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Abstract
Objective Contrast-induced acute kidney injury (CI-AKI) is a common complication in patients undergoing 
percutaneous coronary intervention (PCI). Studies have shown that perioperative serum albumin levels may play a 
role in the occurrence of CI-AKI. In this study, we aimed to investigate the effect of perioperative serum albumin (delta 
albumin or &Alb) levels on the occurrence and long-term prognosis of CI-AKI patients after PCI.

Methods A total of 959 patients who underwent PCI between January 2017 and January 2019 were selected for this 
study. A receiver operating characteristic curve was used to determine the optimal cut-off value of the &Alb level for 
predicting CI-AKI after PCI. Patients were divided into two groups based on the optimal cut-off value: the high &Alb 
group (&Alb ≥ 4.55 g/L) and the control group (&Alb < 4.55 g/L). The incidences of CI-AKI and major adverse cardiac 
events (MACEs, including all-cause death, nonfatal myocardial infarction, and target vessel revascularization) were 
compared between the groups. Cox regression analysis was used to identify predictors of long-term prognosis after 
PCI.

Results Of the 959 patients, 147 (15.3%) developed CI-AKI after PCI. The CI-AKI group had a greater level of &Alb 
than did the non-CI-AKI group [(6.14 (3.90–9.10) versus 3.48 (4.31–6.57), P < 0.01)]. The incidence of CI-AKI in the high 
&Alb group was significantly greater than that in the low group (23.6% versus 8.3%, P < 0.01). After a 1-year follow-up, 
the incidence of MACEs was significantly greater in the high &Alb group than in the low group (18.6% versus 14.5%, 
P = 0.030). Cox regression analysis confirmed that CI-AKI was an independent predictor of MACEs at the 1-year 
follow-up (HR 1.43, 95% CI 1.04–1.96, P = 0.028). In addition, patients with low preoperative serum albumin levels had 
s significantly greater incidence of MACEs than did those with high preoperative serum albumin levels (23.2% versus 
19.5%, P = 0.013).

Conclusion In summary, high baseline &Alb levels are an independent risk factor for CI-AKI in patients after PCI. The 
occurrence of CI-AKI in the perioperative period is also an independent predictor of long-term prognosis after PCI. 
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Introduction
Percutaneous coronary intervention (PCI) is a com-
mon treatment for patients with coronary artery disease 
(CAD). Contrast-induced acute kidney injury (CI-AKI) 
is defined as an acute decline in renal function follow-
ing the administration of iodinated contrast media [1]. 
In patients undergoing PCI, CI-AKI has become a com-
plication that is closely linked to adverse clinical events. 
Contrast-induced nephropathy (CIN) is associated with 
increased rates of morbidity, mortality, and health care 
costs [2, 3]. CI-AKI is defined as a 25% increase in serum 
creatinine levels or an absolute increase of more than 44.2 
µmol/L following the administration of contrast media [4, 
5]. The pathogenesis of CI-AKI is complex, and the spe-
cific pathophysiologic basis remains unclear. Increased 
blood viscosity, reperfusion injury, direct toxicity to renal 
tubule cells, and long-term vasoconstriction are closely 
related to the occurrence of CI-AKI. Moreover, abnor-
mal physiological indicators and comorbidities, such as 
high serum osmotic pressure and a Syntax score of II, are 
also related to CI-AKI [6, 7]. CI-AKI increases the aver-
age length of hospital stay, accelerates the occurrence of 
end-stage renal disease and seriously affects the clinical 
prognosis of PCI in patients with coronary heart disease, 
such as the occurrence of major adverse cardiovascular 
events (MACEs), major adverse cerebrovascular events 
(MACCEs) and cardiac death (CD) [8].

