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Objective: The association of lactate and contrast-induced acute kidney injury (CI-AKI) 
has not been well established. This prospective study was planned to identify the effects 
of lactate level on the occurrence of CI-AKI and long-term prognosis with acute 
myocardial infarction (AMI) patients undergoing emergency percutaneous coronary inter-
vention (PCI).
Methods: A total of 280 patients with AMI who underwent emergency PCI were 
selected from March 2018 to March 2019. A receiver operating characteristic (ROC) 
curve was used to analyze the optimal cut-off value of lactate on predicting CI-AKI after 
PCI. A multivariable logistic regression model was used to explore the significant 
predictors that might affect the occurrence of CI-AKI after univariate analysis. The 
primary endpoints were clinical outcomes including events: a combined endpoint of 
major adverse cardiovascular events, re-hospitalization due to heart failure, and worsen-
ing renal function. The Cox regression model was further used to analyze the predictors 
of the long-term prognosis after PCI.
Results: Among the 280 patients, 64 patients (22.9%) developed CI-AKI after emergency PCI 
procedure. Multivariable logistic regression analysis revealed that baseline lactate level was the 
independent risk factor for the development of CI-AKI (OR, 3.657; 95% CI, 2.237–5.978; 
p<0.001). The area under the ROC curve for predicting CI-AKI of lactate was 0.786, and the 
optimum cut-off point of lactate was 3.02 mmol/L, with sensitivity of 65.6% and specificity of 
85.2%. The incidence of primary endpoints in the high lactate group (lactate ≥3.02mmol/L) was 
significantly increased compared with the control group [26.3% (42/160) vs 15.8% (19/120), 
χ2=4.430, p=0.035]. Cox regression analysis also confirmed high lactate was an independent 
predictor for primary endpoint outcomes at 1-year follow-up (HR, 1.916; 95% CI, 1.118–3.285; 
p=0.018).
Conclusion: Our study demonstrates that baseline high lactate levels may be associated 
with an increased risk of CI-AKI and are the important predictors of long-term poor 
cardiorenal outcomes in AMI patients undergoing emergency PCI.
Keywords: myocardial infarction, contrast media, acute kidney injury, lactate, percutaneous 
coronary intervention, prognosis
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Background
Iatrogenic renal impairment suffered from contrast media 
is the third leading cause of hospital-acquired acute renal 
failure.1,2 Contrast-induced acute kidney injury (CI-AKI) 
is closely related to hospital mortality, 1- and 2-year 
mortality.3,4 Continuous elevation of lactate indicators 
indicates adverse clinical consequences.5 Lactate is closely 
related to capillary perfusion and is a good microcircula-
tion biomarker.6–9 Blood lactate can reflect the oxygen 
supply and metabolism of tissues and insufficient 
perfusion,10 which may be related to the occurrence of CI- 
AKI. For acute myocardial infarction (AMI), acute 
changes in hemodynamics may cause changes in blood 
lactate due to impaired cardiac function. This study was 
planned to identify the effects of lactate level on the 
occurrence of CI-AKI and long-term prognosis with AMI 
patients undergoing emergency percutaneous coronary 
intervention (PCI).

Materials and Methods
Study Design
This project was a prospective and registration study. 
Of AMI participants who underwent emergency PCI in 
Zhongda Hospital Affiliated to Southeast University 
from March 2018 to March 2019, 280 were selected. 
The criteria for admission were: (1) the diagnosis of 
ST-segment elevation myocardial infarction(STEMI) 
was in accordance with the 2015 guidelines for the 
diagnosis and treatment of acute ST-segment elevation 
myocardial infarction of the Cardiovascular Diseases 
Branch of the Chinese Medical Association; (2) the 
diagnosis of non-acute ST-segment elevation myocar-
dial infarction (NSTEMI) was in accordance with the 
guidelines for the diagnosis and treatment of non-ST- 
segment elevation acute coronary syndrome formulated 
by the Cardiovascular Diseases Branch of the Chinese 
Medical Association. Exclusion criteria were: (1) 
hemodynamic instability before emergency PCI; (2) 
long-term renal replacement therapy (including hemo-
dialysis and peritoneal dialysis); renal transplantation; 
(3) asthma attack, chronic obstructive pulmonary dis-
ease, pulmonary fibrosis and pulmonary heart disease; 
(4) diabetic ketoacidosis; (5) malignant tumors; (6) CT, 
MRI and other contrast agent examinations within 14 
days before admission; (7) death or emergency 

