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Abstract
Background: Among ST segment elevation myocardial in-
farction (STEMI), early hemodynamic changes may result in 
acute kidney injury (AKI) even prior to primary percutaneous 
coronary intervention (PCI); however, no information to date 
is present regarding the association between pain-to-bal-
loon time (PBT) and AKI. We evaluated whether PBT predicts 
the risk of AKI among STEMI patients undergoing primary 
PCI. Methods: Medical records of 2,343 STEMI patients un-
dergoing primary PCI were reviewed. Patients were stratified 
by PBT into 3 groups: ≤120, 121–360, and >360 min. Patients’ 
records were assessed for the occurrence of AKI (defined by 
the KDIGO criteria as serum creatinine (sCr) elevation ≥0.3 
mg/dL within 72 h after admission). Results: Mean age was 
61 ± 13 years, and 1,919 (82%) were male. Patients having 
longer PBT had more AKI complicating the course of STEMI 
(7% vs. 8% vs. 13%, p < 0.001) and had significantly higher 
sCr changes throughout hospitalization (0.08 mg/dL vs. 0.11 
mg/dL vs. 0.17 mg/dL p < 0.001). In a multivariable logistic 

regression model, each 1-h increase in PBT was indepen-
dently associated with a 2.2% increase in risk for AKI (odds 
ratio 1.022, 95% confidence interval: 1.01–1.04, p = 0.02). 
Conclusion: Longer PBT may be an independent marker for 
the development of AKI in STEMI patients undergoing pri-
mary. © 2022 The Author(s).

Published by S. Karger AG, Basel

Background

While contrast nephropathy is considered the most 
important mechanism for worsening of renal function 
among ST segment elevation myocardial infarction (STE-
MI) patients treated by primary percutaneous coronary 
intervention (PCI) [1–3], recent data suggested the role 
of other important factors [4, 5]. Time to reperfusion is a 
powerful prognostic marker in STEMI patients [6, 7], and 
a major effort is invested in minimizing total ischemic 
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duration in order to improve survival following STEMI 
[8].

The sudden myocardial insult in STEMI with acute re-
duction in left-ventricle function often results in an acute 
reduction in the cardiac output [5]. This early hemody-
namic deterioration may, in theory, lead to reduced renal 
perfusion and consequently to acute kidney injury (AKI). 
Renal hypoperfusion primarily affects the function and 
structure of tubular epithelial cells, which, in severe cases, 
is characterized by epithelial cell ischemia and necrosis 
[9–11]. These alterations can result in irreversible loss or 
delayed restoration of renal function and may also in-
crease susceptibility to contrast-induced AKI in patients 
undergoing primary PCI [12]. We hypothesized that 
among STEMI patients, longer pain-to-balloon time 
(PBT) prolongs decreased renal perfusion, thus increas-
ing the risk for AKI development.

Methods

A retrospective, single center observational study was per-
formed at the Tel-Aviv Sourasky Medical Center, a tertiary referral 
hospital with a 24/7 primary PCI service.

Study Population
Included were 2,586 patients, admitted between 2007 and 2019 

with the diagnosis of acute STEMI subsequently treated with pri-
mary PCI. Patients transferred from other hospitals (n = 32) were 
excluded. Patients in whom no documentation of the PBT interval 
or renal function parameters was found in medical records were 
excluded as well (n = 211). The final study population included 
2,343 STEMI patients.

Clinical Definitions
Diagnosis of STEMI was established in accordance to pub-

lished guidelines including a typical chest pain history, diagnostic 
electrocardiographic changes, and serial elevation of cardiac bio-
markers [13]. Primary PCI was performed in patients with symp-
toms ≤12 h in duration as well as in patients with symptoms lasting 
12–24 h if pain consisted at the time of admission. Pain-to-door 
time (PDT) was defined as time from the symptom onset (usually 
chest pain or discomfort) to hospital admission (either to the 
emergency room or directly to the catheterization laboratory) as 
documented in the patient’s medical records. Door-to-balloon 
time (DBT) was defined as the time interval between a patient’s 
arrival at the hospital and the first balloon inflation or device de-
ployment in the culprit artery as taken from the computerized pa-
tient file. PBT was defined as the sum of PDT and DBT times.

