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Introduction
Renal cell carcinoma (RCC) is the most common 
primary renal malignancy, accounting for over 
80% of all primary renal neoplasms, and occurs 
most frequently in adults aged between 50 and 
70 years.1 Incidence rates are increasing due to an 
increasing number of patients being diagnosed 
with early-stage tumors, and in 2021, it is esti-
mated that over 70,000 cases of RCC will be 

diagnosed in the United States alone.2 Partial 
nephrectomy (PN) is the gold standard for the 
management of localized kidney tumors smaller 
than 7 cm (cT1); as long as excision radicality can 
be achieved during surgical removal, it is also a 
viable option for select cT2 patients.3–5 Adoption 
of PN has also seen a parallel increase in the utili-
zation of minimally invasive surgery (MIS), lapa-
roscopic, and robotic-assisted techniques.6
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PN is a procedure which minimizes the adverse 
effects of radical nephrectomy (RN) while main-
taining optimal oncologic management. In com-
parison to RN, PN offers improved survival 
outcomes in the early-stage kidney cancer with 
tumor sizes smaller than 4 cm.7 In patients with 
tumor sizes between 4 and 7 cm, PN was found to 
have similar overall and cancer-specific survival 
rates to RN.8 Moreover, postoperative renal func-
tion is better preserved in PN patients, leading to 
a lower risk of new-onset chronic kidney disease 
(CKD).9,10

Cardiovascular complications are uncommon 
post-PN; however, their incidence carries signifi-
cant morbidity and is often associated with mor-
tality.11,12 Preoperative estimation of patient 
cardiac risk is possible through the utilization of 
established universal surgical risk models, such as 
the revised cardiac risk index (RCRI), NSQIP-
MICA index, and the recently published AUB-
HAS2 cardiovascular risk index.13–16 However, 
the development of a procedure-specific risk 
index for PN, a procedure with relatively low 
morbidity and a select patient population, carries 
substantial merit as it enables better optimization 
of preoperative patient status and improved 
patient selection for PN versus alternative treat-
ment modalities, such as surveillance or ablative 
therapy.

Methodology

Patient population
The study population consisted of 4795 patients 
who underwent PN and were registered in the 
American College of Surgeons – National Surgical 
Quality Improvement Program (ACS-NSQIP) 
between 2005 and 2012.17 Datasets after 2012 
were not included in our study as cardiac history 
variables were not captured beyond that point.18 
The ACS-NSQIP is a multicenter database which 
captures data on patients undergoing major surgi-
cal procedures; the data encompass over 150 vari-
ables, including demographics, preoperative and 
intraoperative factors, and 30-day postoperative 
morbidity and mortality outcomes. Data are  
de-identified and does not constitute human sub-
ject research; therefore, no institutional review 
board approval was required from the participat-
ing centers. Data are collected by trained and cer-
tified surgical clinical reviewers and entered to the 
ACS-NSQIP website. Data quality is ensured via 

an intra-rater reliability (IRR) audit of participat-
ing sites. Surgical procedures are categorized 
using common procedural terminology (CPT) 
codes. PN cases were selected using the CPT 
codes 50240 and 50543, coding for open surgery 
and MIS, respectively.

Ethical approval
The de-identified database (ACS-NSQIP) does 
not constitute human subject research; therefore, 
no institutional review board approval was 
required or attained from the participating cent-
ers. Moreover, this was a retrospective study 
using a de-identified national database; hence, 
informed consent was neither required nor 
attainable.