coronary artery bypass grafting during emergency 
PCI; (8) contrast agent allergy; (9) the use of nephro-
toxic drugs (including large doses of loop diuretics, 
non-steroidal anti-inflammatory drugs other than 
aspirin, aminoglycosides, amphotericin B and tradi-
tional Chinese medicine containing aristolochic acid, 
etc.) in the past two weeks. This study was approved 
by the Ethics Committee of our hospital, and all 
selected patients provided informed consent.

CI-AKI Criteria and Lactate Assay
According to the criteria formulated by the European 
Association for Urogenital Radiation published in 2011,11 

CI-AKI refers to the exclusion of renal function damage 
caused by other reasons. Between 48 and 72 hours after 
the application of contrast medium, the serum creatinine 
(SCr) increased by more than 44.2 umol/L or 25% com-
pared with the basic SCr. SCr levels were measured before 
and after emergency PCI for 2–3 days. The blood samples 
for lactate assay were collected at baseline coronary angio-
graphy by the sheath of the radial/femoral artery, and then 
measured by ABL720 blood gas analyzer (Danish Reddo 
Company). The estimated glomerular filtration rate 
(eGFR) was calculated according to the modified MDRD 
formula by Chinese chronic kidney disease patients’ data 
(eGFR = 175 × SCr−1.234 × age−0.179 × [0.79 (if female)]), 
where the unit of SCr is mg/dl.

Emergency PCI and Clinical Medication
Emergency PCI is performed in the following STEMI and 
NSTEMI patients. (1) STEMI patients with chest pain 
within 12 hours of onset or with new left bundle branch 
block; and also emergency PCI should be considered in 
patients with clinical and/or electrocardiographic evidence 
of progressive ischemia within 12 to 24 hours after onset. 
(2) NSTEMI patients with an extremely high risk of myo-
cardial ischemia, and NSTEMI patients with a GRACE 
score of >140 and many other high-risk factors.

All patients were operated on by interventional physi-
cians in the catheter room of our hospital. Seldinger punc-
ture was used to puncture the radial/femoral artery. 
Coronary angiography was performed by JudKins method. 
In principle, according to the specific results of coronary 
angiography, emergency PCI only deals with criminal 
vessels. The operation method and operation time were 
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not limited. All emergency PCI patients were treated with 
a minimum required amount of iodixanol contrast agent. 
The type of stent used in emergency PCI was determined 
by the interventional physician according to the clinical 
condition of patients. All patients were treated with load- 
dose double antiplatelet aggregation drugs (aspirin 300mg 
and clopidogrel 300 mg, or ticagrelor 180 mg) before 
operation. Antiplatelet drugs and statins were used after 
operation; vasoactive drugs (such as dopamine, sodium 
nitroprusside, etc.), intra-aortic balloon pump, platelet 
membrane glycoprotein II b/IIIa receptor antagonist, and 
the use of β-receptor blockers, angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockers, 
nitrates and calcium antagonists were determined by phy-
sicians based on respective clinical conditions. During the 
study period, nephrotoxic drugs (including large doses of 
loop diuretics, non-steroidal anti-inflammatory drugs other 
than aspirin, aminoglycosides, amphotericin B and tradi-
tional Chinese medicine containing aristolochic acid, etc.) 
were avoided.