All patients underwent a screening echocardiographic exami-
nation within 3 days of admission to assess left ventricular (LV) 
ejection fraction. For the purpose of evaluating differences in pa-
tient characteristics and outcomes, we stratified patients into 3 
groups based on PTB: ≤120 and 121–360 and >360 min. Baseline 
demographics, cardiovascular history, clinical risk factors, labora-
tory results, coronary findings during PCI, and echocardiographic 

measurements were all retrieved from the hospital electronic med-
ical records.

Laboratory
The initial serum creatinine (sCr) level was determined upon 

hospital admission (prior to primary PCI). Follow-up levels were 
evaluated at least once daily during the postinterventional stay at 
the cardiac intensive care unit or the intermediate care step-down 
unit. The estimated glomerular filtration rate was calculated using 
the Chronic Kidney Disease Epidemiology Collaboration equation 
[14]. Chronic kidney disease (CKD) was defined as an admission 
estimated glomerular filtration rate of ≤60 mL/min/1.73 m2 [14], 
based on sCr at presentation. AKI occurrence was determined 
based on the KDIGO criteria and defined as an increase in sCr ≥0.3 
mg/dL within 48 h of admission [15].

In a subgroup of 224 patients, serum neutrophil gelatinase-as-
sociated lipocalin (NGAL) levels from venous blood were collected 
24 h following admission to the cardiac intensive care unit. Sam-
ples were centrifuged within 10 min using a cooled centrifuge, and 
plasma and serum were stored at −20°C. NGAL levels were ana-
lyzed using NGAL rapid turbidimetric immunoassay (Bioporto 
Diagnostics, Copenhagen, Denmark).

Statistical Methods
Continuous variables were presented as mean and standard de-

viation and compared with the one-way ANOVA. Categorical 
variables are presented as number and percentages, and p values 
were calculated with the χ2 test or Fisher’s exact test when appro-
priate. Potential independent predictors of AKI were assessed us-
ing multivariate logistic regression models adjusted for all baseline 
variables found to be significant in univariate analysis. A two-
tailed p value of <0.05 was considered significant for all analyses. 
All analyses were performed with the SPSS software (SPSS Inc., 
Chicago, IL, USA).

Results

Study population included 2,343 STEMI patients (age 
61 ± 13, 82% men); of these, 852 (36%) had PBT ≤120 
min, 925 (40%) had PBT of 121–360 min, and 566 (24%) 
had PBT >360 min. Table 1 presents the baseline charac-
teristics of patients according to the 3 PBT groups. Pa-
tients with longer PBT were older, more likely to be fe-
male, and had more comorbidities. There was a graded 
increase in both PDT and DBT time within the 3 groups; 
however, mean DBTs were still <90 min for all groups.

Table  2 compares the occurrence of AKI and sCr 
changes within the 3 groups. Prolonged PBT was associ-
ated with a higher incidence of AKI complicating the 
course of STEMI (7% vs. 7.7% vs. 13.1%, p < 0.001, Fig. 1) 
and significantly higher sCr changes throughout hospi-
talization (p < 0.001). There was no significant difference 
in the presence of CKD at presentation and the amount 
of contrast volume used during PCI. In a subgroup anal-
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ysis of 224 patients, serum NGAL levels also demonstrat-
ed a graded elevation with increased PTB time (p < 0.001).

As presented in Table 3, in a multivariate binary logis-
tic regression model for the prediction of AKI, each 1-h 
increase in PBT was independently associated with an av-
erage 2.2% increase in risk for AKI occurrence (odds ratio 
1.02, 95% confidence interval: 1.01–1.04, p = 0.02, model 
1). In a second model, PBT >360 min turned out to be a 
strong an independent predictor for AKI occurrence 
(odds ratio 1.6, 95% confidence interval: 1.1–2.2, p = 
0.006, model 2). Other factors independently associated 
with AKI included age >60 years, CKD, hypertension, 
and LV ejection fraction ≤45%.

Discussion

To all our knowledge, this is the first study assessing 
the relation between total ischemic time until reperfusion 
and AKI among STEMI patients. The main finding of the 
current study is that longer PBT is independently associ-
ated with the development of AKI in this population.