Albumin is the major protein of human plasma. Plasma 
albumin has many physiological properties, such as 
antioxidant, anti-inflammatory, anticoagulant, and anti-
platelet aggregation activity. Low serum albumin con-
centrations may be caused by liver damage during acute 
inflammation or increased renal excretion, malnutri-
tion, increased catabolism, intestinal loss, severe volume 
overload, and escape to interstitial spaces [9]. Low serum 
albumin levels are independently associated with the 
development of various diseases, such as e myocardial 
infarction (MI), coronary artery disease (CAD), stroke, 
CI-AKI, hip fracture, and malignancy [10–13]. In patients 
with acute coronary syndrome, the serum albumin lev-
els are significantly lower in those with CI-AKI than in 
those without CI-AKI, and the serum albumin level is 
an independent predictor of CI-AKI [12]. Preprocedural 
levels of prealbumin were independently associated with 
an increased risk of CI-AKI and long-term mortality in 
elderly patients undergoing elective PCI [14]. As indica-
tors of nutritional status and inflammatory factors, peri-
operative albumin levels and postoperative effects were 

explored. Several previous studies have shown that peri-
operative albumin levels are significantly associated with 
postoperative complications, such as myocardial infarc-
tion, in patients with malignancies, including colorectal 
cancer, gastric cancer, and lung cancer, and in noncan-
cer patients [15–19]. Similarly, the relationship between 
perioperative albumin levels and adverse outcomes after 
abdominal surgery has been discussed [20, 21].

However, there are few studies on the relationship 
between perioperative serum albumin (delta albumin 
or &Alb) and the occurrence of CI-AKI in patients with 
coronary heart disease after PCI. The present study was 
designed to examine the correlation between &Alb and 
CI-AKI in patients who underwent PCI.

Methods
Study population
Patients who received their first PCI treatment between 
January 2017 and January 2019 were selected consecu-
tively as potential participants in the Department of 
Cardiology, Zhongda Hospital, School of Medicine, 
Southeast University (see Fig.  1). The inclusion crite-
ria were as follows: adult patients aged ≥ 18 years and 
patients who agreed to participate in the present study. 
The exclusion criteria were as follows: (1) complicated 
hypotension or cardiogenic shock; (2) history of allergy 
to iodine or iodine contrast agent; (3) stage 5 chronic 
renal insufficiency or maintenance haemodialysis/peri-
toneal dialysis; (4) CT scan, MRI scan, angiography 
or other contrast agent application within two weeks 
before inclusion; imaging examination using other con-
trast agents expected to be performed during the study 
period (except for the elective PCI 1 week later, the same 
contrast agent was required); (5) acute kidney injury 
or the use of nephrotoxic drugs in the past two weeks; 
(6) inflammatory diseases, autoimmune diseases, liver 
insufficiency, thyroid dysfunction, malignant tumours, 
or infectious diseases; and (7) incomplete collection of 
patient medical records, especially those lacking renal 
function evaluation indicators 48 to 72 h after PCI.

Data collection
Each patient’s medical history, symptoms, signs, exami-
nation, and test results were recorded in detail. The data 
included age, sex, smoking status, hypertension status, 
diabetes status, atrial fibrillation status, stroke status, 
and body mass index at admission. The left ventricu-
lar ejection fraction (LVEF), routine blood examination, 

These findings highlight the importance of monitoring &Alb levels and taking steps to prevent CI-AKI in patients 
undergoing PCI.
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biochemistry, basic cardiovascular medication informa-
tion, and volume of contrast media were recorded. Post-
operative ALB was detected 48 to 72 h after PCI. Based 
on the coronary angiography results, the severity of coro-
nary artery disease was evaluated by the Gensini score 
[22], and multivessel disease was defined as ≥ 50% diam-
eter stenosis in at least 2 major coronary arteries.

