in the acute phase and administering evidence-based medications
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for secondary prevention with statins, renin-angiotensin system
blockers and beta-blockers), acute myocardial infarction (AMI) is
still associated with significant mortality. Hence, identifying
high-risk patients and those who would benefit from more aggres-
sive treatment, is essential for the management of AMI. The Global
Registry of Acute Coronary Events (GRACE) risk score is a powerful
predictor of prognosis after AMI [1-3]. However, this system
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reflects only certain pathophysiological dimensions related to out-
comes in AML

Congestion is one of the factors associated with worse out-
comes and therefore could be a therapeutic target for improving
the prognosis of patients with AMI. However, congestion can be
difficult to quantify noninvasively. The total volume of blood
plasma in the intravascular compartment is known as the plasma
volume (PV), and the estimated plasma volume status (ePVS) could
be simply calculated using a weight- and hematocrit-based for-
mula. ePVS has been shown to be a well-validated prognostic indi-
cator associated with morbidity and mortality in heart failure [4-
8]. On the other hand, it remains unclear whether ePVS has prog-
nostic significance in patients with AMI. Therefore, we studied
the prognostic significance of ePVS in AMI patients, and to the best
of our knowledge, this is the first study to investigate this. How-
ever, the predictive value of ePVS was expected to be insufficient
because it only reflects a certain aspect related to outcomes in
AMI. We also demonstrated the clinical significance of ePVS by
assessing whether it has an incremental prognostic information
to the GRACE risk score.

Therefore, the purpose of this study was to investigate the prog-
nostic significance of ePVS and additional prognostic value of ePVS
to the GRACE risk score in AMI patients.

2. Methods
2.1. The OACIS registry and study patients

The Osaka Acute Coronary Insufficiency Study (OACIS) is a
prospective, multicenter, observational study in which 25 collabo-
rating hospitals (1 university hospital, 24 regional core centers) in
the Osaka region of Japan recorded demographic, procedural, and
outcome data, and collected blood samples from patients with
AMI (UMIN-CTR ID: UMINO00004575). A detailed description of
the OACIS has been published [9-12]. Briefly, patients hospitalized
within 1 week of AMI onset were prospectively registered and
followed-up for 5 years. AMI was diagnosed if >2 of the following
3 criteria were met: (1) clinical history of central chest pressure,
pain, or tightness lasting >30 min, (2) ST-segment elevation
>0.1 mV in at least 1 standard or 2 precordial leads, and (3) a rise
in serum creatine phosphokinase concentration to more than twice
the normal laboratory value.

This registry complied with the Declaration of Helsinki, and the
study protocol was approved by the ethics committee of each par-
ticipating hospital.

In this present study, 11,072 consecutive patients registered in
the OACIS between April 1998 and September 2012 were included.
All patients provided written informed consent to participate in
this study.

2.2. Data collection

All the collaborating hospitals were encouraged to enroll con-
secutive patients with AMI. We prospectively collected data from
research cardiologists and trained research nurses using a specific
reporting form, including demographic and procedural data.
Peripheral blood was sampled on the admission day. Venous
plasma concentrations of glucose, lipids, lipoproteins, serum crea-
tinine, HbA1c, red blood cell counts were determined in the clinical
laboratory department using standard biochemical techniques. The
patient variables presented in the tables were extracted from the
OACIS registry database in this study.
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2.3. Estimated plasma volume status

The actual PV was calculated using data on admission with the
following equation, which has been previously validated [13]:

aPV = (1 — hematocrit) x [a + (b x weight (kg))]

where hematocrit is a fraction, a = 1,530 in male patients and
a = 864 in female patients, and b = 41 in males and b = 47.9 in
females.

The ideal PV (iPV) was calculated from the following well-
established formula based solely on weight [14]:

iPV = ¢ x weight(kg)

where c = 39 in male patients and c = 40 in female patients.

ePVS, an index of the degree to which patients have deviated
from their iPV, was subsequently calculated from the following
equation [4]:

ePVS = [(aPV —iPV)/iPV] x 100%
PV expansion was defined as ePVS of >0% [7].

2.4. Calculation of the GRACE risk score

The GRACE risk prediction tool has been described elsewhere
[1]. The GRACE score was derived from eight variables that were
recorded upon hospital admission (age, heart rate, systolic blood
pressure, serum creatinine concentration, Killip classification, car-
diac arrest, presence of ST-segment deviation, and elevated cardiac
enzymes/markers) and was calculated for each patient.

2.5. Outcomes and follow-up

Clinical events were obtained 3 and 12 months after discharge
for AMI and annually thereafter for up to 5 years. Survival data
were obtained by dedicated coordinators and investigators
through direct contact between patients and their physicians at
the hospital in outpatient settings, or by telephone interview of
their family, or by mail. In-hospital mortality and 5-year mortality
were the primary endpoint of the study.