Clinical variables
All available preoperative factors pertaining to 
demographics, lifestyle, preoperative laboratory 
results, comorbidities, and surgery type were used 
in the analysis. Demographic and lifestyle factors 
included patient age, gender, body mass index 
(BMI), race, ethnicity, and smoking status within 
1 year of surgery. Comorbidities history included 
history of heart disease (myocardial infarction, 
percutaneous intervention, cardiac surgery, or 
congestive heart failure), symptoms of cardiac  
disease (angina or dyspnea at rest or exertion), 
cerebrovascular events (history of transient 
ischemic attacks or stroke with or without residual 
neurological deficit), peripheral vascular disease 
(revascularization/amputation for peripheral vas-
cular disease and rest pain in lower extremity), 
history of chronic obstructive pulmonary disease 
(COPD), hepatic disease (ascites or esophageal 
varices), renal disease (acute renal failure or dialy-
sis), preoperative sepsis, diabetes mellitus, insulin 
dependence, hypertension, chronic corticosteroid 
use, unintentional weight loss (>10% 6 months 
before surgery), bleeding disorders, American 
Society of Anesthesiologists’ (ASA) classification, 
and transfusion of packed red blood cells (pRBC), 
anemia (preoperative hematocrit < 36% for 
females and < 41% for males), thrombocytopenia 
(platelet count < 150 × 103), abnormal creatinine 
(serum creatinine ⩾ 1.5 mg/dl). Laboratory values 
included hematocrit, platelet count, white blood 
cell count (WBC), sodium, creatinine, and blood 
urea nitrogen (BUN). Surgical approach (open or 
MIS) was also evaluated as a potential risk 
factor.
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Primary outcome
The primary outcome measure was the occur-
rence of death, myocardial infarction, or stroke 
(MACE) within 30 days post surgery. Myocardial 
infarction was identified by electrocardiogram 
(ECG) changes indicative of an acute MI (one of: 
an ST-elevation > 1 mm in two or more contigu-
ous leads, new left bundle branch, new Q-wave in 
two or more contiguous leads) or new elevation in 
troponin > 3 times the upper level of the reference 
range in the setting of suspected myocardial 
ischemia. Stroke was defined as developing an 
embolic, thrombotic, or hemorrhagic vascular 
accident or stroke with motor, sensory, or cogni-
tive dysfunction that persists for ⩾ 24 h. Death 
was defined as mortality occurring intraopera-
tively or within 30 days postoperatively.

Statistical analysis
Model and index construction, and validation.  A 
descriptive analysis was performed on all preop-
erative variables; associations were determined 
using the χ2 test for categorical variables and the 
independent t-test for continuous variables. For 
model construction, an exploratory univariate 
logistic regression analysis was performed on all 
preoperative variables, and odds ratios (ORs) 
with 95% confidence intervals (CIs) and p-values 
were determined. Variables that had a two-sided 
p-value less than 0.1 at the univariate level were 
eligible for consideration in the multivariable 
analysis. For construction of the multivariable 
logistic regression model, all eligible variables 
were entered simultaneously at the first step, and 
a backward stepwise analysis was performed to 
generate a parsimonious model. Variables with 
loss of significance at the adjusted level were 
removed individually, and model comparisons 
were made. Clinical importance of variables was 
considered in preferential removal of variables. A 
total of six variables with statistical and clinical 
significance were included in the final model, and 
all demonstrated two-sided p-values less than 
0.05. After construction of the final model, dis-
crimination ability was determined using a 
receiver operating characteristic (ROC) curve 
and deriving the concordance statistic (C-statis-
tic). Model calibration was assessed using the 
Hosmer–Lemeshow test for goodness of fit and 
contingency table. The novel index was named 
‘PN-A4CH’, an abbreviation for Partial Nephrec-
tomy – Age, Anemia, ASA class, (surgical) 
Approach; Creatinine; Heart disease. To create 

and assess the novel PN-A4CH index, all six vari-
ables were given equal weights, and index perfor-
mance was assessed using an ROC curve and 
calibration determined by the Hosmer–Leme-
show test for goodness of fit and contingency 
tables. Percent risk for each respective index score 
ranging from 0 to 6 was calculated using the logis-

tic regression probability formula: P
e

e

a bX

a bX
=

+

+

+1
.  

All statistical analysis was performed with IBM 

SPSS Statistics, v.26 (IBM Corp., Armonk, NY, 
USA). Statistical significance was set at an alpha 
level of 0.05.

Index comparisons.  The novel PN-A4CH index 
performance was compared to the RCRI and 
AUB-HAS2 cardiovascular risk index. ROC 
curves and C-statistics were derived and com-
pared. Index calibrations were determined using 
the Hosmer–Lemeshow test for goodness of fit, 
and the contingency table was used to derive the 
coefficients of determination (R2) for the expected 
versus observed proportions of MACE incidence. 
Sensitivity was calculated for each index, using a 
score of 2 points or higher to define the increased 
risk of postoperative cardiovascular morbidity.

