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Abstract
Background Unde�ned adequate hydration may increase the risk of postoperative acute heart failure
(AHF) while reducing the risk of contrast-induced acute kidney injury (CI-AKI) in patients with acute
myocardial infarction (AMI). No relevant study exists regarding the association of postoperative AHF and
long-term prognosis. This study is to evaluate the all-cause long-term mortality and establish a
nomogram model for predicting postoperative AHF in this patient group. Methods In this prospective
observational study, 1312 AMI patients undergoing coronary angiography (CAG) were included in the �nal
analysis. Patients were assigned into a non-postoperative AHF-group (n=1235) or a postoperative AHF-
group (n=77). The diagnosis of postoperative AHF was based on assessing symptom history, prior
cardiovascular history, and potential cardiac and non-cardiac precipitants. Results The overall incidence
of postoperative AHF was 77/1312 (5.9%). The incidence of all-cause long-term mortality was
signi�cantly higher in the postoperative AHF-group than in the non-postoperative AHF-group (50.6% vs.
17.0%, P<0.01). The median follow-up period was 7.0 years (interquartile range: 5.5 – 8.7). After adjusting
for female, LVEF, eGFR, anemia, hypertension, diabetes mellitus, and PCI, postoperative AHF was the
strongest predictor of all-cause long-term mortality (hazard ratio: 3.11; 95% CI: 1.83 – 5.30; P<0.01). A
nomogram developed based on the four variables was with the AUC 0.83 on internal validation.
Calibration curve showed that the predicted and actual probabilities of postoperative AHF were �tted well.
Conclusions In patients with AMI undergoing CAG, postoperative AHF is the strongest predictor of all-
cause long-term mortality. The nomogram showed an effective value of predicting postoperative AHF
using preoperative predictions.

Background
Patients with acute myocardial infarction (AMI) have a higher risk of contrast-induced acute kidney injury
(CI-AKI), which is associated with increased mortality and substantial increases in health care costs after
the coronary angiography (CAG) or percutaneous coronary intervention (PCI) [1–6]. The periprocedural
administration of adequate intravenous hydration has been the mainstay of preventing CI-AKI during
CAG/PCI [7–9]. However, the most effective regimen of adequate hydration in AMI patients has not been
determined [10, 11]. Unde�ned adequate hydration may lead to an increased risk of postoperative acute
heart failure (AHF) in patients with impaired cardiac function [12, 13]. Previous studies showed that in ST-
segment elevation myocardial infarction (STEMI) patients treated with primary PCI, AHF during
hospitalization increased the risk of short-term mortality [14, 15]. However, relevant studies focusing on
the association of postoperative AHF and all-cause long-term mortality in AMI patients are scarce. No
clinical prediction model of postoperative AHF exists, either. Our study aimed to clarify this issue.

Methods

Subjects
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This was a single-center, prospective observational study (PRECOMIN, ClinicalTrials.gov NCT01400295).
From January 2010 to December 2013, we enrolled patients aged ≥ 18 years who continued to be
hospitalized for 2 to 3 days after CAG. Exclusion criteria were set according to the International Society of
Radiology guidelines [16] and previous studies [17, 18]. In total, 1312 patients with AMI undergoing CAG
in our center were included in the �nal analysis. Follow-up information were obtained by clinical nurses
through outpatient service revisit and telephone at 1, 6, 12, 24, and 36 months after CAG. The median
follow-up period was 7.0 years (interquartile range: 5.5–8.7). The institutional ethical committees
consented the study, and all subjects provided written informed consent.

Percutaneous coronary intervention
PCI was performed by experienced interventional cardiologists according to standard clinical practice
using a standard technique. Patients were treated according to the standardization of clinical routines [7,
9]. According to the local clinical practices [17], the serum creatinine levels were measured at hospital
admission and within 2 to 3 days after CAG/PCI. We evaluated estimated glomerular �ltration rate (eGFR)
using the Modi�cation of Diet in Renal Disease (MDRD) equation [19]. Patients undergoing elective PCI
received continuous hydration therapy with normal saline at a rate of 0.5–1 ml/kg/h for at least 2–12 h
before and 6–24 h after the procedure. Patients undergoing primary PCI received unlimited hydration
therapy before the procedure.