2.6. Statistical analysis

Continuous variables are expressed as the mean + SD with a
normal distribution and otherwise the median values and
interquartile ranges (25-75 percentiles). Categorical data are pre-
sented as absolute values and/or frequencies. The baseline group
characteristics were compared using a t-test, and the chi-square
or Fisher’s exact test was used for categorical variables. The impact
of ePVS on in-hospital and 5-year mortality was assessed as odds
ratios (ORs) and their 95% confidence intervals (Cls) using a logistic
regression analysis, and the hazard ratios (HRs) and 95% CI using
Cox regression analysis, respectively. To reduce the confounding
effects of variations in patient backgrounds, the variables exam-
ined in these analyses were age, sex, presence of STEMI, Killip clas-
sification, systolic blood pressure, heart rate, coronary risk factors
(diabetes, hypertension, dyslipidemia, smoking, previous myocar-
dial infarction, prior intervention, and prior coronary artery bypass
grafting (CABG)), history of atrial fibrillation, multivessel disease,
emergency percutaneous coronary intervention (PCI), laboratory
data (blood sugar, serum creatinine, low-density lipoprotein
(LDL) cholesterol, HbA1c, hematocrit, and peak creatinine phos-
phokinase levels), and GRACE risk score. Among the patients who
were discharged, the use of the following drugs was also incorpo-
rated into the models: antiplatelets, anticoagulants, beta-blockers,
angiotensin-converting enzyme (ACE) inhibitors and/or angioten-
sin Il-receptor blockers, statins, and diuretics. The Kaplan-Meier
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method was used to estimate the event rates; the differences
between patients with and without PV expansion were assessed
using the log-rank test. In order to assess the predictive ability of
ePVS, we performed subgroup analysis and developed a forest plot.
P value for interaction was calculated using the interaction term
for ePVS and each subgroup based on Cox regression for in-
hospital and 5-year mortality. Missing data were not comple-
mented, and patients with missing data were automatically
excluded in the multivariable analyses. The predictive values of
ePVS and a combination of ePVS and the GRACE risk score were
estimated by comparing the areas under the receiver operating
characteristic (ROC) curve. A binary logistic regression model was
used to calculate a probability of ePVS + GRACE risk score. Then
area under the curve of the variable was calculated using receiver
operating characteristic (ROC) curve analysis. DeLong’s test was
used to compare the area under the curve (AUC) from each model.
Moreover, the increased discriminatory value of ePVS was further
examined by the net reclassification improvement (NRI) and inte-
grated discrimination improvement (IDI). The NRI evaluates
changes in estimated prediction probabilities that imply a change
from one category to another between different models. In this
analysis, we classified the probability of mortality for 5 years into
three categories of < 4%, 4 to 11%, and > 11%, referring to the
GRACE-predicted risk of mortality among the study patients. Sta-
tistical significance was set as p < 0.05. All statistical analyses were
carried out using the EZR, version 1.37 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a graphical user
interface for R (The R Foundation for Statistical Computing, Vienna,
Austria) [15].

3. Results
3.1. Clinical characteristics

Among the 11,072 patients registered in the OACIS registry,
7,142 patients were excluded because of the lack of data required
for calculating the GRACE risk score or ePVS. As a result, 3,930
patients were included in this study (Fig. 1).

The mean calculated aPV, iPV, and ePVS were 2,390 + 353 ml,
2,464 + 510 ml, and 1 * 13%, respectively. The number of patients

April 1998 to September 2012
11,072 patients in OACIS registry

7,142 patients excluded because of lacking
date for calculating GRACE risk score or ePVS

y

3,930 patients enrolled in this study

In hospital death: In hospital survivor:
N=206 N=3,724

Fig. 1. Patient selection flowchart. OACIS, Osaka Acute Coronary Insufficiency;
GRACE, Global Registry of Acute Coronary Events; ePVS, estimated plasma volume
status.
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with and without PV expansion was 1,697 (43%) and 2,233 (57%)
patients, respectively. The distribution of ePVS in the study
patients is shown in Fig. 2.

The baseline patient characteristics stratified with and without
PV expansion are presented in Table 1. There were significant dif-
ferences between patients with and without PV expansion in terms
of age, sex, patient demographics, presence of STEMI, Killip classi-
fication, hypertension, dyslipidemia, smoking, atrial fibrillation
and prior CABG, culprit vessel, multivessel disease, and emergency
PCI. Laboratory data on admission including blood sugar, serum
creatinine, LDL cholesterol, HbA1c, and hematocrit levels differed
between the two groups. At discharge, there were also significant
differences in the prescribed medication, such as ACE inhibitors
and/or angiotensin receptor blockers, statins, antiplatelets, and
diuretics, between the two groups. In addition, patients with PV
expansion had a higher GRACE risk score than those without PV
expansion.

An almost similar trend of baseline characteristics was observed
in both groups, when the study patients were divided into two
groups according to the tertiles of the GRACE risk score: first and
second tertiles < 139 (low-risk group) and highest tertile > 140
(high-risk group) (Table 1).

3.2. In-hospital and 5-year mortality

Among the 3,930 patients, 206 patients suffered in-hospital
death. In-hospital mortality rates were significantly higher in
patients with PV expansion (8.2%; 139/1,697) than in those with-
out PV expansion (3.0%; 67/2,283). The multivariate logistic regres-
sion analysis showed that each 1% increase in ePVS was linked to a
2.1% estimated risk of in-hospital mortality (OR: 1.02, 95% CI: 1.00-
1.04, p = 0.036) in the whole patient population. ePVS was also
associated with in-hospital death, but was not considered an inde-
pendent predictor in the low-risk (OR: 1.03, 95% CI: 0.98-1.12,
p = 0.331) and high-risk groups (OR: 1.02, 95% CI: 0.99-1.04,
p = 0.087), respectively.

Among the 3,724 patients who were discharged, 200 died dur-
ing the 5-year follow-up period (138/1,558 in patients with PV
expansion, 62/2,166 in those without PV expansion). The time-
to-event curves for the 5-year mortality among patients who were
discharged alive are shown in Fig. 3. The incidence of 5-year all-
cause death was significantly higher in patients with PV expansion

Frequency (%)
=

]
1

0 f T T T
-40 -20 0 20 40 60

Plasma Volume Status (%)

Fig. 2. Distribution of estimated plasma volume status in the study patients.
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Table 1
Clinical Characteristics in study patients with and without PV expansion.
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All study patients