Follow-Up and Endpoints
All patients had a follow-up evaluation at a clinic visit or 
via telephone contact at 1 year. The primary endpoints 
were clinical cardiorenal outcomes including events: 
a combined endpoint of major adverse cardiovascular 
events (MACE, defined as: all-cause death, non-fatal myo-
cardial infarction, target vascular revascularization), re- 
hospitalization due to heart failure, and worsening renal 
function (defined as: chronic kidney disease classification 
worsening, dialysis or hemofiltration due to symptoms or 
signs of uremic syndrome or management of refractory 
hypervolemia, hyperkalemia or acidosis).

Statistical Analysis
SPSS 19.0 statistical software was used for statistical 
analysis. The measurement data were expressed by 
mean + standard deviation or median and interquartile 
range, and the comparison between groups was expressed 
by independent sample t-test or Mann–Whitney U-test, 
where appropriate. The counting data were expressed by 
percentage and the comparison between groups was 
tested by chi-square analysis or Fisher’s exact test. 
A multivariable logistic regression model was subse-
quently used to explore the risk factors that might affect 

the occurrence of CI-AKI after univariate analysis. To 
determine the accuracy and respective best cut-off values 
of lactate for predicting CI-AKI, the receiver operating 
characteristic (ROC) curve and the corresponding area 
under curve (AUC) were used. The survival analysis 
was performed by Kaplan–Meier method, and the com-
parison between the two groups was performed by log 
rank test. Multivariate Cox regression analysis combined 
with the backward stepwise method was used to analyze 
the predictive factors of clinical outcomes in AMI 
patients during 1-year follow-up after PCI. Two-sided 
p-values of <0.05 were considered statistically 
significant.

Results
Baseline Characteristics
In our study, 280 patients were consecutively enrolled 
(Figure 1). The mean age of them was 63 ± 13 years 
(range: 26–93), and 218 patients (77.9%) were male. Of 
these patients, 179 (63.9%) had hypertension, 85 (30.4%) 
were previously diagnosed with diabetes mellitus, and 27 
(9.6%) received previous percutaneous coronary interven-
tion (pre-PCI). Overall, 64 patients (22.9%) developed 
post-operative CI-AKI.

Baseline clinical characteristics are summarized in 
Table 1. The patients with CI-AKI were older, and they 
were more likely to be smokers and to have received pre- 
PCI on admission (p<0.05). Body mass index (BMI) and 
preoperative lactate levels were higher, while eGFR, left 
ventricular ejection fraction (LVEF), hemoglobin, and 
albumin levels were lower. There was no significant dif-
ference in gender, systolic/diastolic blood pressure, heart 
rate, hypertension, diabetes, stroke, old myocardial infarc-
tion (OMI), the prevalence of STEMI, contrast volume and 
in-hospital medications between the groups (p>0.05). 
Participants with CI-AKI on average were more likely to 
have higher hospitalization time and costs, and had more 
left anterior descending vessels for culprit lesion, and 
a higher percentage use of IABP during emergency PCI 
(p<0.05).

Correlation Between Preoperative 
Lactate and the Occurrence of CI-AKI
Spearman correlation analysis revealed that there was 
a significantly positive correlation between preoperative 
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lactate and the occurrence of CI-AKI (r=0.416, p<0.001). 
In univariate regression analysis, age, BMI and smoking, 
pre-PCI, levels of LVEF and lactate, hemoglobin, albumin, 
the culprit lesion for LAD, and the use of IABP were 
significantly associated with the development of CI-AKI. 
A multivariable logistic regression model was used after 
univariate analysis. Multivariate logistic regression analy-
sis revealed that baseline lactate level and IABP were the 
independent risk factors for the development of CI-AKI. 
However, the levels of eGFR, LVEF, and albumin were the 
protective factors for the CI-AKI. See Table 2 for details.

On ROC curve analysis (Figure 2), the lactate level 
was an accurate predictor for the development of CI-AKI; 
the AUC was 0.786 for the baseline lactic acid level (95% 
CI: 0.712–0.860, p<0.001). The optimum cut-off point of 
lactate was 3.02mmol/L, with sensitivity of 65.6% and 
specificity of 85.2%.