De�nition
AMI was de�ned according to the universal de�nition of myocardial infarction [20, 21]. Postoperative AHF
can be de�ned as a rapid change in signs and symptoms in patients with CHF or new-onset heart failure
(HF) that requires urgent therapy after CAG/PCI. The diagnosis of postoperative AHF was according to a
detailed history of symptoms, previous cardiovascular events, the evaluation of signs/symptoms of
congestion and/or low perfusion by physical test with further con�rmation by speci�c investigations
such as ECG, chest X-ray, laboratory test (with cardiac biomarkers), and echocardiography [22, 23].

Statistical analysis
Comparisons between normally distributed continuous variables, expressed as the mean ± SD, were
performed using t tests; non-normally distributed continuous variables, presented as the median and
interquartile range, were analyzed using Wilcoxon rank-sum tests. The Pearson χ2 or Fisher exact tests
were used for categorical data. Cox proportional hazards regression analyses were performed and
included the following potential factors: postoperative AHF, female, LVEF, eGFR, anemia, hypertension,
diabetes mellitus (DM), and PCI. A follow-up analysis was performed using time-to-event data (for which
patients were censored at the time of withdrawal from the study or at the last follow-up), with the event
rates estimated by Kaplan–Meier methods and compared with the log-rank test. The signi�cance of each
variable was assessed by univariate logistic regression analysis to investigate the independent risk
factors of postoperative AHF. All risk factors signi�cantly associated with postoperative AHF were
selected for following multivariate analysis. We developed a nomogram according to the results of
multivariate logistic regression analysis. The nomogram is based on proportionally transforming each
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regression coe�cient in multivariate logistic regression to a 0- to 100-point scale. The effect of the
variable with the highest β coe�cient (absolute value) is de�ned as 100 points. The points are added
across independent variables to generate total points, which are transformed to predicted probabilities.
The predictive performance of the nomogram was measured by the concordance index (C index) and
calibration curve. Internal validation was performed via a bootstrap method with 1000 resamples. Data
analyses were done in R software version 3.6.1 (http://www.r-project.org). A two-sided P < 0.05 was
deemed signi�cant.

Results
A total of 1312 eligible patients were included and divided into a non-postoperative AHF-group (n = 1235)
and a postoperative AHF-group (n = 77). No decompensated HF occurred in all patients before CAG.
Patients in the postoperative AHF group were more likely to be female, and have older age, anemia, DM,
increased heart rate, increased calcium channel blocker (CCB) usage, diuretic usage compared to those in
the non-postoperative AHF group. Patients in the postoperative AHF group also presented with worse
cardiac function, decreased renal function, decreased ACEI/ARB usage, and beta blocker usage. The ratio
of previous myocardial infarction (MI), hypertension, hyperlipidemia, preoperative systolic blood pressure
(SBP), preoperative diastolic blood pressure (DBP), the ratio of preoperative low blood pressure (LBP),
and lesion > 1 were not signi�cantly different between the groups (Table 1).
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Table 1
Baseline characteristics of the patients.*

Characteristic Non-postoperative AHF (N = 
1235)

Postoperative AHF (N = 
77)