Low-risk group

High-risk group

PV expansion PV expansion P PV expansion PV expansion P PV expansion PV expansion P
(+) (-) value (+) (-) value +) (-) value
n = 1697 n=2233 n =861 n=1789 n =836 n = 444
Age (years) 73 £10 62 +12 <0.001 67+9 60 + 11 <0.001 79+8 73+9 <0.001
Male 68% 82% <0.001 76% 85% <0.001 60% 72% <0.001
Weight (kg) 49.5 + 6.4 51.2+59 0.024 57.2+89 69.9 +12.2 <0.001 52.1£10.1 66.0 £11.3 <0.001
Klllip class (I/1/111/IV) 76%[10%|7%[7%  85%|6%[4%[5% <0.001 96%/4%0%/0% 95%/4%]1%]0% 0.67 56%/16%]14%| 45%(15%[18%| <0.001
14% 22%
Heart rate (beats/min) 79 £ 22 81 +21 0.052 75+18 79 £18 0.052 84 +25 89 +30 0.001
Systolic pressure (mmHg) 132 £ 30 141 £ 31 <0.001 13230 141 £ 31 <0.001 124 + 31 124 £33 0.89
STEMI 83% 87% <0.001 84% 87% 0.063  82% 86% 0.054
History
Hypertension 69% 61% <0.001 64% 60% 0112 74% 64% <0.001
Diabetes Mellitus 32% 31% 0432  31% 33% 0314 34% 36% 0.446
Dyslipidemia 36% 48% <0.001 40% 50% <0.001 33% 40% 0.01
Smoking 51% 68% <0.001 51% 68% <0.001 39% 55% <0.001
Atrial fibrillation 8% 6% 0.005 4% 4% 0.959  12% 13% 0.638
Myocardal infarction 11% 9% 0.051 8% 8% 0.746  14% 14% 0.878
Prior PCI 10% 9% 0159 9% 9% 0738 11% 10% 0.464
Prior CABG 3% 1% <0.001 2% 1% 0.017 4% 2% 0.059
Medication at discharge (n=1558)* (n=2166)*
ACEI or ARB 74% 78% 0.001  76% 80% 0.015  71% 70% 0.768
B-blocker 64% 67% 0122  64% 67% 0.127  65% 68% 0.647
Statin 55% 69% <0.001 59% 72% <0.001 51% 56% 0.121
Antiplatelet 94% 92% 0.029  95% 93% 0.067  94% 91% 0.102
Anticoagulant 14% 17% 0.084 12% 14% 0.143  17% 27% <0.001
Diuretics 32% 24% <0.001 22% 19% 0.058  45% 47% 0.552
Coronary angiography 96% 98% <0.001 99% 99% 0.86 94% 97% 0.008
Culprit artery 0.047 0.047 0.19
LMT 3% 2% 1% 1% 5% 6%
LAD 44% 48% 44% 48% 42% 45%
LCx 16% 15% 16% 15% 16% 15%
RCA 38% 31% 39% 31% 37% 30%
Multivessel 51% 42% <0.001 42% 38% 0.058  60% 57% 0.226
Emergent PCI 90% 95% <0.001 93% 96% <0.001 87% 92% 0.01
Laboratory data on admission
Blood sugar (mg/dl) 175+ 78 180 + 80 0.033 16165 172 £70 0.033 189 + 88 215 + 105 <0.001
Creatinine (mg/dl) 0.9 (0.7-1.2) 0.8 (0.8-1.0) <0.001 0.8 (0.7-1.0) 0.8 (0.7-1.0) 0.537 1.0 (0.8-1.6) 1.0 (0.8-1.3) 0.013
LDL cholesterol (mg/dl) 110 + 36 134 £ 39 <0.001 11535 136 £ 39 <0.001 105+ 35 123 +£35 <0.001
HbA1c(%) 63+1.2 6.6 +1.6 <0.001 63%1.3 6.6 £1.6 <0.001 6.2+1.1 6.6 £1.5 <0.001
Hematocrit(%) 35+5 46 + 12 <0.001 36+4 44 + 4 <0.001 34+5 43 + 4 <0.001
Peak CK (U/L) 1592 (807- 2095 (981- <0.001 1517 (755- 2000 (949- <0.001 1650 (840- 2313 (080- <0.001
3229) 4111) 3015) 3941) 3533) 4953)
Length of Hospital stay 19 (15-25) 19 (14-28) 0.571 18 (14-23) 18 (15-23) 0.132 21 (15-36) 25 (16-36) 0.004
(days)
GRACE risk score 141 £ 31 116 + 30 <0.001 11716 105 £ 21 <0.001 166 = 22 162 £ 20 0.002

Data are presented as the mean value + SD, the median (25-75 percentiles) or percentage of patients. PV, plasma volume; STEMI, ST elevation myocardial infarction; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACEI, angiotensin-converting enzyme inhibiter; ARB, angiotensinII receptor blocker; LMT, left
mein trunk; LAD, left anterior descending; LCX, left circumflex; RCA, right coronary artery; LDL, low-density lipoprotein; HbA1c, hemoglobin Alc; CK, creatine kinase; GRACE,

Global Registry of Acute Coronary Events *patients wth survival discharge.

than in those without PV expansion in all study populations and
low-risk and high-risk subgroups. In the multivariable Cox regres-
sion analysis, the adjusted HRs of ePVS for 5-year mortality were
1.03 (95% CI: 1.01-1.04, p < 0.001), 1.05 (1.02-1.10, p < 0.001),
and 1.03 (1.01-1.05, p = 0.002) in all study populations and the
low-risk and high-risk groups, respectively. When ePVS was ana-
lyzed as a categorical variable, consistent results were obtained:
the adjusted HRs of PV expansion for 5-year mortality were 1.71
(95% CI: 1.16-2.52, p = 0.006), 2.19 (1.22-3.92, p = 0.008), and
1.67 (1.02-2.75, p = 0.04) in all study populations and the low-
risk and high-risk groups, respectively.

