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Cardiac remodeling on
echocardiogram is related to
contrast-associated acute kidney
injury after coronary angiography:
a cross-section study
Qingqing Chen1†, Duanbin Li2,3†, Hangpan Jiang4, Tianli Hu4,
Yecheng Tao2, Changqing Du1* and Wenbin Zhang2,3*
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Background: Cardiac dysfunction is a well-established risk factor for contrast-
associated acute kidney injury (CA-AKI). Nevertheless, the relationship between
cardiac remodeling, as assessed by echocardiography, and CA-AKI remains
uncertain.
Method: A total of 3,241 patients undergoing coronary angiography (CAG) with/
without percutaneous coronary intervention (PCI) were enrolled in this
retrospective study. Collected echocardiographic parameters were normalized
by body surface area (BSA) and divided according to quartile, including the left
ventricular internal end-diastolic diameter index (LVIDDI), left ventricular internal
end-systolic diameter index (LVIDSI), and left ventricular mass index (LVMI).
Logistic regression analysis was conducted to ascertain the association between
structural parameter changes and CA-AKI. Further investigation was performed
in different subgroups.
Results: The mean age of the participants was 66.6 years, and 16.3% suffered from
CA-AKI. LVIDSI [≥22.9 mm/m2: OR = 1.953, 95%CI (1.459 to 2.615), P < 0.001],
LVIDDI [≥33.2 mm/m2: OR = 1.443, 95%CI (1.087 to 1.914), P=0.011], and LVMI
[≥141.0 g/m2: OR = 1.530, 95%CI (1.146 to 2.044), P= 0.004] in quartile were
positively associated with CA-AKI risk in general (all P for trend <0.05). These
associations were consistent when stratified by age, left ventricular ejection
fraction, estimated glomerular filtration rate, and N-terminal brain natriuretic
peptide (all P for interaction >0.05). The presence of eccentric hypertrophy
[OR = 1.400, 95%CI (1.093 to 1.793), P=0.008] and the coexistence of
hypertrophy and dilation [OR = 1.397, 95%CI (1.091 to 1.789), P= 0.008] carried a
higher CA-AKI risk.
Conclusion: The presence of cardiac remodeling, assessed by echocardiography,
is associated with a higher risk of CA-AKI.
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1. Introduction

Contrast-associated acute kidney injury (CA-AKI) is a dreadful

complication characterized by a rapid deterioration of renal

function within 72 h after administrating the iodine contrast

medium (1). The incidence of CA-AKI has increased recently

following the widespread application of coronary angiography

(CAG) and percutaneous coronary intervention (PCI) to

diagnose and treat coronary artery disease (CAD) (2).

CA-AKI has been ranked as the third most common cause of

nosocomial acute kidney injury in the United States, with a 30%

rate among patients undergoing CAG/PCI (1). Patients suffering

from CA-AKI tend to confront longer hospitalization but worse

long-term prognosis and even permanently damaged renal

function (3). Therefore, as for patients receiving CAG/PCI,

CA-AKI has been a growing health concern, and targeting

patients with a high risk of CA-AKI is imperative for clinicians.

Existing research has demonstrated the significant association of

impaired organ function with CA-AKI risk, such as cardiac

dysfunction (4, 5).

Cardiac dysfunction commonly accompanies cardiac

remodeling, which involves both functional and structural

changes. Cardiac remodeling occurs in both cardiovascular and

non-cardiovascular diseases in compensatory response to the

overload (6). More than a compensatory change, cardiac

remodeling not only plays a formidable role in the progression of

cardiac dysfunction to heart failure but also participates in the

functional impairment of the kidney (7). Accumulating evidence

demonstrates the remarkable correlation between cardiac

remodeling and the development of chronic kidney disease

(CKD); in turn, impaired renal function is more susceptible to

developing into cardiac remodeling (8, 9). As for patients

undergoing operation, hemodynamic perturbation caused by

decreased cardiac function can be attributed to postoperative

acute kidney injury (10, 11). Nevertheless, the association

between the presence of cardiac remodeling and CA-AKI risk

after CAG/PCI remains unknown.

Accordingly, the current retrospective research was conducted

to figure out the association of cardiac remodeling with CA-AKI

risk in a cohort of CAG patients undergoing CAG/PCI. With the

help of an echocardiogram, certain structural parameters were

measured to evaluate cardiac remodeling (6). Further

investigation into the association between different patterns of

cardiac remodeling and CA-AKI risk was also conducted.
2. Materials and methods

2.1. Study design

Conforming to the STROBE (Strengthening the Reporting of

Observational Studies in Epidemiology) guidelines, this cross-

section study was conducted to explore the association of

structural and functional cardiac remodeling on an

echocardiogram with the risk of CA-AKI (12). A large cohort of
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CAD patients was consequently recruited at Sir Run Run Shaw

Hospital from March 2018 to February 2022 (Supplementary

Figure S1). The inclusion criteria for the enrolled patients were

set as follows: (1) had undergone CAG/PCI operation; (2) had

available Scr levels on admission and after CAG/PCI with 72 h;

(3) had accessible echocardiographic parameters during the

hospitalization. The patients with one of the following criteria

were excluded: (1) the presence of end-stage chronic kidney

disease; (2) had underwent more than one administration of

iodine contrast agents (3); being exposed to the usage of

nephrotoxic medication during the perioperative phase; (4)

suffering from a shock, malignant tumor, and lactation

condition; (5) expectant mothers.

This retrospective study has been authorized by the Ethics

Committee of the Sir Run Run Shaw Hospital (No. 20201217-36)

and performed following the Helsinki statement. Given the

nature of a retrospective cross-section study, informed consent

could be skipped.
2.2. Study endpoint

According to the ESUR (European Society of Urogenital

Radiology) guidelines, CA-AKI was set as the primary endpoint,

and diagnosing by the Scr level increased by ≥44 μmol/L

(0.5 mg/dl), or the proportion increased by ≥25% compared to

the level on admission (13).