P
Value

Demographic      

Age — yr 61.2 ± 12.0 68.8 ± 12.5 < 0.01

Age > 75 year — no.(%) 172 (13.9) 25 (32.5) < 0.01

Female — no.(%) 188 (15.2) 23 (29.9) < 0.01

LVEF — % 54.4 ± 10.6 45.0 ± 12.0 < 0.01

LVEF < 40% — no. (%) 110 (8.9) 24 (31.2) < 0.01

Killip class > 1 — no. (%) 259 (21.0) 47 (61.0) < 0.01

Medical history      

Previous MI—no.(%) 51 (4.1) 2 (2.6) 0.77

Hypertension—no.(%) 600 (48.6) 51 (66.2) < 0.01

Hyperlipidemia—no.(%) 193 (15.6) 10 (13.0) 0.53

Anemia—no.(%) 398 (32.2) 35 (45.5) 0.02

Diabetes mellitus—no.(%) 242 (19.6) 26 (33.8) < 0.01

Smoking—no.(%) 607 (49.1) 22 (28.6) < 0.01

Laboratory test      

eGFR, ml/min/1.73 m2 81.4 ± 26.1 62.1 ± 29.5 < 0.01

eGFR < 
60 ml/min/1.73 m2

223 (18.1) 40 (51.9) < 0.01

Procedure      

PCI—no.(%) 809 (65.5) 31 (40.3) 0.50

Lesion > 1—no.(%) 653 (52.9) 27 (35.1) 0.49

Preoperative SBP, mmHg 122.0 ± 19.9 121.5 ± 24.8 0.86

Preoperative DBP, mmHg 73.5 ± 11.8 74.3 ± 13.9 0.62

* Plus–minus values are mean ± SD. AHF: acute heart failure. IQR: interquartile range. LVEF: left
ventricular ejection fraction. MI: myocardial infarction. eGFR: estimated glomerular �ltration rate. PCI:
percutaneous coronary intervention. SBP: systolic blood pressure. DBP: diastolic blood pressure. LBP:
low blood pressure. HR: heart rate. ACEI/ARB: angiotension-converting enzyme inhibitor/angiotension
receptor blocker. CCB: calcium channel blockers.
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Characteristic Non-postoperative AHF (N = 
1235)

Postoperative AHF (N = 
77)

P
Value

Preoperative LBP—no.(%) 125 (10.1) 11 (14.3) 0.23

Preoperative HR, bpm 77 ± 15 88 ± 20 < 0.01

Medication      

ACEI/ARB — no.(%) 1106 (89.6) 62 (80.5) 0.01

Beta blockers — no.(%) 1025 (83.0) 51 (66.2) < 0.01

CCB — no.(%) 101 (8.2) 10 (13.0) 0.14

Diuretic — no.(%) 345 (27.9) 61 (79.2) < 0.01

* Plus–minus values are mean ± SD. AHF: acute heart failure. IQR: interquartile range. LVEF: left
ventricular ejection fraction. MI: myocardial infarction. eGFR: estimated glomerular �ltration rate. PCI:
percutaneous coronary intervention. SBP: systolic blood pressure. DBP: diastolic blood pressure. LBP:
low blood pressure. HR: heart rate. ACEI/ARB: angiotension-converting enzyme inhibitor/angiotension
receptor blocker. CCB: calcium channel blockers.
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Table 2
Univariate and multivariate logistic regression analysis of postoperative AHF