Results
A cohort of 4795 patients met the eligibility crite-
ria, with a median age (IQR) of 60 (51–68) years 
and 2779 (57.9%) were males. OPN was per-
formed on 2103 (43.9%) of patients, while an 
MIS approach was undertaken 2629 (56.1%) 
times. Overall, the MACE outcome was present 
in 52 (1.1%) patients. Table 1 provides a sum-
mary of patient demographics, pre- and intraop-
erative factors, and postoperative cardiovascular 
outcomes.

A univariate analysis was conducted (S1 Table), 
and 13 variables were considered for entry into 
the multivariate logistic model: age ⩾ 75 years 
(OR = 4.19, p < 0.001), anemia (OR = 3.3, p < 
 0.001), abnormal creatinine (OR = 7.2, p < 0.001), 
thrombocytopenia (OR = 3.41, p < 0.001), hyper-
tension (OR = 3.3, p < 0.001), history of cardiac 
disease (OR = 4.9, p < 0.001), symptoms of cardiac 
disease (OR = 2.2, p = 0.04), History of 
Cerebrovascular Accident (CVA) (OR = 4.0, 
p = 0.009), COPD (OR = 3.9, p < 0.001), dialysis 
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Table 1.  Patient demographics, preoperative laboratory findings and incidents, medical history, and outcomes 
stratified by MACE incidence and total population.

MACE (No) MACE (Yes) Total p-value

  N (% of 4743) N (% of 52) N (% of 4795)

Demographics

  Age ⩾ 75 years 455 (9.6) 16 (30.8) 471 (9.8) <0.001

  Gender Male 2742 (57.8) 36 (69.2) 2778 (57.9) 0.097

Female 2001 (42.2) 16 (30.8) 2017 (42.1)  

  Race White 3722 (78.5) 44 (84.6) 3766 (78.5) 0.169

Black 397 (8.4) 2 (3.9) 399 (8.3)  

Other 115 (2.4) 3 (5.8) 118 (2.5)  

  Hispanic ethnicity 235 (5) 3 (5.8) 238 (5) 0.357

  Smoker 918 (19.4) 11 (21.2) 929 (19.4) 0.744

  Obese 2485 (52.4) 44 (84.6) 2529 (52.8) 0.853

  ASA class > 2 2159 (45.5) 23 (44.2) 2182 (45.5) <0.001

  Surgical approach MIS 2677 (56.4) 15 (28.9) 2692 (56.1) <0.001

Open 2066 (43.6) 37 (71.2) 2103 (43.9)  

Preoperative laboratory

  Anemia 1172 (24.7) 27 (51.9) 1199 (25.0) <0.001

  Thrombocytopenia 310 (6.5) 10 (19.2) 320 (6.7) 0.002

  Abnormal creatinine 300 (6.3) 17 (32.7) 317 (6.6) <0.001

Medical history

  Hypertensive 2814 (59.3) 43 (82.7) 2857 (59.6) <0.001

  Diabetic 863 (18.2) 11 (21.2) 874 (18.2) 0.583

  Symptoms of heart disease 360 (7.6) 8 (15.4) 368 (7.7) 0.058

  Insulin dependent 253 (5.3) 5 (9.6) 258 (5.4) 0.201

  History of heart disease 222 (4.7) 10 (19.2) 232 (4.8) <0.001

  History of COPD 213 (4.5) 8 (15.4) 221 (4.6) 0.002

  History of stroke/TIA 97 (2.1) 4 (7.7) 101 (2.1) 0.023

  History of bleeding disorder 98 (2.1) 3 (5.8) 101 (2.1) 0.096

  History of PVD 20 (0.4) 0 (0) 20 (0.4) 1.000

Preoperative incidents

  Acute renal failure 10 (0.2) 0 (0) 10 (0.2) 1.000

  Preoperative dialysis 16 (0.3) 2 (3.9) 18 (0.4) 0.016

(continued)
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MACE (No) MACE (Yes) Total p-value

  N (% of 4743) N (% of 52) N (% of 4795)

  Preoperative pRBC transfusion 8 (0.2) 0 (0) 8 (0.2) 1.000

Cardiovascular outcomes

  MACE (MI or stroke or death) 0 (0) 52 (100) 52 (1.1) –

    Myocardial infarction 0 (0) 25 (48.1) 25 (0.5) –

    Stroke 0 (0) 10 (19.2) 10 (0.2) –

    Death 0 (0) 22 (42.3) 22 (0.5) –

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; MACE, major adverse 
cardiovascular events; MI, myocardial infarction; MIS, minimally invasive surgery; pRBC, packed red blood cells; PVD, 
peripheral vascular disease as a combination of history of revascularization or amputation or rest pain or gangrene due to 
vascular disease.
Obese indicates BMI ⩾ 30 kg/m2; anemia indicates hematocrit < 36% for females and < 41% for males; thrombocytopenia 
indicates platelet count < 150 × 103; abnormal creatinine indicates serum creatinine ⩾ 1.5 mg/dl; symptoms of heart 
disease include angina and dyspnea; history of heart disease include myocardial infarction or congestive heart failure or 
percutaneous intervention or cardiac surgery.