The secondary outcome was considered the percentage of the

Scr elevation, which was evaluated by the difference of the Scr

level after the CAG/PCI divided baseline Scr level [the

percentage of Scr elevation = (postoperative Scr—baseline Scr)/

baseline Scr].
2.3. Echocardiographic parameters and
criteria

Certain echocardiographic parameters were measured to detect

the presence of cardiac structural remodeling during the

perioperative period (within 3 days before or after the CAG/

PCI). All of the echocardiographic parameters were collected

during the hospitalization by the clinical operators with long-

term specialized training. The criteria of reference for analysis

were from the 2015 American Society of Echocardiography

(ASE)/European Association of Cardiovascular Imaging (EACVI)

document for chamber quantification (14).

Left ventricular (LV) geometry and ejection fraction (EF) were

assessed using two-dimensional (2D) echocardiography. All

measurements were standardized to body surface area. LVM was

calculated according to the Devereux formula: 0.8 × 1.04 ×

[(IVSD + LVIDD + LVPWD)3– LVIDD3] + 0.6 g. Relative wall

thickness (RWT) was calculated as 2 × LVPWD divided by

LVIDD to depict left ventricular (LV) geometry.

In the 2015 ASE/EACVI document, abnormal LVMI (>95 g/m2

in females and >115 g/m2 in males) was applied to assess the

abnormal LV geometry, and elevated LVIDDI (>30 mm/m2 in
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males and >31 mm/m2 in females) and LVIDSI (>21 mm/m2)

could reflect the enlarged size of the heart chambers to some

extent. Therefore, in the present study, LVMI, LVIDDI, and

LVIDSI were measured to demonstrate the alterations in the

shape and size of the heart, respectively.

According to guidelines in China, the ventricular internal end-

diastolic diameter was commonly used to assess the ventricular

size, and consequently, elevated LVIDDI was applied to indicate

the dilated left ventricle in this study. Abnormally increased

LVMI indicates the presence of left ventricular hypertrophy

(LVH). Then, with the help of RWT and LVMI, concentric

remodeling was defined as RWT > 0.42 and LVMI≤ 115 g/m2 in

males or ≤95 g/m2 in females; moreover, concentric LVH was

diagnosed by RWT > 0.42 and LVMI > 55 mm in males or

>50 mm in females, while RWT was ≤0.42 for eccentric LVH.
2.4. Definitions and data collection

Data acquired on admission included demographic data,

laboratory tests, previous usage of medications, and past history.

Fasting blood samples for various clinical routine biochemistry

tests and blood examinations at baseline were drawn from

antecubital veins. Anemia was defined as hemoglobin <120 g/L in

adult males and hemoglobin <110 g/L in adult females (non-

pregnant) at sea level. Hypotension was defined as a systolic

blood pressure <90 mmHg or a diastolic blood pressure

<60 mmHg during the procedure. Abnormal N-terminal

pro-brain natriuretic peptide (NT-proBNP) was defined as

NT-proBNP exceeding the upper limit of the normal level. For

patients <45 years old, the upper limit of normal was 300 pg/ml;

for patients between 45 and 70 years of age, the upper limit of

normal was 900 pg/ml; and for patients >70 years old, the upper

limit of normal was 1,800 pg/ml (15).

The procedures of CAG/PCI for all patients were performed by

physicians with longstanding expertise in interventional therapy

and acted in accordance with standard practice (16). Detailed

procedural data of CAG/PCI were recorded. All patients received

perioperative hydration (specific protocol: intravenous infusion of

0.9% saline at a rate of 1 ml/kg/h for 3–4 h preoperatively and

4–6 h postoperatively) (1).
2.5. Statistical analysis

Categorical variables were displayed as counts (%) and

analyzed by chi-square or Fisher’s exact test as appropriate.

Continuous data were presented as means ± standard deviations

(SD) or median (interquartile range). Comparisons among

continuous variables were conducted by the independent

Student’s t-test or non-parametric Mann–Whitney U test in

variables with normal distribution or non-normal distribution,

respectively.

Between the patients with normal and abnormal

echocardiographic parameters (LVIDDI, LVIDSI, and LVMI

included), we compared the percentage of Scr elevation through
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the Mann–Whitney U test and the proportion of CA-AKI utilizing

the chi-square test. The results of the two analyses were plotted in

a violin plot. The associations of echocardiographic structural

alterations with the risk of CA-AKI were explored by logistic

regression. All of the collected echocardiographic parameters were

divided according to quartile. After adjusting for covariables, such

as demographic data, laboratory tests, CAG/PCI data, and

medication history, multivariable logistic regression was performed,

and the restricted cubic spline (RCS) curves were drawn to exhibit

the result from the multivariable logistic regression analysis.

The receiver operating characteristics (ROC) curve was drawn

to visualize the predictive value of the echocardiographic structural

parameters for CA-AKI utilizing the area under curve (AUC).

Considering the echocardiographic standard discrepancy between

the different sexes, the ROC curve would be plotted for male and

female individuals. Given that different individuals had different

features, subgroup analysis was performed in various subgroups.

Then, we screened the patients with cardiac remodeling that was

facilitating changes of the echocardiographic parameters. Further

investigation was conducted to explore the association of

abnormal LV geometry with CA-AKI development by utilizing

multivariable logistic regression. To verify the conclusions drawn

from the current study, several sensitivity analyses were

performed: first, the status of NT-proBNP was additionally

incorporated into multivariable regression models, owing to its

relationship with both cardiac function and structure; then,

considering that the development of cardiac remodeling has a

longstanding progression, multivariable logistic regression was

repeated after adjusting the situation of acute cardiac

dysfunction, such as myocardial infarction.