Variable Univariate Multivariate

OR (95% CI) P value OR (95% CI) β P value

Age 1.06 (1.04–1.08) < 0.01      

Age > 75 year 3.05 (1.87–4.97) < 0.01 2.01 (1.05–3.83) 0.70 0.03

Female 2.37 (1.42–3.96) < 0.01 1.44 (0.74–2.80) 0.37 0.28

LVEF 0.93 (0.91–0.95) < 0.01      

LVEF < 40% 4.56 (2.69–7.72) < 0.01 3.08 (1.59–5.97) 1.12 < 0.01

Killip class > 1 7.17 (4.17–12.32) < 0.01 4.36 (2.38–7.99) 1.47 < 0.01

Hypertension 2.07 (1.28–3.37) < 0.01 1.52 (0.83–2.80) 0.42 0.17

Anemia 1.77 (1.11–2.83) 0.02 1.27 (0.70–2.29) 0.24 0.43

Diabetes mellitus 2.09 (1.28–3.42) < 0.01 1.26 (0.67–2.39) 0.23 0.48

Smoking 0.41 (0.25–0.69) < 0.01      

eGFR 0.97 (0.96–0.98) < 0.01      

eGFR < 60 4.99 (3.11-8.00) < 0.01 2.41 (1.30–4.47) 0.88 < 0.01

Pre-PCI HR 1.04 (1.03–1.06) < 0.01 1.03 (1.01–1.04) 0.03 < 0.01

ACEI/ARB 0.48 (0.26–0.87) 0.01      

Beta-blockers 0.40 (0.24–0.66) < 0.01      

Diuretic 9.84 (5.59–17.29) < 0.01      

Abbreviations: AHF: acute heart failure; OR: odds ratio; CI: con�dence interval; LVEF: left ventricular
ejection fraction; eGFR: estimated glomerular �ltration rate; PCI: percutaneous coronary intervention;
HR: heart failure; ACEI/ARB: angiotensin-converting enzyme inhibitor/ angiotensin receptor blocker

The median follow-up period was 7.0 years (interquartile range: 5.5–8.7), and data were available for all
subjects who survived to discharge. In total, 39 of the 77 (50.6%) patients died in long-term follow-up in
the postoperative AHF group, while 210 of the 1235 (17.0%) patients died in long-term follow-up in the
non-postoperative AHF group. Log-rank survival analyses revealed that patients in the postoperative AHF
group showed worse survival rates than patients in the non-postoperative AHF group (log-rank P < 0.001;
Fig. 1).

Potential predictive factors for all-cause long-term mortality including postoperative AHF, female, LVEF,
eGFR, anemia, hypertension, diabetes mellitus, and PCI were evaluated using multivariable cox regression
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analysis. Postoperative AHF was the strongest predictor of all-cause long-term mortality (HR: 3.11, 95%
CI: 1.83–5.30, P < 0.01; Fig. 2). LVEF and eGFR were also associated with all-cause long-term mortality (C-
index = 0.86).

Based on the result of the multivariate analysis, age > 75 years (2.01 [1.05–3.83]), eGFR < 
60 ml/min/1.73m² (2.41 [1.30–4.47]), LVEF < 40% on admission (3.08 [1.59–5.97]) and Killip class > 1 on
admission (4.36 [2.38–7.99]) were independently associated with postoperative AHF. These variables
were selected to create a nomogram for predicting postoperative AHF (Fig. 3). The �nal model was
internally validated using the bootstrap validation method and show a certain prediction e�ciency in the
risk of postoperative AHF. The unadjusted C index was 0.83. After a bootstrap-correction, the C index
showed no signi�cant change. The calibration curve graphically presented highly consistence on the
occurrence of postoperative AHF between the risk estimation by the nomogram and clinical diagnosis of
postoperative AHF (Fig. 4).