Diagnostic criteria for coronary heart disease (CHD)
The diagnostic criteria for CHD depend on typical angina 
pectoris symptoms, ECG changes, and the determination 
of myocardial injury markers. Coronary angiography is 
the gold standard for diagnosis, and coronary CTA can 
also be used for preliminary screening of coronary heart 
disease. (1) Chest pain symptoms: most of these symp-
toms involve crushing pain located in the retrosternal 
and precordial areas, which are related to activity and 
emotional agitation. The duration of nitrate drug release 
varies among the different types of drugs, and the degree 
of nitrate drug relief varies. (2) ECG manifestations: the 
ECG manifestations of UA and NSTEMI patients are 
transient ST segment (elevated or lowered) and T wave 
(flat or inverted) changes during the onset of chest pain. 
The ECG of STEMI patients can show ST-segment ele-
vation, wide and deep Q waves, T-wave inversion, and 
so on. (3) Myocardial injury markers: for patients with 
STEMI and NSTEMI, myocardial injury markers are ele-
vated at the corresponding time. However, the levels of 
markers of myocardial injury in UA patients were normal 
or slightly elevated. (4): Coronary angiography: coronary 
angiography is the gold standard for diagnosis. Coronary 
CTA can also be used for preliminary screening of CHD.

Diagnostic criteria for CI-AKI
CI-AKI was defined as a greater than 25% or 44.2 µmol/L 
(0.5  mg/dL) increase in serum creatinine from baseline 
during the first 48 to 72 h after contrast exposure [4, 5].

Clinical medication and CI-AKI prevention strategy
All patients received loading doses of double antiplate-
let aggregation drugs (aspirin 300  mg and clopidogrel 
300  mg or ticagrelor 180  mg) before surgery, and dual 
antiplatelet therapy (aspirin 100 mg·d− 1 and clopido-
grel 75 mg·d− 1 or ticagrelor 180 mg·d− 1) continued for 
at least 12 months. The use of other medications (e.g., 
𝛽-receptor blockers, angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers, nitrate esters, 
calcium antagonists, and statins) was left to the discre-
tion of individual cardiologists. Adequate hydration 
remains the main means of preventing CI-AKI; at pres-
ent, the best hydration solution is still inconclusive, and 
sodium chloride solution (NaCl) is widely used. Because 
the study population included several patients with car-
diac insufficiency, the clinician was responsible for the 
decision regarding whether to hydrate according to the 
specific situation of each patient. In the case of hydra-
tion, the following requirements should be met: 3–12 h 
before surgery and 6–24  h after surgery. Isotonic crys-
tal solution should be given intravenously at a rate of 
1.0 mL·kg−1·h−1-1.5 mL·kg−1·h−1. The use of nephrotoxic 
drugs during the study (including large-dose loop diuret-
ics, nonsteroidal anti-inflammatory drugs other than 
aspirin, aminoglycosides, amphotericin B, and traditional 
Chinese medicine containing aristolochic acid) should be 
avoided.

Fig. 1 Flow diagram of patient selection
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Follow-up
The primary endpoint was the occurrence of major 
adverse cardiovascular events (MACEs), defined as the 
composite of all-cause death, nonfatal myocardial infarc-
tion, and target vessel revascularization (PCI or bypass 
surgery).

Statistical analysis
A power analysis revealed that 782 patients needed to 
participate to achieve 80% power for detecting a differ-
ence between the two groups. To account for anticipated 
dropouts with no postbaseline data, 862 patients were 
required to begin the study, necessitating at least 431 
patients for each group. Statistical analysis of the data 
was performed using SPSS 27.0 software. Normally dis-
tributed data are expressed as the mean (x) ± standard 
deviation (s), and comparisons between two groups were 
performed by an independent sample t test. The data 
with skewed distribution are expressed as M (Q1, Q3), 
and the Mann‒Whitney U test was used for comparisons 
between two groups. Enumeration data are expressed as 

a rate or constituent ratio, and comparisons between two 
groups were performed by the chi-square test or Fisher’s 
exact probability method. Multivariate logistic regres-
sion analysis was employed to analyse the correlation 
between &Alb and CI-AKI incidence. The receiver oper-
ating characteristic (ROC) curve was used to determine 
the optimal cut-off value and area under the curve (AUC) 
of &Alb for predicting CI-AKI after PCI. Survival analy-
sis was performed using Kaplan‒Meier survival analysis. 
The log-rank test was used for comparisons between two 
groups. Multivariate Cox regression was used to analyse 
the predictors of MACEs in CHD patients during the 
1-year follow-up after PCI. P < 0.05 was considered to 
indicate statistical significance according to a two-tailed 
test.