A two-tailed P value below 0.05 was considered statistically

significant. All of the statistical analyses were carried out by SPSS

(version 23.0, SPSS Inc., USA) and the R software (version 4.2.0,

R core Team 2022).
3. Results

3.1. Baseline characteristics of CAD patients
undergoing CAG/PCI

A total of 3,241 CAD patients undergoing CAG/PCI were

incorporated into the study with a mean age of 66.6 ± 11.4 years;

their baseline characteristics are displayed in Table 1. Overall,

1,169 (36.0%) patients were female, and 531 (16.3%) patients

suffered from CA-AKI following CAG/PCI. As for baseline

echocardiographic data, the patients who developed CA-AKI

showed higher measurements of echocardiographic structural

parameters (LVMI: 120.0 ± 36.9 vs. 132.1 ± 43.3 g/m2, LVIDDI:

30.5 ± 4.9 vs. 32.0 ± 5.5 mm/m2, LVIDSI: 20.5 ± 5.4 vs. 22.8 ±

6.3 mm/m2, all P < 0.001) but a lower level of the

echocardiographic functional parameter (LVEF: 61.7% ± 11.9 vs.

56.3% ± 13.8%, P < 0.001). The presence of LVH was more

common in patients suffering from CA-AKI (58.1% vs. 71.1%,

P < 0.001); meanwhile, the group with CA-AKI exhibited a

higher proportion of LV dilation (46.1% vs. 56.6%, P < 0.001).
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TABLE 1 Baseline characteristics of patients enrolled.

Overall Without CA-AKI With CA-AKI P value

N = 3,247 N = 2,716 N = 531

Demographic data
Female, n (%) 1,169 (36.03) 965 (35.53) 205 (38.61) 0.19

Age, years 66.6 ± 11.4 66.4 ± 11.3 67.8 ± 11.7 0.01

BSA, m2 1.7 ± 0.2 1.7 ± 0.2 1.6 ± 0.2 <0.01

Smoke (%) 524 (16.14) 448 (16.49) 76 (14.31) 0.24

Drink (%) 481 (14.81) 415 (15.28) 66 (12.43) 0.1

Diabetes (%) 772 (23.78) 621 (22.86) 151 (28.44) 0.01

Hypertension (%) 1,943 (59.84) 1,613 (59.39) 330 (62.15) 0.26

Anemia 582 (17.9) 463 (17.0) 119 (22.4) 0.004

Echocardiographic parameters
EF, % 60.8 ± 12.4 61.7 ± 11.9 56.3 ± 13.8 <0.01

LVMI, g/m2 122.0 ± 38.2 120.0 ± 36.9 132.1 ± 43.3 <0.01

LVIDDI, mm/m2 30.8 ± 5.1 30.5 ± 4.9 32.0 ± 5.5 <0.01

LVIDSI, mm/m2 20.9 ± 5.6 20.5 ± 5.4 22.8 ± 6.3 <0.01

RWT 0.4 ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.36

Hypertrophy, n (%) 1,957 (60.27) 1,579 (58.14) 378 (71.19) <0.01

Dilation, n (%) 1,555 (47.89) 1,254 (46.17) 301 (56.69)

Laboratory examination
CRP, mg/L 1.9 [0.8,5.9] 1.7 [0.8,5.1] 3.5 [1.2,11.2] <0.01

Proportion of Scr elevation, % 5.5 [−3.2, 17.4] 2.5 [−4.6, 10.6] 39.1 [30.5, 59.6] <0.01

eGFR, ml/min/1.73 m2 93.9 [75.1,113.2] 93.9 [76.2,112.1] 94.1 [69.2,120.1] 0.59

NTproBNP, μg/ml 452.0 [119.0,1427.5] 358.0 [102.0,1108.5] 1475.0 [401.5,3440.0] <0.01

HbA1c, % 6.4 ± 1.3 6.4 ± 1.3 6.5 ± 1.4 0.03

PCI/CAG Data
CTO (%) 244 (7.51) 189 (6.96) 55 (10.36) 0.01

Procedure, n (%) 0.01

Without PCI 1,935 (59.59) 1,639 (60.35) 296 (55.74)

Single-vessel PCI 511 (15.74) 434 (15.98) 77 (14.50)

Multiple-vessel PCI 801 (24.67) 643 (23.67) 158 (29.76)

Hypotension 439 (13.5) 361 (13.3) 78 (14.7) 0.405

Type of contrast 0.15

Ioversol 544 (16.8) 462 (17.0) 82 (15.4)

Iohexol 859 (26.5) 735 (27.1) 124 (23.4)

Iodixanol 1,626 (50.1) 1,337 (49.2) 289 (54.4)

Iopamidol 218 (6.7) 182 (6.7) 36 (6.8)

Medication (%)
Statin 2,693 (82.94) 2,274 (83.73) 419 (78.91) 0.01

ACEI or ARB 1,334 (41.08) 1,117 (41.13) 217 (40.87) 0.95

CCB 938 (28.89) 792 (29.16) 146 (27.50) 0.47

Data are presented as number (percentage) or median (Q1, Q3) for categorical variables and continuous variables. CA-AKI, contrast-associated acute kidney injury; BSA,

body surface area; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; LVIDDI, left ventricular internal diameters at end-diastole index; LVIDSI, left

ventricular internal diameters at end-systole index; RWT, relative wall thickness; NT proBNP, N-terminal pro-brain natriuretic peptide; SCr, serum creatine; CRP,

C-reactive protein; eGFR, estimated glomerular filtration rate; CAG, coronary angiography; PCI, percutaneous coronary intervention; CTO, chronic total occlusion;

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker.

Chen et al. 10.3389/fcvm.2023.1173586
Moreover, compared with the patients without CA-AKI, patients

in the CA-AKI group had worse renal function (Scr increased

proportion: 2.50% [−4.60 to 10.60] vs. 39.10% [30.50 to 59.60],

P < 0.001), worse cardiac status (NT-proBNP: 358.0 [102.0 to

1108.5] vs. 1475.0 [401.5 to 3440.0] μg/ml, P < 0.001), higher

inflammatory level (CRP: 1.70 mg/L [0.80 to 5.10] vs. 3.50 mg/L

[1.20 to 11.20], P < 0.001), higher prevalence of diabetes (22.8% vs.