To evaluate the heterogenecity of ePVS predicting in-hospital
and 5-year mortality, we performed subgroup analysis (Fig. S1).
There were no significant interactions between each variable and
ePVS except for the history of diabetes for 5-year mortality, sug-
gesting that ePVS may have consistent predictive ability for in-
hospital and 5-year mortality across various subgroups.

3.3. Effect of combining ePVS and the GRACE risk score

The combined value of ePVS and the GRACE score for predicting
the in-hospital and the long-term mortality was assessed. For pre-
dicting in-hospital mortality, the AUC of the GRACE risk score alone
was 0.875, and ePVS added no additional value to the GRACE risk
score (the AUC of the combination of ePVS and the GRACE risk
score was 0.875, p = 0.529). On the other hand, for predicting the
5-year mortality, the AUC of the GRACE risk score alone was
0.744 and when ePVS was added to the GRACE risk score, the
AUC increased to 0.763 (p = 0.026) (Fig. 4).

Furthermore, the potential for the clinical benefit achieved
when ePVS was added to the GRACE risk score was assessed using
the category-based NRI. Using 4% and 11% as arbitrary thresholds
to define patients at low, intermediate, and high risk, ePVS
achieved an NRI of 0.102 (95% CI, 0.031-0.173; p = 0.004). Of
3,524 patients without events, 367 were correctly downgraded
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Fig. 3. Kaplan-Meier survival estimates in (a) all study patients and (b) low-risk group and (c) high-risk group. The numbers of patients at risk are summarized below the

figures PV, plasma volume.

and 289 were wrongly upgraded by at least one category by ePVS,
whereas of 200 patients with an event, 34 were correctly upgraded,
and 18 were wrongly downgraded (Table 2). Additionally, the con-
tinuous NRI was 0.378 (95% (I, 0.236-0.519; p < 0.001), and the IDI
was calculated as 0.014 (95% CI, 0.008-0.021; p < 0.0001).

4. Discussion

In this study, we investigated the impact of ePVS on in-hospital
and long-term (5-year) mortality of all-comer AMI patients. To the
best our knowledge, no previous study has investigated the prog-
nostic impact of ePVS on AMI. We observed that ePVS measured
on admission was associated with in-hospital mortality and 5-
year mortality. In addition, ePVS also added discriminatory predic-
tive value to the GRACE risk score for predicting long-term mortal-
ity, whereas it had no additional value to the GRACE risk score for
predicting in-hospital death.

Risk stratification is important for AMI patients because of the
great variability in individual prognosis. Many models have been
proposed to predict the risk of mortality [16-18], of which the
GRACE risk score is the most commonly used and recommended
by current guidelines [19,20]. However, the original models could
only estimate the risk of short- to mid-term prognosis. Although
the GRACE risk score was updated to evaluate the short- and
long-term risks, the evidence for its long-term prognostic accuracy
is relatively weak [21,22]. Thus, the scoring system needs to deter-
mine another additional variable to enhance the long-term predic-
tive value.

ePVS is one of the markers for systemic congestion, which is cal-
culated simply using the body weight and hematocrit level. Several
studies have shown that ePVS is a well-validated prognostic indi-
cator associated with morbidity and mortality in heart failure [4-
8]. Higher ePVS values were also associated with worse outcomes
and could help refine risk stratification in patients after CABG [23].
In patients with AMI, heart failure in the acute phase was shown to
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Fig. 4. Receiver operating characteristic (ROC) curve analysis for predicting (a) in-hospital death and (b) 5-year mortality. (a) For predicting in-hospital mortality, the area
under the curve (AUC) of the GRACE risk score alone was 0.875. When ePVS was added to the GRACE risk score, the AUC became 0.875 (p = 0.529). (b) For predicting the 5-
year mortality, the AUC of the GRACE risk score alone was 0.744. When ePVS was added to the GRACE risk score, the AUC became 0.763 (p = 0.026) with statistical
significance. GRACE, Global Registry of Acute Coronary Events; ePVS, estimated plasma volume status.

Table 2

Reclassification for the risk of 5-year mortality when ePVS was added to GRACE risk score.

Non-survivor

GRACE risk score adjusted by ePVS

GRACE risk score <4% 4-11% >11% Total
<4% 1702 154 2 1868
4-11% 284 962 123 1369
>11% 0 83 204 287
Total 1986 1199 329 3524
Survivor

GRACE risk score adjusted by ePVS
GRACE risk score <4% 4-11% >11% Total
<4% 25 7 0 32
4-11% 10 76 27 113
>11% 0 8 47 55
Total 35 91 74 200

GRACE, Global Registry of Acute Coronary Events; ePVS, estimated plasma volume status.

increase long-term mortality [24,25]; the results of the present
study were consistent with these studies in this aspect. Further-
more, subgroup analysis showed the consistent prognostic value
of ePVS especially for 5-year mortality even in AMI patients with-
out heart failure or high risk. In other words, our data could pro-
vide new insights based on the premise that even subclinical
congestion, represented by ePVS, could be associated with long-
term mortality regardless of patient’s severity such as GRACE risk
score or Killip classification. In terms of short-term mortality, the
prognostic value of ePVS was also consistent in subgroups but rel-
atively week compared to the prognostic value for long-term
mortality.

The present study shows that a single measurement of ePVS on
admission enhances the predictive value of the GRACE risk score
for long-term mortality, but not for in-hospital mortality. The
GRACE risk score was originally developed for predicting relative
short-term prognosis. Because of the robust predicting power, no
other factor might enhance the short-term predictive value of the
GRACE risk score. On the other hand, the predictive value of the
GRACE risk score declined when predicting long-term cardiovascu-
lar risk [26]. One of the reasons might be that the GRACE scoring
system reflects only certain pathophysiological dimensions related

to outcomes in AMI; thus, biomarkers that address the different
aspects of AMI pathophysiology are needed. Therefore, combining
biochemical indices with the GRACE risk score is superior in pre-
dicting long-term cardiovascular events in patients with AMI as
compared to the GRACE risk score alone. Indeed, the patients with
PV expansion had a doubled risk of 5-year mortality compared
with those without PV expansion regardless of the GRACE risk
score, suggesting that we should implement careful management
of patients with PV expansion, despite their GRACE risk score being
low. Consequently, such patients might receive clinical benefits
from interventions to their PV.