Results
Baseline characteristics
A total of 959 patients who underwent PCI were included 
in this study. The average age was 67 ± 10.5 years [range: 
60–75]. Among these patients, 603 (62.9%) were male, 
703 (73.3%) had hypertension, and 316 (33.0%) had dia-
betes, among whom 147 had experienced CI-AKI. The 
incidence of CI-AKI in patients who underwent PCI was 
15.3% (147/959).

Patients were divided into 2 groups based on the 
optimal cut-off value of &Alb: a high &Alb group 
(&Alb ≥ 4.55  g/L, a total of 440 patients) and a control 
group (&Alb < 4.55 g/L, a total of 519 patients). The inci-
dence of CI-AKI in the high &Alb group was significantly 
greater than that in the low group [23.6% (104/440) ver-
sus 8.3% (43/519), P < 0.01]. A comparison of the clinical 
data between the high &Alb group and the low group is 
shown in Table  1. The high &Alb group included more 
males, older individuals, and greater proportions of 
smokers and individuals with hypertension (P < 0.05).

A comparison of the laboratory parameters between 
the 2 groups is shown in Table  2. Patients in the high 
&Alb group had significantly greater baseline platelet 
counts, indirect bilirubin levels, and uric acid levels than 
did those in the low group (P < 0.05). However, patients 
in the high &Alb group had significantly lower total cho-
lesterol, low-density lipoprotein cholesterol (LDL-C) 
and HDL-C levels than patients in the low &Alb group 
(P < 0.05).

Correlations between &Alb and CI-AKI
Pearson correlation analysis revealed that &Alb levels 
were linearly correlated with CI-AKI (r = 0.212, P < 0.001). 
Moreover, ROC curve analysis and AUC values (Fig.  2; 
Table 3) revealed that the AUC of &Alb for CI-AKI after 
PCI was 0.675 [95% confidence interval (CI): 0.627–
0.724, P < 0.001]. The best cut-off value was 4.55  g/L, 
the sensitivity was 70.7%, and the specificity was 58.5%. 

Table 1 Baseline characteristics of the two groups
Variables High & Alb 

group(n = 440)
Low & Alb 
group(n = 519)

P 
value

Male, n (%) 293 (66.6%) 310 (59.7%) 0.029
Age(years) 68 ± 10 66 ± 11 0.023
BMI (kg·m2 − 1) 24.89 ± 3.2 25 ± 3.4 0.549
Systolic BP (mmHg) 135.50 ± 18.95 137.97 ± 21.03 0.053
Diastolic BP (mmHg) 76.75 ± 12.74 76.35 ± 12.98 0.713
Smoking, n (%) 136 (30.9%) 113 (21.8%) <0.01
Hypertension, n (%) 308 (70.0%) 395 (76.1%) 0.033
Diabetes, n (%) 145 (33.0%) 171 (32.9%) 0.998
Atrial fibrillation, n (%) 46 (10.5%) 36 (6.9%) 0.052
LVEF (%) 46 (10.5%) 36 (6.9%) 0.375
Stroke, n (%) 93 (21.1%) 123 (23.7%) 0.344
Medication, n (%)
Aspirin 433 (98.4%) 506 (97.5%) 0.324
ACEI/ARB 240 (54.5%) 295 (56.8%) 0.476
β-blocker 347 (78.9%) 403 (77.6%) 0.650
Statins 401 (99.8%) 381 (99.7%) 0.662
Angiography
Gensini score 64.7 ± 37.52 66.2 ± 38.36 0.388
Contrast dose (mL) 105.6 ± 22.31 109.3 ± 20.26 0.664
Vessels, n 2.16 ± 0.808 2.20 ± 0.789 0.281
Multi-vessel, n (%) 184 (41.8%) 225 (43.4%) 0.284
Stents, n 1.59 ± 0.708 1.50 ± 0.666 0.103
Multi-stent, n (%) 159 (36.1%) 173 (33.3%) 0.364
hydration, n (%) 104 (68.5) 338 (65.1) 0.386
CI-AKI, n (%) 104 (23.6%) 43 (8.3%) <0.01
Note Data are presented as the mean ± Standard deviation, mean (25% 
quartile-75% quartile) or n (%)