The latest era has seen a reduction in ischemic time by 
successfully focusing on DBT as a major objective for 
quality assessment [16], with the majority of patients 
nowadays treated within the relatively short recommend-
ed time frame once arriving at hospital doors [17, 18]. The 
sudden myocardial insult in STEMI often results in an 

Table 1. Baseline characteristics of 2,343 STEMI patients stratified by PBTs

PBT <120 min 
(n = 852)

PBT 120–360 min 
(n = 925)

PBT >360 min 
(n = 566)

p value

Age, mean±SD, years 59±12 62±13 63±14 <0.001
Gender (men), n (%) 735 (86) 740 (80) 442 (78) <0.001
Hypertension, n (%) 329 (39) 416 (45) 278 (49) <0.001
Diabetes mellitus, n (%) 163 (19) 206 (22) 163 (29) <0.001
Family history of CAD, n (%) 181 (21) 219 (24) 99 (18) 0.02
Past myocardial infarction, n (%) 125 (15) 115 (12) 63 (11) 0.13
Smoking history, n (%) 436 (51) 482 (52) 272 (48) 0.31
Hyperlipidemia, n (%) 405 (48) 441 (48) 280 (49) 0.73
Coronary artery disease severity

One vessel disease, n (%) 394 (46) 389 (42) 228 (40)
0.04Two vessel disease, n (%) 257 (30) 286 (31) 164 (29)

Three vessel disease, n (%) 202 (24) 251 (27) 174 (31)
PDT, mean±SD, min 57±17 153±62 954±431 <0.001

DBT, mean±SD, min 36±14 49±23 54±27 <0.001
LV ejection fraction, mean±SD 48±8 47±8 46±8 <0.001

CAD, coronary artery disease.

Table 2. Renal characteristics at presentation and outcomes according time to reperfusion

PBT ≤120 min 
(n = 852)

PBT 121–360 min 
(n = 925)

PBT >360 min 
(n = 566)

p value

eGFR at presentation, mean ± SD, mL/min/1.732 75±23 77±23 74±24 0.08
CKD,* n (%) 189 (22) 210 (23) 149 (26) 0.16
AKI, n (%) 60 (7.0) 71 (7.7) 74 (13.1) <0.001
sCr change, mean ± SD, mg/dL 0.08±0.19 0.11±0.32 0.17±0.52 <0.001
Peak sCr, mean ± SD, mg/dL 1.19±0.38 1.19±0.45 1.29±0.78 0.009
NGAL levels (mean ± SD)+, ng/mL 87±20 104±32 156±42 <0.001
Contrast material volume (mean ± SD)++, mL 148±45 143±45 144±49 0.64

SD, standard deviation; eGFR, estimated glomerular filtration rate, sCr, serum creatinine. * CKD was defined using sCr at presentation. 
+ NGAL levels were available in 224 patients. ++ Contrast volume was available for 406 patients.
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Table 3. Univariate and multivariate binary logistic regression analysis for AKI

Univariate analysis Multivariate analysis model 1 Multivariate analysis model 
2

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age >60 years 4.7 (3.3–6.6) <0.001 1.8 (1.2–2.7) 0.006 1.8 (1.2–2.8) 0.006
Female gender 1.8 (1.3–2.4) 0.001 1.2 (0.9–1.8) 0.25 1.2 (0.9–1.8) 0.26
Chronic renal failure (eGFR <60) 5.6 (4.2–7.6) <0.001 3.1 (2.2–4.4) <0.001 3.2 (2.2–4.5) <0.001
Ejection fraction ≤45% 2.8 (2.1–3.8) <0.001 2.4 (1.7–3.3) <0.001 2.4 (1.7–3.4) <0.001
Hypertension 3.1 (2.6–4.2) <0.001 1.9 (1.3–2.6) <0.001 1.8 (1.3–2.6) <0.001
Smoking history 0.5 (0.4–0.7) <0.001 0.9 (0.6–1.2) 0.51 0.9 (0.6–1.2) 0.49
Diabetes mellitus 1.7 (1.3–2.4) <0.001 1.2 (0.8–1.7) 0.31 1.2 (0.9–1.7) 0.29
Family history of CAD 0.4 (0.3–0.6) <0.001 0.8 (0.5–1.3) 0.33 0.8 (0.5–1.3) 0.34
Past myocardial infarction 1.7 (1.2–2.5) 0.004 1.3 (0.9–1.9) 0.17 1.3 (0.9–2.0) 0.18
PBT (h) 1.04 (1.01–1.06) <0.001 1.02 (1.01–1.04) 0.02
PBT >360 min 1.9 (1.4–2.6) <0.001 1.6 (1.1–2.2) 0.006

PBT, pain-to-balloon time, OR, odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; CAD, coronary artery 
disease.