From the viewpoint of PV management in AMI patients, the
usage of diuretics in patients with and without PV expansion is
important. In this study cohort, the usage of diuretics was signifi-
cantly associated with worse long-term outcomes in patients with-
out PV expansion (HR: 2.0, 95% CI: 1.0-3.9, p = 0.04), whereas it
was not associated with worse outcomes in those with PV expan-
sion (HR: 1.2, 95% CI: 0.7-1.9, p = 0.52). Theoretically, diuretics can
cause activation of the renin-angiotensin-aldosterone system and
the sympathetic nervous system, leading to poor clinical outcome.
Previous studies reported that the use of loop diuretics was associ-
ated with higher mortality and an increased risk of hospitalization
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in patients with heart failure [27,28]. On the other hand, diuretics
play an essential role in reducing the extent of systemic conges-
tion. These negative and positive effects of diuretics would coun-
terbalance each other in patients with PV expansion. This finding
might suggest the potential clinical utility of ePVS-guided fluid
management in patients with AMI. For example, patients with
low GRACE risk score have been recognized as low risk for long-
term mortality and tend not to be received careful management
so far. However, we found that ePVS could refine risk stratification
even in such patients and provide additional treatment plan based
on ePVS. In other word, volume reduction therapy may be consid-
ered for patients with PV expansion. However, this concept is lar-
gely hypothesis generating and prospective studies are needed to
evaluate the clinical potential of ePVS-guided therapy.

5. Study limitations

This study has several limitations. First, a large number of
patients was excluded from this study, because some variables of
ePVS and the GRACE risk score were not mandatory in the OACIS
registry. Although there was no significant difference in GRACE risk
score between patients who were included and excluded patients
in overall patients, there was statistically significant difference in
each variable of patients characteristics between the groups (data
not shown), suggesting that we cannot exclude the possibility that
there was a potential selection bias in the current study. Therefore,
our observations are needed to be confirmed in various cohort. Sec-
ond, the definition of AMI in our registry was derived from WHO
criteria [29], because the registry was started in 1998. A new crite-
ria for diagnosis of AMI that was proposed in 2000 with an usage of
cardiac troponin [30] have been widely used in recent clinical stud-
ies. Therefore, there could be a possibility that we missed AMI
patients who have small infarction without CK elevation but with
troponin elevation. Third, ePVS on admission, not discharge, was
used as a predictor for long-term mortality because it was uncom-
plicated. The predictive value and additive effect of ePVS on dis-
charge to the GRACE risk score were also analyzed, revealing that
it had a similar predictive value to that on admission. Fourth, we
had no data on B-type natriuretic peptide (BNP) and only a few
data on N-terminal pro-B-type natriuretic peptide (NT-proBNP).
These markers reflect ventricular blood volume and were reported
to be an independent predictor of mortality in patients with AMI
[31,32]. However, several reports showed that ePVS was an inde-
pendent predictor from BNP and NT-proBNP in patients with heart
failure [4-8]. Further investigations are required to examine the
relationship between ePVS and these markers in AMI patients.
Finally, the left ventricular ejection fraction (LVEF) assessed by
echocardiography or left ventriculography during hospitalization,
which is known as one of the most important prognostic factors
in AMI patients, was not included in the multivariate analyses
because of missing data in a substantial number of patients. The
data on LVEF of 2748 patients were available, and all the data were
accessed by Teichholz method. When the data was added to mul-
tivariate analyses, the prognostic significance of ePVS for 5-year
mortality could maintain (HR:1.03, 95% CI: 1.01-1.04, p = 0.001),
but not for in-hospital mortality (OR:1.02, 95% CI: 0.99-1.05,
p = 0.228).

6. Conclusions

ePVS, which is calculated simply form weight and hematocrit
and represents intravascular compartment and congestion, could
identify poor prognosis in patients with AMI. In addition, ePVS
could provide additional long-term prognostic information to the
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GRACE risk score. ePVS-guided therapy may be considered for
improving the prognosis of patients with AMI.
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Hyogo, Japan; Kashiwara Municipal Hospital, Osaka, Japan; Kawa-
chi General Hospital, Osaka, Japan; Kitaosaka Hospital, Osaka,
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Osaka, Japan; Saiseikai Senri Hospital, Osaka, Japan; Sakurabashi
Watanabe Hospital, Osaka, Japan; Settsu Iseikai Hospital, Osaka,
Japan; Teramoto Kinen Hospital, Osaka, Japan; Yao Municipal
Hospital, Osaka, Japan.

Appendix B. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijcha.2021.100748.

References

[1] K.A. Eagle, MJ. Lim, O.H. Dabbous, K.S. Pieper, RJ. Goldberg, F. Van de Werf, S.G.
Goodman, C.B. Granger, P.G. Steg, ].M. Gore, A. Budaj, A. Avezum, M.D. Flather,
K.A. Fox, G.RA.CE. Investigators, A validated prediction model for all forms of
acute coronary syndrome: estimating the risk of 6-month postdischarge death
in an international registry, JAMA 291 (2004) 2727-2733, https://doi.org/
10.1001/jama.291.22.2727.