According to the lactate level based on the optimal cut- 
off value, we divided the patients into 2 groups: the high 

lactate group, 160 patients (lactate ≥3.02mmol/L), and the 
control group, 120 patients (lactate <3.02mmol/L). 
Noteworthily, the level of eGFR in the high lactate group 
was significantly lower than that in the control group [(71 
± 23) vs (83± 22), p<0.001]. Lactate was negatively cor-
related with eGFR (r=−0.268, p<0.001), The correlations 
of lactate with eGFR are shown in Figure 3A. We found 
the incidence of CI-AKI in high lactate group was signifi-
cantly increased compared with the control group [31.3% 
(50/160) vs 11.7% (14/120), p<0.001, Figure 3B].

Analysis of Lactate and Long-Term 
Clinical Outcomes
The 1-year follow-up results for each group are shown in 
Table 3. Patients with high preoperative lactate levels 
(≥3.02mmol/L) had worse clinical outcomes, with 
a greater incidence of primary endpoints [26.3% (42/160) 
vs 15.8% (19/120), p=0.035], demonstrating that elevated 
lactate level was associated with poor cardiorenal 

Figure 1 Study flow chart.
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Table 1 Baseline Clinical Characteristics Between Patients with CI-AKI and Those without CI-AKI

Variables All Patients (n=280) CI-AKI (n=64) Non-CI-AKI (n=216) p-value

Age (years) 63±13 66±14 61±13 0.014

Male, n (%) 218(77.9) 46(71.9) 172(79.6) 0.230

BMI (kg/m2) 24.1±2.9 25.0±2.9 23.8±2.9 0.008

Systolic BP (mmHg) 128±22 125±23.0 129±21.2 0.136

Diastolic BP (mmHg) 77±14 74.1±14.3 77.6±13.4 0.077

HR (times/min) 81±16 82.5±14.7 80.1±16.1 0.289

Smoking, n (%) 125(44.6) 38(59.4) 87(40.3) 0.010

Hypertension, n (%) 179(63.9) 39(60.9) 140(64.85) 0.657

Diabetes mellitus, n (%) 85(30.4) 17(26.6) 68(31.5) 0.537

OMI, n (%) 15(5.4) 5(7.8) 10(4.6) 0.345

Pre-PCI, n (%) 27(9.6) 11(17.2) 16(7.4) 0.029

Stroke, n (%) 13(4.6) 5(7.8) 8(3.7) 0.182

LVEF, (%) 43(39,46) 41(37,45) 43(40,47) 0.003

STEMI, n (%) 126(45.0) 26(40.6) 100(46.3) 0.476

Lactate (mmol/L) 2.6(2.0,3.1) 3.3(2.6,4.5) 2.5(1.9,2.9) <0.001

WBC (×109/L) 10.3(8.0,12.6) 9.1(7.3,12.0) 10.6(8.4,12.7) 0.114

Hemoglobin (g/L) 140±19 135±20 141±18 0.024

Albumin (g/L) 37.5±4.8 35.5±5.0 38.1±4.6 <0.001

AST (U/L) 41(28,65) 47(29,72) 40(26,65) 0.290

Pre-creatinine(μmol/L) 85.2±29.7 96.8±35.7 75.3±27.6 0.013

eGFR 66.6±14.3 53.4±12.6 68.4±14.6 <0.001

TC (mmol/L) 4.6±1.1 4.6±1.2 4.7±1.1 0.586

LDL-C (mmol/L) 2.9±0.8 2.9±0.9 2.9±0.8 0.895

Medications, n (%)
IIb/IIIa inhibitors 224(80.0) 47(73.4) 177(81.9) 0.155

β-blocker 204(72.9) 51(79.7) 153(70.8) 0.201

ACEI/ ARBs 168(60.0) 37(57.8) 131(60.6) 0.772
CCB 36(12.9) 7(10.9) 29(13.4) 0.676

Statins 255(91.1) 55(85.9) 200(92.6) 0.132

Diuretics 77(27.5) 21(32.8) 56(25.9) 0.339
Contrast dose, mL 100(100, 120) 100(100, 120) 100(100, 120) 0.217