28.4%, P = 0.01), and less frequent usage of statin (83.7% vs.

78.9%, P = 0.01).
Frontiers in Cardiovascular Medicine 04
3.2. The associations of echocardiographic
parameters with the percentage of Scr
elevation and the proportion of CA-AKI

A violin plot was drawn to uncover the difference in Scr

elevation percentage between the groups with abnormal and

normal echocardiographic parameters (Figure 1). The abnormal

higher structural parameters were not only correlated with a

higher percentage of Scr elevation (LVMI: 3.8% vs. 6.5%, LVDDI:
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FIGURE 1

The violin plot depicting the percentage of the Scr elevation in the
patients with normal and abnormal echocardiographic parameters.
The dashed line represents the diagnostic threshold of CA-AKI. The
upper and bottom sides of the boxes indicate Q3 and Q1 separately,
with cross-lines presenting the medians. The bilateral curves in
different subgroups describe the distribution of the data. Comparisons
were performed by the Mann–Whitney U test for the difference of the
Scr elevation between the normal and abnormal groups and the chi-
square test for the difference of the CA-AKI proportion. Asterisks
indicate the significance levels: (***) P < 0.001.

TABLE 2 Multivariable logistic regression analysis of different
echocardiographic parameters on CA-AKI.

OR CI P value P for trend
LVMI [Min, 95.0) 1 Ref. <0.001

[95.0,115.0) 0.963 (0.709, 1.308) 0.809

[115.0,141.0) 1.219 (0.906, 1.641) 0.191

[141.0, Max] 1.53 (1.146, 2.044) 0.004

LVIDDI [Min, 27.50) 1 Ref. <0.001

[27.50,30.00) 0.988 (0.73, 1.339) 0.94

[30.00,33.20) 1.218 (0.913, 1.625) 0.179

[33.20, Max] 1.443 (1.087, 1.914) 0.011

LVIDSI [Min, 17.2) 1 Ref. <0.001

[17.2,19.5) 1.245 (0.911, 1.7) 0.169

[19.5,22.9) 1.238 (0.914, 1.678) 0.167

[22.9,62.4] 1.953 (1.459, 2.615) <0.001

The covariates adjusted in multivariable logistic regression included female (yes or

no), age (per 10 years), diabetes (yes or no), hypertension (yes or no), CRP (<6 and

≥6 mg/L), eGFR (<30, 30–59, 60–89, ≥90 ml/min × 1.73 m2), cTnI (<0.11 and

≥0.11 ng/ml), CAG/PCI procedure (CAG without/with single-vessel/with multiple-

vessel PCI), CTO (yes or no), IVUS/OCT/FFR (yes or no), volume of contrast

agent (<100 and ≥100 mg), medications (administration of statin) (yes or no),

NTproBNP (abnormal or normal), hypotension (no or yes), and anemia (no or yes).

LVMI, left ventricular mass index; LVIDDI, left ventricular internal diameters at end-

diastole index; LVIDSI, left ventricular internal diameters at end-systole index.

Chen et al. 10.3389/fcvm.2023.1173586
4.75% vs. 6.40%, LVDSI: 4.20% vs. 8.00%, all P < 0.001) but also

carried a greater proportion of CA-AKI (19.3%, 22.9%, and

19.3% for abnormal LVIDDI, LVIDSI, and LVMI, respectively;

all P < 0.001).
3.3. The associations of CA-AKI with
echocardiographic structural and functional
alterations

To investigate the association of echocardiographic structural

alterations with CA-AKI risk, logistic regression models were

established. Echocardiographic structural parameters, including

LVMI, LVIDDI, and LVIDSI, were divided into quartiles and

then separately incorporated into a logistic regression analysis.

In the univariable logistic regression analysis, the structural

parameters were positively associated with CA-AKI risk

(Supplementary Table S1). After adjustment for demographic

data, laboratory tests, CAG/PCI data, and medication history,

such an association between CA-AKI risk and echocardiographic
Frontiers in Cardiovascular Medicine 05
structural parameters was still valid in multivariable logistic

regression (Table 2). To be specific, a patient with higher levels

of LVMI, LVIDDI, and LVIDSI carried a higher risk of CA-AKI,

with a fully adjusted OR of 1.53 [1.146 to 2.044], 1.443 [1.087 to

1.914], and 1.953 [1.459 to 2.615] for the highest quartile

compared with the lowest quartile (LVMI: P = 0.004; LVIDDI:

P = 0.011; LVIDSI: P < 0.001). Significant linear trends of

structural parameters were validated among the consecutive

categories (all P for trend <0.05), and similar relationship

patterns were visualized by the RCS models (Figure 2). The

change of CA-AKI risk in different levels appeared as a linear

increment, as for LVIDDI, LVIDSI, and LVMI (all P for non-

linearity >0.05). Such associations between echocardiographic

parameters and CA-AKI risk also remained stable in the

sensitivity analysis (Supplementary Table S2).

Further investigation of the echocardiographic parameters’

predictive value was plotted on the ROC curves and exhibited

the AUC of the parameters (Figure 3). Considering the

structural discrepancy between male and female individuals, the

analysis was sex-stratified, and the AUC in different sexes did

not exhibit significant differences (LVMI: male vs. female = 0.592

vs. 0.592; LVIDDI: male vs. female = 0.581 vs. 0.577; LVIDSI:

male vs. female = 0.625 vs. 0.602, all P > 0.05), which hinted that

the predictive value of echocardiographic parameters would not

be affected by sex.
3.4. The echocardiographic predictor of
CA-AKI in different subgroups

Considering the distribution of the data among different

subgroups, the parameters were taken into subgroup analyses

without division (Figure 4). The analysis verified that the
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FIGURE 2

Restricted cubic spline (RCS) analyses for exploring the association of echocardiographic parameters with CA-AKI. The solid black lines show the adjusted
odds ratios of different echocardiographic parameters (A for LVMI, B for LVIDDI, C for LVIDSI) for CA-AKI, and the gray ribbon around the line indicates a
95% confidence interval of the curves.