Discussion
For all we know, this is the �rst study exploring the association of postoperative AHF and all-cause long-
term mortality in AMI patients undergoing CAG/PCI. Our results show that postoperative AHF is the
strongest predictor of all-cause long-term mortality. Furthermore, LVEF and eGFR were also independent
predictors of all-cause long-term mortality in this patient group. In the National Registry of Myocardial
Infarction (NRMI) -2 and − 3, the incidence of HF on admission was 20.4% [24]. In the Global Registry of
Acute Coronary Events (GRACE), 15.6% of the patients presented with signs of HF on admission [25]. In
general, the incidence of HF during hospitalization is signi�cantly lower than in earlier studies (40%-50%)
[26]. In general, the incidence of HF after AMI is on the decline. However, in our study of AMI patients
undergoing CAG, we were �rst to report the incidence of postoperative AHF (5.9%) but not HF during
hospitalization. The incidence of postoperative AHF, which was not present before CAG, was probably
related to the undetermined adequate hydration during CAG/PCI in our center. Although it has been
con�rmed that PCI is bene�cial to reducing myocardial infarction size and preventing cardiac dysfunction
[27, 28], the proportion of primary PCI in our center is low, which represents the overall treatment status of
AMI in middle-income areas in China. According to the baseline characteristic in our study, the early
revascularization of culprit vessels may alleviate myocardial injury and reduce the risk of postoperative
AHF. Patients in the postoperative AHF group were more likely to have older age, anemia, DM, increased
heart rate, increased CCB usage, and diuretic usage compared to those in the non-postoperative AHF
group. Patients in the postoperative AHF group also presented with worse cardiac function, decreased
renal function and decreased ACEI/ARB and beta blocker usage. These data con�rm that AMI patients
were less likely to receive clear bene�t from primary PCI if they had the following characteristics:
occurrence of postoperative AHF, impaired cardiac function, renal insu�ciency, and multivessel disease.
An earlier study found that although the extensive application of primary PCI in AMI patients may reduce
the risk of HF during hospitalization when HF develops, the short-term prognosis (1 and 6 months after
discharge) remains poor [15]. Another recent study con�rmed that HF during hospitalization was
associated with in-hospital mortality in STEMI patients undergoing primary PCI [14]. Our study focused
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on exploring the association of postoperative AHF and all-cause long-term mortality in AMI patients
undergoing CAG/PCI. Based on those preoperative predictions in the nomogram, our predictive model for
postoperative AHF might serve as a guide for clinicians in the early identi�cation of patients at high risk
of postoperative AHF, leading to prompt intervention. The results of our study facilitate the further
exploration of potential clinical intervention targets for preventing postoperative AHF in AMI patients
undergoing CAG/PCI.

Limitation
There are some limitations to this study. First, this was a prospective, observational study that was
implemented in a single center, and the sampling bias and generalizability of the study results to other
regions are potential concerns. Our center, however, is the most representative cardiovascular center in
southern China. It includes a relatively large number of patients undergoing CAG/PCI, and our results
comprise the complete assessment of current practice patterns in China. The cohort in our study is
representative of the patient population commonly referred to centers in low-income and middle-income
countries for CAG/PCI in the real world. Second, patients with cardiogenic shock were not included in our
�nal analysis although this patient group has the most severe HF. The impact of a different PCI strategy
in STEMI patients with cardiogenic shock has been discussed in several previous studies. Finally, patients
undergoing elective PCI received a continuous hydration therapy of isotonic saline at a speed of 0.5–
1 mL/kg/h for at least 2–12 hours before and continuing 6–24 hours after the procedure, while patients
undergoing primary PCI received unlimited hydration therapy before the procedure. We did not, however,
compare the difference in hydration volume and velocity between these two groups. First-line drugs, such
as ACEI/ARB, beta blockers, and diuretics, were not used adequately. These confounding factors might
have in�uenced the occurrence of AHF and all-cause long-term mortality. However, we did adjust for the
important clinical variables in a Cox regression model including female, LVEF, eGFR, anemia,
hypertension, diabetes mellitus, and PCI. The C-index of the model shows moderate accuracy.

Conclusions
In patients with AMI undergoing CAG, postoperative AHF is the strongest predictor of all-cause long-term
mortality. The nomogram showed an effective value of predicting postoperative AHF prior to CAG. Using
the model, the risk of each individual AMI patient developing postoperative AHF can be estimated, which
is bene�cial for clinicians in making early clinical decisions.

Abbreviations
ACEI/ARB:angiotension-converting enzyme inhibitor/angiotension receptor blocker; AHF:acute heart
failure; CCB:calcium channel blockers; CI:con�dence interval; DBP:diastolic blood pressure;
eGFR:estimated glomerular �ltration rate; HR:heart rate; IQR:interquartile range; LBP:low blood pressure;
LVEF:left ventricular ejection fraction; MI:myocardial infarction; OR:odds ratio; PCI:percutaneous coronary
intervention; SBP:systolic blood pressure
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Figure 1

Kaplan–Meier estimates of long-term mortality according to postoperative AHF
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Figure 2

Predictive factors for long-term mortality in multivariable Cox regression analysis
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Figure 3

Nomogram to estimate the risk of postoperative AHF
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Figure 4

The calibration curve for predicting postoperative AHF in the primary cohort