Abbreviations BMI, body mass index; BP, blood pressure; LVEF, left ventricular 
ejection fraction; ACEI, angiotensin-converting enzyme inhibitor; ARB, 
angiotensin receptor blocker; CI-AKI, contrast-induced acute kidney injury; 
&Albumin, Perioperative Serum Albumin
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The postoperative serum ALB concentration for CI-
AKI patients after PCI was 0.659 [95% CI: 0.626–0.723, 
P < 0.001], the best cut-off value was 4.55 g/L, the sensi-
tivity was 70.7%, and the specificity was 58.5%.

Multivariate logistic regression analysis revealed that 
high &Alb [odds ratio (OR) 2.495, 95% CI: 1.277–4.874, 
P = 0.007], male sex (OR 0.616, 95% CI: 0.389–0.976, 
P = 0.039), serum creatinine level (OR 1.021, 95% CI: 
1.015–1.027, P < 0.001), triglyceride level (OR 0.775, 95% 
CI: 0.627–0.958, P = 0.019), postoperative albumin level 
(OR 0.911, 95% CI: 0.883–0.940, P < 0.001), hypopro-
teinaemia after surgery (OR 2.497, 95% CI: 1.361–4.582, 
P = 0.003), and triglyceride level (OR 0.775, 95% CI: 
0.627–0.958, P = 0.019) were independent risk factors for 
the development of CI-AKI.

DeLong’s test showed that the diagnostic efficiency of 
the preoperative albumin level was significantly worse 
than that of the postoperative albumin level (P < 0.01). 
The diagnostic efficiency of the preoperative albumin 
level was lower than that of the preoperative &Alb level, 
and the difference was statistically significant (P < 0.01). 
The diagnostic efficiency of postoperative ALB was worse 
than that of &Alb, but the difference was not statistically 
significant (P = 0.417).

Analysis of &Alb and long-term clinical outcomes
All patients completed a 1-year clinical follow-up. 
Patients with high &Alb levels (≥ 4.55  g/L) had worse 
clinical outcomes, with a greater incidence of primary 
endpoints [18.6% (82/440) vs. 14.5% (75/519), P = 0.022]. 
No significant differences were found in all-cause death 
(1.3% vs. 0.1%, P = 0.087) or nonfatal myocardial infarc-
tion (4.6% vs. 3.4%, P = 0.342). However, the incidence 
of target vascular revascularization (16.6% vs. 10.2%, 
P = 0.004) was significantly greater in the high &Alb 
group. Kaplan-Meier curves are shown in Fig. 3.

Evaluation of the prognostic performance of serum &Alb 
and CI-AKI for MACEs
Cox regression analysis was performed to evaluate the 
independent predictors of MACEs in patients at the 
1-year follow-up, which showed that CI-AKI was an 
independent predictor of primary endpoint outcomes at 
the 1-year follow-up [hazard ratio (HR) 1.521, 95% CI: 
1.036–2.233, P = 0.032]. Another variable showing an 
independent prognostic impact was multivessel disease 
(HR 3.145, 95% CI: 1.839–5.377, P < 0.01). The results of 
the Cox regression analysis are presented in Fig. 3.