FIGURE 3

(A) The cutoff value of LVMI for predicting CA-AKI was analyzed by the ROC curve. (B) The cutoff value of LVIDSI for predicting CA-AKI was analyzed by
the ROC curve. (C) The cutoff value of LVIDDI for predicting CA-AKI was analyzed by the ROC curve.
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positive association between LVIDDI, LVIDSI, and CA-AKI risk

was consistent (all P for interaction >0.05) when stratified by age

(<70 or ≥70 years), left ventricular ejection fraction (<50 or

≥50%), estimated glomerular filtration rate (<60 or ≥60 ml/min/

1.73 m2), and N-terminal brain natriuretic peptide (normal or

abnormal).
3.5. The associations between CA-AKI and
abnormal left ventricular geometry

In the current study, abnormal LVMI and LVIDDI signified LV

hypertrophy and dilation. Compared with the patients without

structural remodeling, the two abnormal LV geometries were

found to possess a significant relationship with CA-AKI risk in

the multivariable logistic analysis (hypertrophy: OR = 1.348, 95%

CI [1.086 to 1.673], P = 0.007; dilation: OR = 1.234, 95%CI [1.012

to 1.506], P = 0.038, in Table 3). By means of RWT and LVMI,

four types of LVH were classified. The association between LVH

and CA-AKI risk was significant in patients with eccentric LVH
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[OR = 1.400, 95%CI (1.093 to 1.793), P = 0.008]. Then, recruited

patients were roughly categorized into three statuses: normal LV

geometry, the existence of LVH or dilation, and the coexistence

of LV hypertrophy and dilation. Multivariable logistic regression

was performed to verify the correlation between abnormal LV

geometry and CA-AKI risk, which demonstrated that the

coexistence of LV hypertrophy and dilation carried the highest

risk of CA-AKI [OR = 1.397, 95%CI (1.091 to 1.789), P = 0.008].
4. Discussion

Among this consequent cohort of CAD patients after CAG/

PCI, echocardiographic data were available to indicate cardiac

remodeling, and 531 (16.3%) patients suffered from CA-AKI.

Patients with higher LVMI, LVIDDI, and LVIDSI carried a

higher risk of CA-AKI and abnormal LVMI associated with the

CA-AKI risk, especially in patients with preserved LVEF. In

other words, the presence of cardiac remodeling, namely, left

ventricular hypertrophy and dilation, was significantly associated
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1173586
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


FIGURE 4

Subgroup analysis of the association between echocardiographic functional and structural parameters and CA-AKI in different individuals.

TABLE 3 Multivariable logistic regression analysis of echocardiographic
abnormal ventricular geometry on CA-AKI.

OR 95%CI P value

Model 1
Echocardiographic dilatation 1.234 (1.012, 1.506) 0.038

Model 2
Echocardiographic hypertrophy 1.348 (1.086, 1.673) 0.007

Model 3
Normal 1 Ref.

Echocardiographic dilatation/hypertrophy 1.066 (0.812, 1.398) 0.647

Echocardiographic dilatation and hypertrophy 1.397 (1.091, 1.789) 0.008

Model 4
Normal 1 Ref.

Concentric remodeling 0.876 (0.569, 1.351) 0.55

Concentric LVH 1.141 (0.852, 1.53) 0.376

Eccentric LVH 1.4 (1.093, 1.793) 0.008

Echocardiographic LV dilation and hypertrophy were incorporated into Model 1

and Model 2, respectively, and various situations of echocardiographic ventricular

geometry were incorporated into Model 3.

Adjusted for female (yes or no), age (per 10 years), diabetes (yes or no),

hypertension (yes or no), CRP (<6 and ≥6 mg/L), eGFR (<30, 30–59, 60–89,

≥90 ml/min × 1.73 m2), cTnI (<0.11 and ≥0.11 ng/ml), CAG/PCI procedure (CAG

without/with single-vessel/with multiple-vessel PCI), CTO (yes or no), IVUS/

OCT/FFR (yes or no), volume of contrast agent (<100 and ≥100 mg),

medications (administration of statin) (yes or no), NTproBNP (abnormal or

normal), hypotension (no or yes), and anemia (no or yes).

Echocardiographic LV dilation was diagnosed by abnormal elevated LVIDDI.

Echocardiographic LVH was evaluated by LV mass index (LVMI), >115 g/m2 in males

or >95 g/m2 in females.

Concentric remodeling was set as relative wall thickness (RWT) > 0.42 and LV mass

index (LVMI)≤ 115 g/m2 in males or ≤95 g/m2 in females, and concentric LVH was

diagnosed by RWT > 0.42 and LVMI > 55 mm in males or >50 mm in females, while

RWT was ≤0.42 for eccentric LVH.

LVMI, left ventricular mass index; LVIDDI, left ventricular internal diameters at end-

diastole index; LVIDSI, left ventricular internal diameters at end-systole index; LVH,

left ventricular hypertrophy.
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with the CA-AKI risk. The coexistence of LV hypertrophy and

dilation possessed the highest risk of CA-AKI among different

remodeling patterns, and subjects with eccentric hypertrophy

confronted a higher CA-AKI risk.

The development of cardiac remodeling involves alterations in

cardiac size, shape, and function (6). An abnormally increased

LVMI could detect the occurrence of echocardiographic

hypertrophy. LVIDDI and LVIDSI were recorded to evaluate the

size of heart chambers. Both the physiological and pathological

ways lead to changes in echocardiographic parameters, but it is

well established that cardiac remodeling is associated with

numerous pathological conditions, including various

cardiovascular diseases and chronic kidney disease, among others

(17, 18).