Culprit vessel, n (%) 0.003
LAD 101(36.1) 31(48.4) 70(32.4)

LCX 58(20.7) 4(6.3) 54(25.0)

RCA 121(43.2) 29(45.3) 92(42.6)

IABP, n (%) 28(10.0) 12(18.8) 16(7.4) 0.015

Number of stents, n 1.9±1.1 2.0±1.1 1.9±1.1 0.361

(Continued)
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outcomes. There were no significant differences in all- 
cause death, non-fatal myocardial infarction, target vascu-
lar revascularization and MACE between the two groups. 
However, the incidence of re-hospitalization due to heart 
failure and worsening renal function was significantly 
increased in the high lactate group. The respective 
Kaplan–Meier curves are shown in Figure 4.

The results of Cox regression analysis are presented in 
Table 4. After adjusting for potential confounding factors, 
such as male, elderly (≥60y), smoking, hypertension, dia-
betes mellitus, OMI, pre-PCI, stroke, STEMI, LAD- 
culprit, lower LVEF (<40%), hypoalbuminemia (albumin 
<40 g/L), eGFR<60mL/min, IABP, CI-AKI and high lac-
tate, multivariate Cox regression analysis showed that high 
lactate was an independent predictor for primary endpoint 
outcomes at 1-year follow-up (hazard ratio [HR], 1.916; 
95% CI, 1.118–3.285; p=0.018). Other variables showing 
an independent prognostic impact were CI-AKI (HR, 
2.075; 95% CI, 1.180–3.649; p=0.011) and elderly (HR, 

2.537; 95% CI, 1.332–4.833; p=0.005) in AMI patients 
undergoing emergency PCI after 1 year.

Discussion
In this study, we investigated the predictive value of pre-
operative lactate level on CI-AKI and long-term adverse 
cardiorenal outcomes in patients with AMI after emer-
gency PCI. In agreement with many other studies,12–14 

the occurrence of CI-AKI caused enormous influences in 
clinical practice, prolonging the length of stay and increas-
ing the cost of hospitalization. Our study also demon-
strated that lactate level was independently associated 
with an increased risk of CI-AKI, and then found that 
a lactate cut-off of ≥3.02 mmol/L was an important pre-
dictor of long-term poor cardiorenal outcomes in AMI 
patients undergoing emergency PCI.

Kidneys are prone to ischemic injury because of 
their unique blood circulation, in which renin is usually 
injected with hypoxic tension and has limited reserve. 

Table 1 (Continued). 

Variables All Patients (n=280) CI-AKI (n=64) Non-CI-AKI (n=216) p-value

Hospitalization(days) 7(5,10) 9(6–13) 7(5–9) 0.001

Hospitalization costs (¥) 52,416(42,418,69,892) 61,690(42,705,86,362) 50,865(42,435,62,044) 0.012

Notes: Data are presented as n (%), mean and standard deviation or median (25th–75th). 
Abbreviations: BMI, body mass index; BP, blood pressure; HR, heart rate; OMI, old myocardial infarction; Pre-PCI, pre-percutaneous coronary intervention; LVEF, left 
ventricular ejection fraction; STEMI, ST-elevation myocardial infarction; WBC, white blood count; AST, glutamic-oxaloacetic transaminase; eGFR, estimated glomerular 
filtration rate; TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, 
calcium channel blocker; LAD, left anterior descending; LCX, left circumflex; RCA, right coronary artery; IABP, intra-aortic balloon pump.