K.A. Fox, O.H. Dabbous, R.]J. Goldberg, K.S. Pieper, K.A. Eagle, F. Van de Werf, A.
Avezum, S.G. Goodman, M.D. Flather, F.A. Anderson Jr, C.B. Granger, Prediction
of risk of death and myocardial infarction in the six months after presentation
with acute coronary syndrome: prospective multinational observational study
(GRACE), BM] 333 (2006) 1091, https://doi.org/10.1136/bm;j.38985.646481.55.

2


https://doi.org/10.1016/j.ijcha.2021.100748
https://doi.org/10.1001/jama.291.22.2727
https://doi.org/10.1001/jama.291.22.2727
https://doi.org/10.1136/bmj.38985.646481.55

T. Kawai, D. Nakatani, T. Yamada et al.

[3] EW. Tang, C.K. Wong, P. Herbison, Global Registry of Acute Coronary Events
(GRACE) hospital discharge risk score accurately predicts long-term mortality
post acute coronary syndrome, Am. Heart J. 153 (2007) 29-35, https://doi.org/
10.1016/j.ahj.2006.10.004.

H.Z. Ling, ]. Flint, M. Damgaard, P.K. Bonfils, A.S. Cheng, S. Aggarwal, S.

Velmurugan, M. Mendonca, M. Rashid, S. Kang, F. Papalia, S. Weissert, C.J.

Coats, M. Thomas, M. Kuskowski, ].N. Cohn, S. Woldman, LS. Anand, D.O.

Okonko, Calculated plasma volume status and prognosis in chronic heart

failure, Eur. J. Heart Fail. 17 (2015) 35-43, https://doi.org/10.1002/ejhf.193.

A. Yoshihisa, S. Abe, Y. Sato, S. Watanabe, T. Yokokawa, S. Miura, T. Misaka, T.

Sato, S. Suzuki, M. Oikawa, A. Kobayashi, T. Yamaki, H. Kunii, S.I. Saitoh, Y.

Takeishi, Plasma volume status predicts prognosis in patients with acute heart

failure syndromes, Eur. Heart J. Acute Cardiovasc. Care 7 (2018) 330-338,

https://doi.org/10.1177/2048872617690889.

M. Kobayashi, P. Rossignol, J.P. Ferreira, I. Aragdo, Y. Paku, Y. Iwasaki, M.

Watanabe, M. Fudim, K. Duarte, F. Zannad, N. Girerd, Prognostic value of

estimated plasma volume in acute heart failure in three cohort studies, Clin.

Res. Cardiol. 108 (2019) 549-561, https://doi.org/10.1007/s00392-018-1385-

1.

T. Chouihed, P. Rossignol, A. Bassand, K. Duarte, M. Kobayashi, D. Jaeger, S.

Sadoune, A. Buessler, L. Nace, G. Giacomin, T. Hutter, F. Barbé, S. Salignac, N.

Jay, F. Zannad, N. Girerd, Diagnostic and prognostic value of plasma volume

status at emergency department admission in dyspneic patients: results from

the PARADISE cohort, Clin. Res. Cardiol. 108 (2019) 563-573, https://doi.org/
10.1007/s00392-018-1388-y.

[8] J.L. Grodin, S. Philips, W. Mullens, P. Nijst, P. Martens, J.C. Fang, M.H. Drazner,

W.H.W. Tang, A. Pandey, Prognostic implications of plasma volume status

estimates in heart failure with preserved ejection fraction: insights from

TOPCAT, Eur. J. Heart Fail. 21 (2019) 634-642, https://doi.org/10.1002/

ejhf.1407.

K. Kinjo, H. Sato, Y. Sakata, D. Nakatani, H. Mizuno, M. Shimizu, et al., Impact of

smoking status on long-term mortality in patients with acute myocardial

infarction, Circ. J. 69 (2005) 7-12, https://doi.org/10.1253/circj.69.7.

[10] D. Nakatani, H. Sato, Y. Sakata, I. Shiotani, K. Kinjo, H. Mizuno, et al., Influence
of serotonin transporter gene polymorphism on depressive symptoms and
new cardiac events after acute myocardial infarction, Am. Heart J. 150 (2005)
652-658, https://doi.org/10.1016/j.ahj.2005.03.062.

[11] T. Kurotobi, H. Sato, K. Kinjo, D. Nakatani, H. Mizuno, M. Shimizu, et al.,
Reduced collateral circulation to the infarct-related artery in elderly patients
with acute myocardial infarction, J. Am. Coll. Cardiol. 44 (2004) 28-34, https://
doi.org/10.1016/j.jacc.2003.11.066.

[12] S. Suna, Y. Sakata, D. Nakatani, K. Okuda, M. Shimizu, M. Usami, S. Matsumoto,
M. Hara, K. Ozaki, H. Mizuno, T. Minamino, S. Takashima, M. Nishino, Y.
Matsumura, H. Takeda, T. Tanaka, H. Sato, M. Hori, I. Komuro, Decreased
mortality associated with statin treatment in patients with acute myocardial
infarction and lymphotoxin-alpha C804A polymorphism, Atherosclerosis 227
(2013) 373-379.

[13] R.M. Hakim, Plasmapheresis, in: J.T. Daugirdas, P.G. Blake, T.S. Ing (Eds.),
Handbook of Dialysis, 3rd ed., Lippincott, Williams and Wilkins, Philadelphia,
2001, p. p236.

[14] D. Longo, Body fluids and other mass data, in: D.L. Longo, A.S. Fauci, D.L.
Kasper, S.L. Hauser, J.L. Jameson, ]. Loscalzo (Eds.), Harrison’s Principles of
Internal Medicine, 18th edn., McGraw-Hill, New York, 2011, p. p.A-1..

[15] Y. Kanda, Investigation of the freely available easy-to-use software‘EZR’ for
medical statistics, Bone Marrow Transplant. 48 (2013) 452-458, https://doi.
org/10.1038/bmt.2012.244.