Table 1. (continued)

(OR = 11.8, p < 0.001), bleeding disorders 
(OR = 2.9, p = 0.08), ASA class > 2 (OR = 5.0, 
p < 0.001), and surgical approach (OR = 3.2, 
p < 0.001).

The final multivariate logistic regression model 
contained six clinically and statistically significant 
factors, with their ORs and 95% CIs as shown in 
Table 2. Model ROC analysis provided a 
C-statistic of 0.82 (95% CI: 0.77–0.87; 
p < 0.001). Calibration testing provided an R2 of 
0.99. A 1000-sample Bootstrap analysis provided 
valid CIs for all included variables (S2 Table).

The final PN-A4CH index was derived by provid-
ing equal weights to all six variables. Index perfor-
mance and calibration testing provided a 
C-statistic of 0.81 (95% CI: 0.75–0.87; p < 0.001) 
and R2 = 0.99, respectively (Figure 1).

The RCRI and AUB-HAS2 index provided 
C-statistics of 0.59 and 0.68, respectively, shown 
in (Figure 2) and Table 3. Sensitivity calculation 
resulted in 85% for the PN-A4CH index, 35% for 
the RCRI, and 21% for the AUB-HAS2 index.

Utilization of the PN-A4CH index may be simpli-
fied using the charted percentage risk estimations 
shown in Table 4. Such can be easy-to-use in the 
clinical setting and only requires addition of the 
risk index score with the respective estimated risk 
provided.

Discussion
PN is the gold standard for cT1 kidney masses 
whenever feasible.3 PN not only offers comparable 
oncologic outcomes to RN19 but also offers better 
preservation of immediate and long-term kidney 
function.9,20 Due to less disruption in postopera-
tive renal function, cardiovascular outcomes are 
improved with reduced incidence of MACE.21,22 
As MACE incidence results in mortality or signifi-
cant morbidity, estimating the risk of postoperative 
MACE is imperative; particularly as surgeons opt 
for PN to limit the functional morbidities of 
nephrectomy. We found that age ⩾ 75 years, ane-
mia, abnormal creatinine (⩾ 1.5 mg/dl), history of 
heart disease, ASA class > 2, and open surgical 
approach all significantly increase the incidence of 
MACE within 30 days of PN.

First, age is known to be an independent risk fac-
tor for MACE, as demonstrated in a large Danish 
population cohort analysis which found that 
advanced age nearly doubled the risk of MACE.23 
Moreover, age has been utilized in other validated 
cardiovascular risk models, such as the AUB-
HAS2 and Gupta scores.14,16 Similarly, ASA class 
has been incorporated in the Gupta score as it has 
been shown to be a reliable predictor of postop-
erative complications and mortality.24 Our results 
highlight the importance of accounting for ane-
mia as a risk factor for MACE after PN, and ane-
mia is also an established risk factor for 
cardiovascular disease in the general population.25 

https://journals.sagepub.com/home/tau


Therapeutic Advances in Urology 14

6	 journals.sagepub.com/home/tau

Table 2.  Estimates, standard errors, p-values, adjusted ORs, and 95% CIs for variables associated with MACE 
in the full PN-A4CH logistic regression model.

Factor Estimate SE p-value Adjusted 
OR

95% CI

Age (⩾ 75 years) 0.779 0.322 0.016 2.18 (1.16–4.09)

Anemia 0.668 0.294 0.023 1.95 (1.10–3.47)

ASA class (>2) 1.124 0.399 0.005 3.08 (1.41–6.73)

Approach (open surgery) 1.032 0.312 <0.001 2.81 (1.52–5.17)

Creatinine (⩾1.5 mg/dl) 1.230 0.324 <0.001 3.42 (1.81–6.45)

Heart disease 1.006 0.371 0.007 2.74 (1.32–5.66)

Adjusted OR, adjusted odds ratio; ASA class, American Society of Anesthesiologists classification; 95% CI, 95% confidence 
interval; MACE, major adverse cardiovascular events; SE, standard error.
Approach is surgical approach; creatinine is preoperative serum creatinine in mg/dl; heart disease is history of myocardial 
infarction, percutaneous intervention, cardiac surgery, or congestive heart failure.