Discussion
In this study, we investigated the predictive value of 
perioperative serum albumin levels for the occurrence 
of CI-AKI in CHD patients after PCI. We found that 
the incidence of CI-AKI in the high &Alb group was 

Table 2 Baseline laboratory characteristics of the two groups
Variables High & Alb 

group(n = 440)
Low & Alb 
group(n = 519)

P 
value

RBC (×1012·L− 1) 4.48 ± 0.55 4.45 ± 0.58 0.672
WBC (×109··L− 1) 7.05 ± 2.42 6.98 ± 2.23 0.470
HGB (g·L− 1) 137.38 ± 16.30 135.35 ± 17.90 0.068
PLT (×109·L− 1) 213.77 ± 67.30 195.8 ± 58.87 <0.01
NEU (×109·L− 1) 4.63 ± 1.61 4.71 ± 1.92 0.435
LYM (×109·L− 1) 1.71 ± 0.75 1.67 ± 0.61 0.357
MON (×109·L− 1) 0.42 ± 0.246 0.41 ± 0.178 0.203
DBIL (µmol·L− 1) 3.27 ± 2.14 3.89 ± 2.99 0.318
IBIL (µmol·L− 1) 9.29 ± 4.46 8.61 ± 4.29 0.016
ALT (U·L− 1) 26.15 ± 23.62 26.17 ± 20.66 0.988
AST (U·L− 1) 26.95 ± 25.62 27.46 ± 21.33 0.740
Glucose (mmol·L− 1) 6.64 ± 2.52 7.10 ± 2.98 0.011
SCr (µmol·L− 1) 84.55 ± 34.49 81.39 ± 23.39 0.102
Uric acid (µmol·L− 1) 375.01 ± 112.07 358.70 ± 100.67 0.019
Triglyceride (mmol·L− 1) 1.67 ± 0.97 1.84 ± 1.61 0.023
TC (mmol·L− 1) 4.28 ± 1.07 4.62 ± 1.24 <0.01
HDL-C (mmol·L− 1) 1.09 ± 0.24 1.15 ± 0.34 0.004
LDL-C (mmol·L− 1) 2.60 ± 0.89 2.84 ± 0.99 <0.01
Preoperative albumin 
(g·L− 1)

39.53 ± 3.96 39.43 ± 4.31 0.705

Postoperative albumin 
(g·L− 1)

31.82 ± 4.53 38.77 ± 5.47 <0.01

Note Data are the mean ± Standard deviation, mean (25% quartile-75% quartile) 
or n (%)

Abbreviations RBC, red blood cells; WBC, white blood cells; HGB, hemoglobin; 
PLT, platelet count; NEU, neutrophil count; LYM, lymphocyte count; MON, 
monocyte count; DBIL, direct bilirubin; IBIL, indirect bilirubin; ALT, alanine 
aminotransferase; AST, alanine aminotransferase; SCr, Serum creatinine; TC, 
Total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; & Albumin, Perioperative Serum Albumin

Fig. 2 ROC curve of various serum albumin predicting CI-AKI
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significantly greater than that in the low &Alb group. The 
AUC of &Alb for detecting CI-AKI after PCI was 0.675 
(95% CI = 0.627–0.724, P < 0.001), with a sensitivity of 
70.7%. We demonstrated that decreased perioperative 
albumin levels (&Alb ≥ 4.55  g · L− 1) were an indepen-
dent risk factor for CI-AKI and an important predic-
tor of MACEs 1 year after PCI in patients with CHD; 
&Alb ≥ 4.55  g · L− 1 could not only be used for the early 
identification of CI-AKI in the short term after PCI in 
patients but also had high predictive value for MACEs 1 
year after PCI.

Contrast agents are commonly used to enhance 
imaging, particularly in computed tomography and 
magnetic resonance imaging, as well as in coronary angi-
ography (CAG) and percutaneous coronary interven-
tion (PCI) [12, 23]. In patients undergoing PCI, CI-AKI 
has emerged as a serious complication closely related to 
clinical adverse events, increasing morbidity and mortal-
ity rates [3, 5, 24]. The clinical and surgical prognosis of 
patients with CHD is significantly improved by the use 
of coronary stenting [25]. However, the incidence of CI-
AKI is increasing annually, and CI-AKI has become a 
critical complication of coronary revascularization. Our 
results showed that CI-AKI increases the occurrence of 
MACE and significantly affects the clinical prognosis of 
patients after PCI. The pathogenesis of CI-AKI is com-
plex, and the specific pathophysiologic basis remains 
unclear. At present, this effect is primarily attributed to 
intrarenal vasoconstriction, the production of reactive 
oxygen species, and direct tubular injury. After intravas-
cular injection of contrast media, various factors can lead 