Fig. 1. Frequency of AKI among 2,343 STEMI patients undergoing primary percutaneous intervention, accord-
ing to PBT (p < 0.001). OR presented in the figure represents the additional AKI risk for the third group (PBT 
>360 min) as compared to the first (PBT ≤120 min, OR 2.0, p < 0.001) and the second (PBT 121–360 min, OR 
1.8, p = 0.001) groups separately. OR, odds ratio.
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acute reduction of cardiac output [5] This early hemody-
namic deterioration may lead to reduced renal perfusion. 
Bradycardia or tachycardia in the acute STEMI setting 
can have similar hemodynamic effects. Following the re-
sumption of coronary flow and the graded improvement 
of LV function, hemodynamic impairment often re-
solves[5]. Indeed, patients with longer PBT demonstrated 
worse LV function, previously shown to be associated 
with AKI occurrence [19].

Short renal hypoperfusion is often associated with a 
prerenal failure, with transient loss of renal function 
without structural damage [20]. More profound and pro-
longed hypoperfusion primarily affects both function 
and structure of renal tubular epithelial cells, which, in 
severe cases, is characterized by epithelial-cell ischemia 
and necrosis. Indeed, in the present study, patients having 
longer PTB demonstrated graded increase in NGAL lev-
els, an early marker of renal tubular structural damage 
even in the absence of functional AKI [21]. Nevertheless, 
ischemia-related injury may not only exclusively result in 
alterations of epithelial-cell function and structure but 
also causes interstitial inflammation and microvasculop-
athy, increasing susceptibility to contrast-induced AKI 
[9–11]. Furthermore, these alterations can result in irre-
versible loss or delayed restoration of renal function and 
progression to acute kidney disease or CKD [11]. In ad-
dition, we recently demonstrated that longer symptom 
duration is associated with higher admission C-reactive 
protein and a lower hemoglobin level in STEMI patients 
[22]. Thus, it appears that longer PBT results in a more 
pronounced inflammatory response, which may further 
contribute to renal damage.

Delay in seeking care after the onset of symptoms 
among patients undergoing primary PCI is still a vexing 
problem. Our findings suggest that in addition to the 
well-known fact that “time is myocardium” among STE-
MI patients, it seems that “time is kidney,” with patients 
having longer symptom duration being more susceptible 
to AKI occurrence. Furthermore, novel biomarkers levels 
(collected within 24 h following admission) may offer the 
opportunity to detect early tubular injury even prior to 
actual loss of renal function (manifested as sCr elevation) 
and therefore allow early interventions for renal protec-
tion and more frequent monitoring of the urinary output 
[23, 24].

We acknowledge several important limitations of our 
study. This was a single-center retrospective and nonran-
domized observational study and may have been subject 
to bias, even though we attempted to adjust for confound-
ing factors using a multivariate regression model. No in-

formation was present on concomitant medications pa-
tients were receiving; thus, their possible relation to the 
precipitation of AKI could have not been assessed. Al-
though AKI definition refers to a sCr increase compared 
to the baseline value, the sCr at hospital admission may 
not represent a true baseline value in STEMI patients as 
an increase could have already occurred prior to hospital 
arrival, owing to the hemodynamic impairment. As ac-
cess to patients’ laboratory results prior to hospitalization 
was limited, the true baseline renal function was not 
known, and we referred only to values at hospital presen-
tation as reference values for deterioration of renal func-
tion and the possible presence of CKD. Finally, the defini-
tion of AKI refers to sCr change within a time frame of 48 
h. As the change in sCr can lag beyond this time period 
due to delayed effects of contrast material and drugs, 
worsening of renal function might have occurred follow-
ing hospital discharge in some patients; thus, the true in-
cidence of AKI described in our study may have been an 
underestimation.

Conclusion

Among STEMI patients, PBT may be an independent 
marker for functional renal deterioration resulting in 
AKI.
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