One of the leading culprits for cardiac remodeling is

hypertension (6). Under the circumstance of long-term

hypertension, diffuse fibrosis has been shown to occur in the

primary target organ, resulting in the development of remodeling

and deteriorated function (7). LV hypertrophy is a common

impairment of the target organ in hypertensive patients,

considering a marker of uncontrolled hypertension, which

exacerbates the progression of kidney disease (19). Patients with

LV hypertrophy are susceptible to progressive deterioration in

kidney function and increased requirement of dialysis (20). LV

dilation not only occurs in the later period of hypertension but

also develops due to cardiac myocyte damage, which leads to

renal fibrosis and decreased blood flow (21). A cross-sectional

study carried out by Kensuke et al. suggested that reduced eGFR

is related to both cardiac hypertrophy and dilation (20). As for

postoperative renal function, research performed by Lee et al. has
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validated the predictive role played by LV remodeling during the

occurrence of postoperative AKI within 7 days after non-cardiac

surgery through RWT (22). LV dilation detected by LVIDD was

found to be a predictive value for CA-AKI in CAD patients by Li

et al. (23). In the current study, the relationship between left

ventricular remodeling and CA-AKI risk was consistent with the

previous results. Moreover, this relationship was consistent among

different subgroups, while the predictive values of structural

parameters were less affected by sex. However, compared with the

study conducted by Kensuke et al., no significant difference in

RWT between the patients with or without CA-AKI was detected

in the present study, which might be explained by the higher

baseline level of LVMI and different operation types among the

patients enrolled in this study. Furthermore, probably due to a

higher LVMI level, 16.3% of the subjects suffered from CA-AKI in

the current study, in which the proportion of CA-AKI patients

was higher than in the previous study.

Patients with cardiac remodeling often carry more potential

risk factors than others, such as diabetes mellitus, anemia, and

renal dysfunction. Similar patterns of relationships were also

found in the current study for patients with structural

remodeling, with a higher CA-AKI risk compared to patients

without remodeling. It is conceived that cardiac structural

remodeling often relates to decreased stroke volume and worse

diastolic function, later showing more severe deterioration in the

impaired kidney function than in the systolic function (24–26).

The exact mechanisms underlying the association between

cardiac remodeling and postoperative AKI have not yet been

elucidated. However, the traditional association of LV remodeling

with impaired renal function is suspected from the presence of

hypertension, which results in glomerular sclerosis (27). The

potential contribution of the undetectable alteration in the

regional renal perfusion also cannot be ruled out. Haruyama

et al. found a relationship between LVH and the percentage of

nephrosclerosis, even in kidney donors with normal eGFR (28).

The relationship between LV dilation and subclinical renal

impairment in hypertensive patients was uncovered in the work

conducted by Ratto et al. (29).

Of note is that not only does the presence of cardiac

remodeling increase the CA-AKI risk but also the different

patterns of cardiac remodeling show different risks. To be

specific, patients with both LV hypertrophy and dilation confront

the highest risk. Yamanaka et al. also argued that the

combination of LV dilation and hypertrophy has the worst

prognosis compared with other structural patterns among

patients with heart failure with preserved ejection fraction (30).

The CASCADE Study showed that patients with end-stage

chronic kidney disease carry the highest incidence of both LV

hypertrophy and dilation compared to chronic kidney disease

patients at other stages, which implies that cardiac structural

remodeling and its progression might be closely related to worse

renal function at baseline (31).

There are also certain limitations in this retrospective research.

First, the authority of the conclusions is inevitably limited by the

nature of retrospective cross-section research. Therefore, large-

scale prospective research is required in the future to further
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confirm the association of cardiac remodeling with CA-AKI

risks. Second, there was a shortage of the calculation for LVM.

The linear method was likely to overestimate LVH, but as the

most widespread echocardiographic method to evaluate LV

geometry, its usefulness in a tremendous number of clinical trials

has been verified (14). Therefore, the discrepancy caused by the

different methods might have a few significant influences on the

final result. Last, in the current study, we failed to record other

detailed medication history, such as the diuretic, which inevitably

caused a modest effect on the conclusion.

In conclusion, the present study established a significant

association of cardiac remodeling, detected by echocardiogram,

with the risk of CA-AKI among CAD patients receiving CAG/

PCI. Abnormal structural echocardiographic parameters were

correlated with CA-AKI, showing that patients with abnormal

cardiac structure should take timely protective measures, even

those with LV hypertrophy but preserved LVEF.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

This research is a cross-section study, which has been

authorized by the Ethics Committee of the Sir Run Run Shaw

Hospital (No. 20201217-36) and performed following the

Helsinki statement. Written informed consent for participation

was not required from the participants or the participants’ legal

guardians/next of kin in accordance with the national legislation

and institutional requirements.
Author contributions

QC and HJ: finished the manuscript writing and revision. DL and

TH: did statistical analyses. All author contributed to the formation of

idea. QC and DL: contributed equally to this work. WZ and CD: are

the corresponding authors of this article. All authors contributed to

the article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of

the authors and do not necessarily represent those of
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1173586
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Chen et al. 10.3389/fcvm.2023.1173586
their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may

be evaluated in this article, or claim that may be made

by its manufacturer, is not guaranteed or endorsed by the

publisher.
Frontiers in Cardiovascular Medicine 09
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.