to renal vasoconstriction, including antidiuretic hormone 
(ADH), adenosine, and endothelin-1 (ET-1) [26]. These 
factors transiently increase renal arterial blood flow, fol-
lowed by persistent severe contraction, eventually caus-
ing renal hypoperfusion, renal medullary ischaemia, and 
hypoxia [27]. Oxidative stress injury may also be one of 
the pathophysiological mechanisms of CI-AKI. The con-
trast agent can lead to a reduction in blood supply to the 
renal medulla, causing an imbalance between metabolic 
demand and blood supply in the thick ascending limb of 
the Henle loop in the outer medullary layer. This imbal-
ance results in the generation of superoxide, leading to 
oxidative necrosis of the renal tubules [28, 29]. Direct 
cytotoxicity of contrast agents in vascular endothelial 
cells leads to elevated levels of endothelin and adenos-
ine, reduced nitric oxide and prostaglandins [30], and 
increased fluid viscosity in vascular and tubular cells. 
Although the majority of contrast media-induced kidney 
damage can return to normal levels within 1 to 4 weeks, 
several risk factors, such as CKD and hypotension, may 
result in the loss of functional nephrons and impair-
ment of renal function. As the dose of contrast medium 
increases, the regenerative capacity of tubular epithelial 
cells is compromised, leading to potential fibrosis and 
permanent loss of function in some renal units [31, 32]. 
Contrast agents act as allergens, triggering systemic aller-
gic reactions and renal immune inflammatory responses 
and playing a role in the mechanisms of CI-AKI [28]. Sys-
temic inflammation can render the kidney more vulner-
able to local inflammation induced by iodinated contrast 

Table 3 Area under curve between valueariables
Variables AUC Cut-off value Sensitivity Specificity P value 95% CI
& Alb 0.675 4.55 0.707 0.585 <0.01 0.626–0.723
Preoperative albumin (g·L− 1) 0.546 39.15 0.565 0.56 0.075 0.495–0.597
Postoperative albumin g·L− 1) 0.659 34.25 0.646 0.616 <0.01 0.626–0.723
Note AUC = area under curve; 95%CI = 95% confidence interval; CI-AKI, contrast-induced acute kidney injury. & Albumin, Perioperative Serum Albumin

Fig. 3 The Kaplan-Meier survival analysis curve of clinical outcomes after 1-year follow-up among the 2 groups. Note Blue line, low &Albumin group; red 
line, high &Albumin group
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agents after angiography, thereby exacerbating the devel-
opment of contrast-induced acute kidney injury.

Vascular remodelling induced by oxidative stress and 
the secondary inflammatory response is the central link 
in the chain of events in CHD. Endothelial dysfunction 
and an imbalance in smooth muscle phenotype conver-
sion are two key factors in vascular remodelling. Athero-
sclerosis is associated with several susceptibility factors 
for CI-AKI and results in the release of reactive metabo-
lites that can induce haemodynamic and inflammatory 
changes, further compromising renal blood flow. As one 
of the routine examinations for hospitalized patients, 
serum albumin plays a crucial role in binding and trans-
porting endogenous and exogenous substances in the 
body. It helps maintain stable colloid osmotic pressure in 
the blood, eliminates free radicals harmful to the body, 
and inhibits platelet aggregation to achieve an anticoagu-
lant effect [33]. Low levels of serum albumin can lead to 
the cytotoxicity and strong atherogenic effects of oxida-
tively deformed LDL [34]. Conversely, reduced albumin 
expression can increase blood viscosity, thereby promot-
ing the progression of CHD and disrupting normal vas-
cular endothelial function, ultimately impairing cardiac 
function. As indicators of nutritional status and inflam-
matory factors, perioperative albumin levels and post-
operative outcomes were investigated. Several previous 
studies have shown that perioperative albumin levels are 
significantly associated with postoperative complications 
in patients with malignancies, such as colorectal cancer, 
gastric cancer, and lung cancer, as well as in noncan-
cer patients [13, 15, 17, 18]. Similarly, the relationship 
between perioperative albumin levels and adverse out-
comes after abdominal surgery has been discussed [17, 
18].