[16] D.A. Morrow, E.M. Antman, A. Charlesworth, R. Cairns, S.A. Murphy, J.A. de
Lemos, R.P. Giugliano, C.H. McCabe, E. Braunwald, TIMI risk score for ST-
elevation myocardial infarction: A convenient, bedside, clinical score for risk
assessment at presentation: An intravenous nPA for treatment of infarcting
myocardium early II trial substudy, Circulation 102 (2000) 2031-2037, https://
doi.org/10.1161/01.¢ir.102.17.2031.

[17] The GRACE Investigators, Rationale and design of the GRACE (Global Registry
of Acute Coronary Events) project: a multinational registry of patients
hospitalized with acute coronary syndromes, Am. Heart J. 141 (2001) 190-
199, https://doi.org/10.1067/mhj.2001.112404.

[18] K.A. Eagle, M.]. Lim, O.H. Dabbous, K.S. Pieper, R.J. Goldberg, F. Van de Werf, S.
G. Goodman, C.B. Granger, P.G. Steg, ].M. Gore, A. Budaj, A. Avezum, M.D.
Flather, K.A. Fox, GRACE Investigators, A validated prediction model for all
forms of acute coronary syndrome: estimating the risk of 6-month post
discharge death in an international registry, JAMA. 291 (2004) 2727-2733.
doi: 10.1001/jama.291.22.2727

[19] E.A. Amsterdam, N.K. Wenger, R.G. Brindis, D.E. Casey ]Jr, T.G. Ganiats, D.R.
Holmes Jr, A.S. Jaffe, H. Jneid, R.F. Kelly, M.C. Kontos, G.N. Levine, P.R. Liebson,
D. Mukherjee, E.D. Peterson, M.S. Sabatine, R.W. Smalling, S.J. Zieman, ACC/
AHA Task Force Members, AHA/ACC guideline for the management of patients

[4

[5

[6

17

[9

[JC Heart & Vasculature 33 (2021) 100748

with non-ST-elevation acute coronary syndromes: a report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines, Circulation 2014 (130) (2014), https://doi.org/10.1161/
CIR.0000000000000134, e344-426.

[20] M. Roffi, C. Patrono, J.P. Collet, C. Mueller, M. Valgimigli, F. Andreotti, ].J. Bax, M.
A. Borger, C. Brotons, D.P. Chew, B. Gencer, G. Hasenfuss, K. Kjeldsen, P.
Lancellotti, U. Landmesser, J. Mehilli, D. Mukherjee, R.F. Storey, S. Windecker,
ESC Scientific Document Group. 2015 ESC Guidelines for the management of
acute coronary syndromes in patients presenting without persistent ST-
segment elevation: Task Force for the Management of Acute Coronary
Syndromes in Patients Presenting without Persistent ST-Segment Elevation
of the European Society of Cardiology (ESC). Eur. Heart J. 37 (2016) 267-315.
doi: 10.1093/eurheartj/ehv320

[21] K.A. Fox, G. Fitzgerald, E. Puymirat, W. Huang, K. Carruthers, T. Simon, P. Coste,
J. Monsegu, P. Gabriel Steg, N. Danchin, F. Anderson, Should patients with
acute coronary disease be stratified for management according to their risk?
Derivation, external validation and outcomes using the updated GRACE risk
score, BM] Open. (2014) e004425, https://doi.org/10.1136/bmjopen-2013-
004425.

[22] W. Huang, G. FitzGerald, R.J. Goldberg, ]. Gore, R.H. McManus, H. Awad, M.E.
Waring, ]. Allison, J.S. Saczynski, C.I. Kiefe, K.A. Fox, F.A. Anderson, D.D.
McManus, TRACE-CORE Investigators, Performance of the GRACE Risk Score
2.0 Simplified Algorithm for Predicting 1-Year Death After Hospitalization for
an Acute Coronary Syndrome in a Contemporary Multiracial Cohort, Am. J.
Cardiol. 118 (2016) 1105-1110, https://doi.org/10.1016/j.
amjcard.2016.07.029.

[23] A.M. Maznyczka, M.F. Barakat, B. Ussen, A. Kaura, H. Abu-Own, F. Jouhra, H.
Jaumdally, G. Amin-Youssef, N. Nicou, M. Baghai, R. Deshpande, O. Wendler, S.
Kolvekar, D.O. Okonko, Calculated plasma volume status and outcomes in
patients undergoing coronary bypass graft surgery, Heart 105 (2019) 1020-
1026, https://doi.org/10.1136/heartjnl-2018-314246.

[24] L. Kober, C. Torp-Pedersen, O.D. Pedersen, et al., on behalf of the TRACE study
group. Importance of congestive heart failure and interaction of congestive
heart failure and left ventricular systolic function on prognosis in patients
with acute myocardial infarction, Am. J. Cardiol. 78 (1996) 1124-1128, https://
doi.org/10.1016/s0002-9149(96)90064-8.

[25] E.F. Lewis, EJ. Velazquez, S.D. Solomon, A.S. Hellkamp, ]J.J. McMurray, ]J.
Mathias, J.L. Rouleau, A.P. Maggioni, K. Swedberg, L. Kober, H. White, AJ. Dalby,
G.S. Francis, F. Zannad, RM. Califf, M.A. Pfeffer, Predictors of the first heart
failure hospitalization in patients who are stable survivors of myocardial
infarction complicated by pulmonary congestion and/or left ventricular
dysfunction: a VALIANT study, Eur. Heart J. 29 (2008) 748-756, https://doi.
org/10.1093/eurheartj/ehn062.