Figure 1.  Receiver operated curve (ROC) for the full regression model and (b) the final PN-A4CH index 
versus the reference line, and (a) the observed versus expected proportions of postoperative major adverse 
cardiovascular events (MACE) versus to the ideal 45° line; indicating calibration of the final simplified PN-A4CH 
index.

This is likely due to decreased tissue oxygenation 
and subsequent organ dysfunction,26 and Wu 
et al.27 demonstrated that even mild anemia was 
associated with an increased postoperative mor-
bidity and mortality in a cohort of over 300,000 
patients. Surgical approach is not included in 
widely used cardiovascular risk scores. Although 
strong evidence regarding postoperative cardio-
vascular morbidities is lacking in the field of PN, 
current evidence points toward a reduction of 
morbidity with MIS.28,29 In our study, we found 
that the traditional open approach for PN almost 
triples (OR = 2.81) the odds of MACE incidence, 

highlighting the importance of this risk factor and 
the need to explore its effect in other surgical 
procedures.

PN has been shown to decrease the incidence of 
cardiovascular adverse events by preserving more 
renal functionality than RN.22 As such, preopera-
tive creatinine values are strongly linked to cardi-
ovascular morbidity and thus have been 
incorporated into the RCRI and the Gupta 
scores.13,16 A procedure-specific risk model, such 
as the PN-A4CH score, highlights the importance 
of preoperative renal function, as serum 
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Figure 2.  ROC curve comparison of the PN-A4CH, AUB-HAS2, and RCRI indices versus the reference line.

Table 3.  Comparison of PN-A4CH cardiac risk index with RCRI and AUB-HAS2 risk indices.

Index Score MACE (No) MACE (Yes) Total p-value C-statistic (95% CI)

N (% of 4743) N (% of 52) N (%)

RCRI 0 0 (0) 0 (0) 0 (0) <0.001 0.59 (0.51–0.68)

1 3921 (82.7) 34 (65.4) 3955 (82.5)  

2 718 (15.1) 11 (21.2) 729 (15.2)  

3 91 (1.9) 5 (9.6) 96 (2)  

4 13 (0.3) 2 (3.9) 15 (0.3)  

5 0 (0) 0 (0) 0 (0)  

6 0 (0) 0 (0) 0 (0)  

AUB-HAS2 0 3419 (72.1) 21 (40.4) 3440 (71.7) <0.001 0.68 (0.59–0.76)

1 1090 (23) 20 (38.5) 1110 (23.2)  

2 203 (4.3) 6 (11.5) 209 (4.4)  

3 30 (0.6) 4 (7.7) 34 (0.7)  

4 1 (0) 1 (1.9) 2 (0)  

5 0 (0) 0 (0) 0 (0)  

6 0 (0) 0 (0) 0 (0)  

PN-A4CH 0 1013 (21.4) 0 (0) 1013 (21.1) <0.001 0.81 (0.75–0.87)

1 1742 (36.8) 8 (15.4) 1750 (36.5)  

(continued)
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Table 4.  The PN-A4CH index scoring table with 
the percentage risk of 30-day MACE provided for 
respective scores.

PN-A4CH score points total % risk

0 0.2

1 0.4

2 1.0

3 2.5

4 6.3

5 14.8

6 31.0

Variable Points

Age (⩾ 75 years) 1

Anemia 1

ASA class (>2) 1

Approach (open surgery) 1

Creatinine (⩾ 1.5 mg/dl) 1

Heart disease 1

Age (years); anemia, yes: preoperative hematocrit < 36% 
for females and < 41% for males; Approach, open or 
minimally invasive surgery; ASA class, defined by the 
American Society of Anesthesiologists classification; 
creatinine, preoperative serum creatinine in mg/dl; heart 
disease, history of myocardial infarction, percutaneous 
intervention, cardiac surgery, or congestive heart failure; 
MACE, major adverse cardiovascular events; PN-A4CH, 
partial nephrectomy cardiovascular risk index.