1173586/full#supplementary-material
References
1. Fahling M, Seeliger E, Patzak A, Persson PB. Understanding and preventing
contrast-induced acute kidney injury. Nat Rev Nephrol. (2017) 13(3):169–80.
doi: 10.1038/nrneph.2016.196

2. Mehran R, Dangas GD, Weisbord SD. Contrast-associated acute kidney injury.
New Engl J Med. (2019) 380(22):2146–55. doi: 10.1056/NEJMra1805256

3. Mohebi R, Karimi Galougahi K, Garcia JJ, Horst J, Ben-Yehuda O, Radhakrishnan
J, et al. Long-term clinical impact of contrast-associated acute kidney injury following
PCI: an ADAPT-DES substudy. JACC Cardiovasc Interv. (2022) 15(7):753–66. doi: 10.
1016/j.jcin.2021.11.026

4. Mehran R, Aymong ED, Nikolsky E, Lasic Z, Iakovou I, Fahy M, et al. A simple
risk score for prediction of contrast-induced nephropathy after percutaneous coronary
intervention: development and initial validation. J Am Coll Cardiol. (2004) 44
(7):1393–9.

5. Nijssen EC, Wildberger JE. A novel risk score for contrast-associated acute kidney
injury: the heart of the matter. Lancet. (2021) 398(10315):1941–3. doi: 10.1016/S0140-
6736(21)02445-4

6. Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling–concepts and clinical
implications: a consensus paper from an international forum on cardiac
remodeling. Behalf of an international forum on cardiac remodeling. J Am Coll
Cardiol. (2000) 35(3):569–82. doi: 10.1016/S0735-1097(99)00630-0

7. Mavrogeni S, Piaditis G, Bacopoulou F, Chrousos GP. Cardiac remodeling in
hypertension: clinical impact on brain, heart, and kidney function. Horm Metab
Res. (2022) 54(5):273–9. doi: 10.1055/a-1793-6134

8. Glassock RJ, Pecoits-Filho R, Barberato SH. Left ventricular mass in chronic
kidney disease and ESRD. Clin JAm Soc Nephrol. (2009) 4(Suppl 1):S79–91. doi: 10.
2215/CJN.04860709

9. Li Q, Chen W, Shi S, Huang H, Lai W, Liu L, et al. Acute kidney injury increase
risk of left ventricular remodeling: a cohort of 1,573 patients. Front Physiol. (2021)
12:744735. doi: 10.3389/fphys.2021.744735

10. Mathis MR, Naik BI, Freundlich RE, Shanks AM, Heung M, Kim M, et al.
Preoperative risk and the association between hypotension and postoperative acute
kidney injury. Anesthesiology. (2020) 132(3):461–75. doi: 10.1097/ALN.
0000000000003063

11. Sessler DI, Bloomstone JA, Aronson S, Berry C, Gan TJ, Kellum JA, et al.
Perioperative quality initiative consensus statement on intraoperative blood
pressure, risk and outcomes for elective surgery. Br J Anaesth. (2019) 122
(5):563–74. doi: 10.1016/j.bja.2019.01.013

12. Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, Pocock
SJ, et al. Strengthening the reporting of observational studies in epidemiology
(STROBE): explanation and elaboration. PLoS Med. (2007) 4(10):e297. doi: 10.1371/
journal.pmed.0040297

13. van der Molen AJ, Reimer P, Dekkers IA, Bongartz G, Bellin MF, Bertolotto M,
et al. Post-contrast acute kidney injury—part 1: definition, clinical features, incidence,
role of contrast medium and risk factors: recommendations for updated ESUR
contrast medium safety committee guidelines. Eur Radiol. (2018) 28(7):2845–55.
doi: 10.1007/s00330-017-5246-5

14. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al.
Recommendations for cardiac chamber quantification by echocardiography in
adults: an update from the American society of echocardiography and the European
association of cardiovascular imaging. Eur Heart J Cardiovasc Imaging. (2015) 16
(3):233–70. doi: 10.1093/ehjci/jev014

15. Ibrahim I, Kuan WS, Frampton C, Troughton R, Liew OW, Chong JP, et al.
Superior performance of N-terminal pro brain natriuretic peptide for diagnosis of
acute decompensated heart failure in an Asian compared with a western setting.
Eur J Heart Fail. (2017) 19(2):209–17. doi: 10.1002/ejhf.612

16. Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V, et al. 2014 ESC/
EACTS guidelines on myocardial revascularization: the task force on myocardial
revascularization of the European society of cardiology (ESC) and the European
association for cardio-thoracic surgery (EACTS)Developed with the special
contribution of the European association of percutaneous cardiovascular
interventions (EAPCI). Eur Heart J. (2014) 35(37):2541–619. doi: 10.1093/eurheartj/
ehu278

17. Nakamura M, Sadoshima J. Mechanisms of physiological and pathological
cardiac hypertrophy. Nat Rev Cardiol. (2018) 15(7):387–407. doi: 10.1038/s41569-
018-0007-y

18. Frantz S, Hundertmark MJ, Schulz-Menger J, Bengel FM, Bauersachs J. Left
ventricular remodelling post-myocardial infarction: pathophysiology, imaging, and
novel therapies. Eur Heart J. (2022) 43(27):2549–61. doi: 10.1093/eurheartj/ehac223

19. Fu X, Ren H, Xie J, Wang W, Li Y, Gao P, et al. Association of nighttime masked
uncontrolled hypertension with left ventricular hypertrophy and kidney function
among patients with chronic kidney disease not receiving dialysis. JAMA Netw
Open. (2022) 5(5):e2214460. doi: 10.1001/jamanetworkopen.2022.14460

20. Dahan M, Siohan P, Viron B, Michel C, Paillole C, Gourgon R, et al.
Relationship between left ventricular hypertrophy, myocardial contractility, and load
conditions in hemodialysis patients: an echocardiographic study. Am J Kidney Dis.
(1997) 30(6):780–5. doi: 10.1016/S0272-6386(97)90082-2

21. Burchfield JS, Xie M, Hill JA. Pathological ventricular remodeling: mechanisms:
part 1 of 2. Circulation. (2013) 128(4):388–400. doi: 10.1161/CIRCULATIONAHA.
113.001878

22. Goeddel LA, Erlinger S, Murphy Z, Tang O, Bergmann J, Moeller S, et al.
Association between left ventricular relative wall thickness and acute kidney injury
after noncardiac surgery. Anesth Analg. (2022) 135(3):605–16. doi: 10.1213/ANE.
0000000000006055