[26] K. Pieszko, ]. Hiczkiewicz, P. Budzianowski, ]. Budzianowski, ]. RzeZniczak, K.
Pieszko, P. Burchardt, Predicting long-term mortality after acute coronary
syndrome using machine learning techniques and hematological markers, Dis.
Markers 2019 (2019) 9056402, https://doi.org/10.1155/2019/9056402.

[27] A. Ahmed, A. Husain, T.E. Love, G. Gambassi, L.J. Dell'ltalia, G.S. Francis, et al.,
Heart failure, chronic diuretic use, and increase in mortality and
hospitalization: An observational study using propensity score methods, Eur.
Heart J. 27 (2006) 1431-1439, https://doi.org/10.1093/eurheartj/ehi890.

[28] K. Damman, J. Kjekshus, J. Wikstrand, J.G. Cleland, M. Komajda, H. Wedel, F.
Waagstein, J.J. McMurray, Loop diuretics, renal function and clinical outcome
in patients with heart failure and reduced ejection fraction, Eur. J. Heart Fail.
18 (2016) 328-336, https://doi.org/10.1002/ejhf.462.

[29] Nomenclature and criteria for diagnosis of ischemic heart disease. Report of
the Joint International Society and Federation of Cardiology/World Health
Organization task force on standardization of clinical nomenclature.
Circulation 59 (1979) 607-609. doi: 10.1161/01.cir.59.3.607.

[30] J.S. Alpert, K. Thygesen, E. Antman, J.P. Bassand, Myocardial infarction
redefined-a consensus document of The Joint European Society of
Cardiology/American College of Cardiology Committee for the redefinition of
myocardial infarction, Am. Coll. Cardiol. 36 (2000) 959-969, https://doi.org/
10.1016/s0735-1097(00)00804-4.

[31] A. Garcia-Alvarez, A. Regueiro, J. Hernandez, G. Kasa, M. Sitges, X. Bosch, M.
Heras, Additional value of B-type natriuretic peptide on discrimination of
patients at risk for mortality after a non-ST-segment elevation acute coronary
syndrome, Eur. Heart J. Acute Cardiovasc. Care. 3 (2014) 132-140, https://doi.
org/10.1177/2048872614520753.

[32] J. Parenica, P. Kala, M.G. Pavkova, J. Tomandl, J. Spinar, S. Littnerova, ]J.
Jarkovsky, A. Mebazaa, M. Tomandlova, M. Dastych, J. Gottwaldova, E. Gayat,
Natriuretic peptides, nitrite/nitrate and superoxide dismutase have additional
value on top of the GRACE score in prediction of one-year mortality and
rehospitalisation for heart failure in STEMI patients - Multiple biomarkers
prospective cohort study, Int. J. Cardiol. 211 (2016) 96-104, https://doi.org/
10.1016/j.ijcard.2016.02.135.


https://doi.org/10.1016/j.ahj.2006.10.004
https://doi.org/10.1016/j.ahj.2006.10.004
https://doi.org/10.1002/ejhf.193
https://doi.org/10.1177/2048872617690889
https://doi.org/10.1007/s00392-018-1385-1
https://doi.org/10.1007/s00392-018-1385-1
https://doi.org/10.1007/s00392-018-1388-y
https://doi.org/10.1007/s00392-018-1388-y
https://doi.org/10.1002/ejhf.1407
https://doi.org/10.1002/ejhf.1407
https://doi.org/10.1253/circj.69.7
https://doi.org/10.1016/j.ahj.2005.03.062
https://doi.org/10.1016/j.jacc.2003.11.066
https://doi.org/10.1016/j.jacc.2003.11.066
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0060
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0060
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0060
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0060
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0060
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0060
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0065
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0065
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0065
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0065
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0065
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0065
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0065
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
http://refhub.elsevier.com/S2352-9067(21)00036-1/h0070
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1161/01.cir.102.17.2031
https://doi.org/10.1161/01.cir.102.17.2031
https://doi.org/10.1067/mhj.2001.112404
https://doi.org/10.1161/CIR.0000000000000134
https://doi.org/10.1161/CIR.0000000000000134
https://doi.org/10.1136/bmjopen-2013-004425
https://doi.org/10.1136/bmjopen-2013-004425
https://doi.org/10.1016/j.amjcard.2016.07.029
https://doi.org/10.1016/j.amjcard.2016.07.029
https://doi.org/10.1136/heartjnl-2018-314246
https://doi.org/10.1016/s0002-9149(96)90064-8
https://doi.org/10.1016/s0002-9149(96)90064-8
https://doi.org/10.1093/eurheartj/ehn062
https://doi.org/10.1093/eurheartj/ehn062
https://doi.org/10.1155/2019/9056402
https://doi.org/10.1093/eurheartj/ehi890
https://doi.org/10.1002/ejhf.462
https://doi.org/10.1016/s0735-1097(00)00804-4
https://doi.org/10.1016/s0735-1097(00)00804-4
https://doi.org/10.1177/2048872614520753
https://doi.org/10.1177/2048872614520753
https://doi.org/10.1016/j.ijcard.2016.02.135
https://doi.org/10.1016/j.ijcard.2016.02.135

	Clinical impact of estimated plasma volume status and its additive effect with the GRACE risk score on in-hospital and long-term mortality for acute myocardial infarction
	1 Introduction
	2 Methods
	2.1 The OACIS registry and study patients
	2.2 Data collection
	2.3 Estimated plasma volume status
	2.4 Calculation of the GRACE risk score
	2.5 Outcomes and follow-up
	2.6 Statistical analysis

	3 Results
	3.1 Clinical characteristics
	3.2 In-hospital and 5-year mortality
	3.3 Effect of combining ePVS and the GRACE risk score

	4 Discussion
	5 Study limitations
	6 Conclusions
	Declaration of Competing Interest
	ack18
	Acknowledgement
	Appendix A 
	Appendix B Supplementary material
	References