Index Score MACE (No) MACE (Yes) Total p-value C-statistic (95% CI)

N (% of 4743) N (% of 52) N (%)

2 1237 (26.1) 12 (23.1) 1249 (26.1)  

3 548 (11.6) 14 (26.9) 562 (11.7)  

4 158 (3.3) 13 (25) 171 (3.6)  

5 40 (0.8) 5 (9.6) 45 (0.9)  

6 1 (0) 0 (0) 1 (0)  

AUB-HAS2, American University of Beirut HAS2 cardiovascular risk index; 95% CI, 95% confidence interval; MACE, major 
adverse cardiovascular events; PN-A4CH, partial nephrectomy cardiovascular risk index; RCRI, revised cardiac risk index.

Table 3. (continued)

creatinine was attributed the highest odds ratio 
(OR = 3.42) of all six factors, hence reiterating the 
importance of this factor particularly in the PN 
population. History of heart disease was also 
attributed a high odds ratio (OR = 2.74), as in line 
with previous findings in major non-cardiac sur-
geries.30 Other cardiovascular risk factors, such as 
histories of hypertension and stroke, were also 
found to be significant predictors for MACE, but 
only at the univariate level. Although history of 
stroke is one of the six RCRI factors, it may have 
overlapping contributions with ASA classification 
or history of heart disease.13

The study results highlight the importance of 
developing procedure-specific tools to predict 
postoperative MACE. The universal scores avail-
able at our disposal, such as the AUB-HAS2 
score and the RCRI score, are imperative in sur-
gical practice. However, they lack procedure-
specific intricacies as their construction used all 
major non-cardiac surgeries, without correcting 
for procedure- or population-specific character-
istics. The authors believe that procedure-
focused indices would help chaperon preoperative 
risk-prediction into the era of individualized 
medicine.

An important finding of this study is the added 
advantage of minimally invasive procedures in 
perioperative complications. It has been estab-
lished that minimally invasive approaches offer 
the advantage of lower blood loss and reduced 
length of stay, when compared to the traditional 
open approach.31,32 However, we have shown 
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from a large nation-wide database that tradi-
tional open PN confers a twofold increase in 
MACE, when compared to minimally invasive 
approaches.

Alternatively, it is possible to utilize the PN-A4CH 
index to stratify high-risk patients into alternative 
treatment modalities for small renal masses instead 
of pursuing the classical treatment of PN. For 
instance, in morbid patients with a high PN-A4CH 
score, active surveillance of small renal masses may 
be advocated, as active surveillance of small renal 
masses has been found to be of significant onco-
logic value in select patients.33,34 Alternatively, this 
score may assist in assigning well selected morbid 
patients to undergo tumor ablative therapies, 
which would otherwise be treated by PN, with 
decent oncologic outcomes.35

Limitations
In this study, we constructed a novel procedure-
specific cardiovascular risk-prediction index, 
described its statistical performance, and com-
pared it to commonly used universal indices. 
Although the patient population utilized for this 
study is obtained from a large multicenter data-
base, it is primarily based in North America. 
Moreover, the incidence of MACE events is a 
rare occurrence. Therefore, these results will 
require external validation using an independent 
cohort, preferably representing other countries 
or geographical areas. Moreover, the cohort data 
lack variables that are tumor- or procedure-spe-
cific, such as tumor stage, tumor complexity, 
ischemia time, or the use of cold or warm 
ischemia. Tumor-specific variables might have 
implications on the operative approach during 
PN and implications on postoperative morbidity. 
For instance, high complexity tumors with high 
RENAL score or high PADUA score may bleed 
more or require longer ischemia time and as a 
result confer a higher detriment to the cardiovas-
cular system when compared to lower complexity 
tumors.

Conclusion
Our study proposes a novel procedure-specific 
cardiovascular risk index for patients undergoing 
PN. The PN-A4CH index includes six preopera-
tive variables: Age ⩾ 75 years, ASA Class > 2, 
Anemia, surgical Approach, Creatinine > 1.5 mg/
dl, and history of Heart disease. The PN-A4CH 

model demonstrated good predictive ability and 
excellent calibration using a large national data-
base. The development and implementation of 
procedure-focused risk-prediction models may 
enable more individualization of patient care and 
further optimization of patient selection.
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