The incidence of CI-AKI in patients after PCI was 
found to be as high as 15.3% in this study, making early 
identification of patients at risk for CI-AKI extremely 
important. In terms of CI-AKI, our findings are largely 
consistent with the results from a clinical study in which 
890 ACS patients were enrolled and underwent primary 
PCI, indicating that lower serum albumin levels may 
predict CI-AKI development after primary PCI in ACS 
patients [8]. Moreover, multivariate logistic regression 
analysis revealed that a high &Alb level (OR 2.495, 95% 
CI: 1.277–4.874, P = 0.007) can predict CI-AKI develop-
ment after primary PCI in CHD patients. Receiver oper-
ating characteristic curve analysis revealed that the &Alb 
level is an accurate predictor for the development of CI-
AKI. The area under the curve was 0.675 for the baseline 
&Alb level (95% CI: 0.627–0.724, P < 0.001). The optimal 
cut-off point of &Alb was 4.55 g/L, with a sensitivity of 
70.7% and a specificity of 58.5%. These findings suggest 
that a reduction in perioperative serum albumin levels 
can serve as a predictor of CI-AKI following PCI. This 

can aid in the early identification of patients undergoing 
PCI who are at high risk of developing CI-AKI, laying the 
groundwork for implementing preventive strategies. For 
patients with decreased serum albumin levels during the 
perioperative period, it is necessary to maintain sufficient 
mean arterial pressure, supplement albumin, and admin-
ister medication to reduce extravascular protein leakage. 
More samples and studies are needed to further prove 
this point.

By comparing the baseline data of the two groups of 
patients, we also found that the patients in the high &Alb 
group were older and had lower body mass index values. 
This observation suggests that the postoperative reduc-
tion in albumin levels was more pronounced in older 
patients than in younger patients, which may be associ-
ated with low food intake and poor nutritional status in 
elderly patients. Serum albumin levels are primarily used 
to assess malnutrition and chronic diseases. A low level 
of serum albumin can result in decreased plasma col-
loid osmotic pressure, excessive fluid accumulation in 
the interstitial space, reduced effective circulating blood 
volume, microcirculatory disturbances, hypoperfusion of 
vital organs, and potentially multiple organ dysfunction. 
This suggests that we should direct more attention to the 
nutritional status of elderly patients before surgery.

At the 1-year follow-up, the incidence of MACEs was 
greater in the high &Alb group than in the low &Alb 
group. Cox regression analysis revealed that CI-AKI 
was an independent predictor of the primary endpoint 
outcome, indicating that CI-AKI is associated with an 
increase in MACEs in CHD patients. CI-AKI is strongly 
linked to a poor prognosis. The results of this study 
highlight the importance of CI-AKI in the incidence of 
MACEs.

This study has several limitations. First, all patients in 
the current study came from one hospital, so the sample 
size was small, and selection bias was inevitable. This 
issue needs to be addressed by collecting data from a 
larger sample size to further demonstrate its impact. 
Furthermore, many factors can affect albumin levels 
and/or the incidence of myocardial infarction. Although 
many disease states that may affect the final results were 
excluded from this study and multifactor adjustments 
were performed to reduce bias, there may still be other 
confounding factors that were not adjusted for during 
enrolment, which may have affected the results.

Conclusion
Serum albumin levels measured before and after surgery 
can help identify CI-AKI after PCI and predict long-
term prognosis. According to the extent of perioperative 
albumin reduction, clinicians are encouraged to imple-
ment additional CI-AKI prevention measures for CI-
AKI patients and closely monitor high-risk patients to 
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improve patient prognosis. This approach holds signifi-
cant clinical relevance and practical value.
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