23. Li Q, Chen S, Huang H, Chen W, Liu L, Wang B, et al. Dilated left ventricular
end-diastolic diameter is a new risk factor of acute kidney injury following coronary
angiography. Front Cardiovasc Med. (2022) 9:827524. doi: 10.3389/fcvm.2022.827524

24. Shigematsu Y, Hamada M, Ohtsuka T, Hashida H, Ikeda S, Kuwahara T, et al.
Left ventricular geometry as an independent predictor for extracardiac target organ
damage in essential hypertension. Am J Hypertens. (1998) 11(10):1171–7. doi: 10.
1016/S0895-7061(98)00140-X

25. Cerasola G, Nardi E, Palermo A, Mulè G, Cottone S. Epidemiology and
pathophysiology of left ventricular abnormalities in chronic kidney disease: a
review. J Nephrol. (2011) 24(1):1–10. doi: 10.5301/JN.2010.2030

26. Chen SC, Su HM, Hung CC, Chang JM, Liu WC, Tsai JC, et al.
Echocardiographic parameters are independently associated with rate of renal
function decline and progression to dialysis in patients with chronic kidney disease.
Clin J Am Soc Nephrol. (2011) 6(12):2750–8. doi: 10.2215/CJN.04660511

27. Taddei S, Nami R, Bruno RM, Quatrini I, Nuti R. Hypertension, left ventricular
hypertrophy and chronic kidney disease. Heart Fail Rev. (2011) 16(6):615–20. doi: 10.
1007/s10741-010-9197-z

28. Haruyama N, Tsuchimoto A, Masutani K, Nagata M, Kitada H, Tanaka M, et al.
Subclinical nephrosclerosis is linked to left ventricular hypertrophy independent of
classical atherogenic factors. Hypertens Res. (2014) 37(5):472–7. doi: 10.1038/hr.
2013.154

29. Ratto E, Viazzi F, Bonino B, Gonnella A, Garneri D, Parodi EL, et al. Left
ventricular dilatation and subclinical renal damage in primary hypertension.
J Hypertens. (2015) 33(3):605–11; discussion 11. doi: 10.1097/HJH.0000000000000430

30. Yamanaka S, Sakata Y, Nochioka K, Miura M, Kasahara S, Sato M, et al.
Prognostic impacts of dynamic cardiac structural changes in heart failure patients
with preserved left ventricular ejection fraction. Eur J Heart Fail. (2020) 22
(12):2258–68. doi: 10.1002/ejhf.1945

31. Cai QZ, Lu XZ, Lu Y, Wang AY. Longitudinal changes of cardiac structure and
function in CKD (CASCADE study). J Am Soc Nephrol. (2014) 25(7):1599–608.
doi: 10.1681/ASN.2013080899
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2023.1173586/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1173586/full#supplementary-material
https://doi.org/10.1038/nrneph.2016.196
https://doi.org/10.1056/NEJMra1805256
https://doi.org/10.1016/j.jcin.2021.11.026
https://doi.org/10.1016/j.jcin.2021.11.026
https://doi.org/10.1016/S0140-6736(21)02445-4
https://doi.org/10.1016/S0140-6736(21)02445-4
https://doi.org/10.1016/S0735-1097(99)00630-0
https://doi.org/10.1055/a-1793-6134
https://doi.org/10.2215/CJN.04860709
https://doi.org/10.2215/CJN.04860709
https://doi.org/10.3389/fphys.2021.744735
https://doi.org/10.1097/ALN.0000000000003063
https://doi.org/10.1097/ALN.0000000000003063
https://doi.org/10.1016/j.bja.2019.01.013
https://doi.org/10.1371/journal.pmed.0040297
https://doi.org/10.1371/journal.pmed.0040297
https://doi.org/10.1007/s00330-017-5246-5
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1002/ejhf.612
https://doi.org/10.1093/eurheartj/ehu278
https://doi.org/10.1093/eurheartj/ehu278
https://doi.org/10.1038/s41569-018-0007-y
https://doi.org/10.1038/s41569-018-0007-y
https://doi.org/10.1093/eurheartj/ehac223
https://doi.org/10.1001/jamanetworkopen.2022.14460
https://doi.org/10.1016/S0272-6386(97)90082-2
https://doi.org/10.1161/CIRCULATIONAHA.113.001878
https://doi.org/10.1161/CIRCULATIONAHA.113.001878
https://doi.org/10.1213/ANE.0000000000006055
https://doi.org/10.1213/ANE.0000000000006055
https://doi.org/10.3389/fcvm.2022.827524
https://doi.org/10.1016/S0895-7061(98)00140-X
https://doi.org/10.1016/S0895-7061(98)00140-X
https://doi.org/10.5301/JN.2010.2030
https://doi.org/10.2215/CJN.04660511
https://doi.org/10.1007/s10741-010-9197-z
https://doi.org/10.1007/s10741-010-9197-z
https://doi.org/10.1038/hr.2013.154
https://doi.org/10.1038/hr.2013.154
https://doi.org/10.1097/HJH.0000000000000430
https://doi.org/10.1002/ejhf.1945
https://doi.org/10.1681/ASN.2013080899
https://doi.org/10.3389/fcvm.2023.1173586
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Cardiac remodeling on echocardiogram is related to contrast-associated acute kidney injury after coronary angiography: a cross-section study
	Introduction
	Materials and methods
	Study design
	Study endpoint
	Echocardiographic parameters and criteria
	Definitions and data collection
	Statistical analysis

	Results
	Baseline characteristics of CAD patients undergoing CAG/PCI
	The associations of echocardiographic parameters with the percentage of Scr elevation and the proportion of CA-AKI
	The associations of CA-AKI with echocardiographic structural and functional alterations
	The echocardiographic predictor of CA-AKI in different subgroups
	The associations between CA-AKI and abnormal left ventricular geometry

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