Table 2 Univariate and Multivariate Logistic Regression Analysis of CI-AKI Risk Factors

Univariate Analysis Multivariate Analysis

OR 95% CI p OR 95% CI p

Age 1.028 1.005–1.050 0.015 0.999 0.962–1.038 0.978

BMI 1.146 1.035–1.269 0.009 1.104 0.955–1.275 0.180

Smoking 2.167 1.228–3.825 0.008 1.379 0.595–3.195 0.453
Pre-PCI 2.594 1.137–5.921 0.024 2.372 0.634–8.870 0.199

LVEF 0.910 0.864–0.958 <0.001 0.911 0.850–0.976 0.008
Lactate 3.558 2.348–5.391 <0.001 3.657 2.237–5.978 <0.001

Hemoglobin 0.983 0.968–0.998 0.025 0.995 0.972–1.019 0.688

Albumin 0.891 0.837–0.948 <0.001 0.847 0.770–0.933 0.001
eGFR 0.361 0.193–0.574 <0.001 0.268 0.164–0.544 0.008

LAD 1.959 1.111–3.454 0.020 1.254 0.576–2.733 0.568

IABP 2.885 1.285–6.473 0.010 3.685 1.014–13.389 0.048

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; DBP, diastolic blood pressure; Pre-PCI, previous percutaneous coronary intervention; LVEF, 
left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; LAD, left anterior descending; IABP, intra-aortic balloon pump.
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Ischemia-reperfusion injury induced by revasculariza-
tion, low cardiac output and renal vasoconstriction 
after myocardial infarction are inevitable Other possi-
ble mechanisms include formation of reactive oxygen 
species, the inflammatory response, medullary hypoxia, 
and direct cytotoxicity on glomerular cells during the 
use of iodine contrast agents.15 All these factors lead to 

a primary tubular damage in the development of CI- 
AKI.16

Serum lactate is a well-known biomarker of tissue 
ischemia, and is commonly used as a diagnostic and prog-
nostic tool in the intensive care environment. Not only 
were measurements at a single point in time associated 
with prognosis, but the duration and area under the curve 
of increased lactate levels in different patient groups were 
also associated with morbidity (organ failure) and 
mortality.17 For example, Schollin-Borg et al found blood 
lactate was a useful indicator for the medical emergency 
team,18 and Shetty et al demonstrated that a serum lactate 
cut-off of ≥2 mmol/L screened for suspected sepsis was 
a risk stratification tool for in-hospital adverse outcomes in 
emergency department patients.8 Zhang and Ni used 
a normalized lactate load model to account for the magni-
tude and time of lactate in the measurement duration and 
demonstrated that normalized lactate load was indepen-
dently associated with acquiring cardiac surgery- 
associated AKI in patients undergoing cardiopulmonary 
bypass.19

To our knowledge, AMI is usually associated with 
the effect of tissue oxygenation, which may be due to 
insufficient oxygen supply or inhibition of mitochon-
drial pyruvate dehydrogenase complex.20 When oxygen 
supply exceeds the capacity of diseased vessels, 
hypoxia forces myocardium to change from an aerobic 
metabolism to an anaerobic metabolism, leading to 

Figure 3 The correlation between lactate and eGFR (A), and the occurrence of CI-AKI among 2 groups (B).

Figure 2 On receiver operating characteristic curve analysis, the lactate level was an 
accurate predictor for the development of CI-AKI; the area under the curve was 0.786 
for the baseline lactate level (95% CI: 0.712–0.860, p<0.001). The optimum cut-off 
point of MPO was 3.02mmol/L, with sensitivity of 65.6% and specificity of 85.2%.
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lactate accumulation.10 As previously reported, lactate 
was the strongest predictor as a determinant of global 
tissue hypoxaemia. The marked increase of serum lac-
tate may be due to the hypoperfusion of spleen and 
kidney, resulting in the decrease of lactate clearance 
during cardiac revascularization procedures.19 Gatien 
et al demonstrated that intravenous lactate levels were 
very sensitive to the diagnosis of AMI, especially in 
patients with chest pain for more than two hours.21 

Moreover, Vermeulen et al found higher lactate levels 
were independently related to 30-day mortality and an 
overall worse response to PCI. Rapid point-of-care 
measurement of arterial lactate at presentation in 
patients with STEMI has the potential to improve 
acute risk stratification.22 Janine et al found arterial 
blood lactate at admission of >5 mmol/L was an inde-
pendent predictor for 30-day mortality in patients with 
cardiogenic shock after AMI.23 Liu et al found that 
a lactic acid level of ≥4.5 mmol/L was an independent 
predictor of death in AMI-cardiogenic shock patients at 
1 year.24 Despite the specificity of such a cut-off being 
addressed, this finding suggested a sensitive power of 
lactate in predicting cardiac death with AMI patients 
during different follow-up periods. However, our 
results were inconsistent with those previous studies. 
We found that higher lactate was associated with post-
operative major cardiorenal complications after 1 year, 
mainly re-hospitalizations for congestive heart failure 
or worsening renal function. But there were no statis-
tically significant differences in the incidence of 
MACE including all-cause death, non-fatal myocardial 
infarction and target vessel revascularization between 
patients with and without high lactate. It’s worth 
emphasizing that, contrary to the studies mentioned 
above, most of our patients do not have hemodynamic 

instability, and we recruited nearly 55% of NSTEMI 
patients all of whom had emergency PCI. Therefore, 
the increase in lactate levels caused by insufficient 
perfusion of heart and kidney due to hemodynamic 
instability is not obvious. Our results also show that 
patients with poor baseline renal function (lower 
eGFR) have higher levels of lactate, which 
supports our findings related to lactate as an indicator 
of kidney function. Therefore, it is easy to conclude 
that patients with poor baseline renal function have 
a significantly worse cardiorenal prognosis, especially 
a higher rate of re-hospitalization due to heart failure 
or worsening renal function.

There are also many shortcomings in this study. (1) 
As a single-center, observational study, with a small 
sample size, the conclusion had certain limitations; use 
of multivariable regression analysis meant it was difficult 
to fully control the differences in baseline characteristics 
between different groups. (2) This study only tested for 
a single lactate, and did not observe dynamically the 
changes in lactate and creatinine levels after PCI. (3) 
The level of lactate is affected by many factors. 
Hypotension, stress and glycometabolic dysregulation 
may also lead to increased lactate levels. One single 
lactate measurement can provide insight into the hemo-
dynamic condition of the patient, but the fact that 
patients with high patency rates have lower lactate levels 
could mean that, after successful primary PCI, lactate 
levels normalize. (4) The evaluation of renal function 
after PCI was limited to the change of creatinine level 
within 72 hours, and the long-term monitoring of renal 
function such as one month or even one year was lack-
ing. (5) This study did not compare with other markers 
such as Cystin C, myeloperoxidase, etc., and the mechan-
ism of CI-AKI occurrence was not deep enough. (6) We 

Table 3 The 1-Year Follow-Up Clinical Outcomes

Variables All Patients (n=280) High Lactate (n=160) Control (n=120) p-value

Primary endpoints 61(21.8%) 42(26.3%) 19(15.8%) 0.035
MACE 38(13.6%) 24(15.0%) 14(11.7%) 0.402

All-cause death 7(2.5%) 5(3.1%) 2(1.7%) 0.439

Non-fatal myocardial infarction 15(5.4%) 8(5.0%) 7(5.8%) 0.785
Target vascular revascularization 25(8.9%) 15(9.4%) 10(8.3%) 0.727

Re-hospitalization due to heart failure 17(6.1%) 14(8.7%) 3(2.5%) 0.031

Worsening renal function 31(11.1%) 23(14.4%) 8(6.7%) 0.038

Abbreviation: MACE, major adverse cardiovascular events.
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collected patients’ serum creatinine and lactate levels at 
baseline during coronary angiography. However, baseline 
serum creatinine and lactate measured on admission can-
not be considered true baseline values as an increase may 
have already occurred before hospital admission.

Conclusions
The results of this study suggest that preoperative high 
lactate levels may be an independent risk factor in patients 
who developed CI-AKI and are the important predictor of 
long-term poor cardiorenal outcomes with AMI 

Figure 4 The Kaplan–Meier analysis curve of clinical outcomes after 1-year follow-up among 2 groups.
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undergoing emergency PCI. This finding needs to be con-
firmed by further large samples and prospective rando-
mized controlled trials in other institutional settings.
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