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ABSTRACT

Background: Delirium is a common and potentially preventable complication in the postoperative period following cardiovascular 
surgery (CVS). Its onset is associated with poorer clinical outcomes, such as longer hospital length of stay and higher mortality. 
Internationally, delirium in the postoperative context of cardiovascular surgery has been extensively studied in multicenter cohorts 
and observational studies, with varying prevalences. In Argentina, we have previous registries of CVS, but despite this, this compli-
cation has not been explored in depth.
Objective: The aim of this study was to analyze the incidence of postoperative delirium following CVS and to identify predictors that 
contribute to its development.
Methods: We conducted an analysis of the Argentine National Registry of Cardiovascular Surgery (ARGEN-CCV), a cross-sectional, 
multicenter study spanning 13 months from July 2021 to August 2022. Patients were recruited from 48 public and private cent-
ers.  Data from consecutive patients aged 18 years or older admitted for central CVS were analyzed. Surgeries for congenital heart 
defects and peripheral vascular surgery were excluded from the registry. The diagnosis of delirium was based on clinical assessment. 
Univariate and multivariate analyses were performed to define independent predictors of delirium onset.
Results: A total of 1515 patients were included in the analysis with an incidence of delirium of 9.1%. Patients with delirium were 
older (68 vs. 64 years, p<0.001) and had a higher prevalence of chronic obstructive pulmonary disease (COPD), alcoholism, and 
frailty, as well as a higher incidence of postoperative atrial fibrillation (AF).  On multivariate analysis, coronary artery disease (OR 
1.64; 95% CI: 1.02–2.64; p=0.041), postoperative sepsis (OR 3.13; 95% CI: 1.65–5.96; p<0.001), postoperative AF (OR 2.07; 95% CI: 
1.29–3.32; p=0.003), and prolonged mechanical ventilation (OR 2.86; 95% CI 1.68–4.86; p<0.001), were identified as independent 
predictors of delirium, while frailty showed a trend (OR 2.16; p=0.068). A predictive model was constructed using these variables, 
which demonstrated good discrimination, with an area under the curve (AUC) of 0.76 (95% CI: 0.71–0.80) and excellent calibration 
(Hosmer-Lemeshow test with p value = 0.999).
Conclusions: Postoperative delirium occurs in 9.1% of patients undergoing cardiovascular surgery in our series.  Coronary artery 
disease, postoperative AF, and prolonged MV were identified as predictors for the development of delirium.
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RESUMEN 
Introducción: El delirium es una complicación frecuente y potencialmente prevenible en el postoperatorio de la cirugía cardio-
vascular (CCV). Su aparición se asocia a peores resultados clínicos como mayor estadía hospitalaria y mayor mortalidad. A nivel 
internacional, el delirium en el contexto posquirúrgico de CCV ha sido ampliamente estudiado en cohortes multicéntricas y estudios 
observacionales, con prevalencias variables. En Argentina contamos con registros previos de CCV, pero a pesar de ello esta compli-
cación no fue explorada en profundidad. 
Objetivo: Investigar la incidencia de delirium en el postoperatorio de CCV y explorar variables predictoras de su aparición. 
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INTRODUCTION
Delirium is a common and potentially preventable 
complication in the postoperative period of cardiovas-
cular surgery (CVS). Postoperative delirium is defined 
as an acute disorder characterized by changes in at-
tention, cognition and consciousness that occur dur-
ing the postoperative recovery period. Its occurrence 
is associated with worse clinical outcomes, as longer 
length of hospital stay and higher mortality. It is a 
common but often underestimated clinical challenge 
in this context. (1) Despite advances in medical and 
surgical care, the incidence of delirium remains high, 
(2) which results in adverse clinical consequences for 
patients and economic consequences for the health-
care system. (3)

Delirium after cardiovascular surgery has been 
the subject of extensive international research. Mul-
ticenter cohorts and observational studies have re-
ported prevalences ranging from 11.3% to 51.6%, 
depending on the population, type of surgery, and 
diagnostic method used. (4) According to the initial 
reports, several factors were identified as contributing 
to the development of delirium, including advanced 
age, baseline cognitive impairment, duration of sur-
gery, cardiopulmonary bypass, and complications such 
as atrial fibrillation (AF) and sepsis. (5-8) These inves-
tigations have prompted the development of specific 
risk scales, such as the PRE-DELIRIC (PREdiction of 
DELIRium in ICU patients) model, which has been 
validated in intensive care patients and after CVS, (9) 
and recommended by international societies, such as 
the guidelines of the European Society of Anesthesiol-
ogy, (10) which promote systematic detection and mul-
timodal preventive strategies to mitigate its impact. 

Although we have prior registries on CVS in Ar-
gentina, this complication has not been thoroughly 
explored. (11-13)

OBJECTIVE
The aim of this study was to analyze the incidence, 

risk factors, and outcomes associated with delirium in 
patients undergoing CVS.

METHODS
We conducted an analysis of the Argentine National Regis-
try of Cardiovascular Surgery (ARGEN-CCV) (14), a cross-
sectional, multicenter study spanning 13 months from July 
2021 to August 2022. Patients were recruited from 48 public 
and private centers. The inclusion criteria were patients > 
18 years admitted on an elective, urgent, or emergency basis 
for central CVS. Surgeries for congenital heart defects and 
peripheral vascular surgery were excluded from the regis-
try. Preoperative, operative, and postoperative data were 
recorded during the hospitalization period and collected on 
the REDCap platform. This project was carried out by the 
Argentine Society of Cardiology, in conjunction with the Ar-
gentine College of Cardiovascular Surgeons. The study was 
registered in ClinicalTrials.gov (NCT0519916). 

Diverse studies have examined the predictive variables 
associated with delirium included in internationally validat-
ed risk scores in critical care patients after CVS. (4) These 
predictors were age, cognitive impairment, the APACHE II 
(Acute Physiology and Chronic Health Assessment II) score, 
infection, emergency surgery, type of surgery, preoperative 
plasma creatinine levels, postoperative urea concentration, 
use of sedatives or analgesics, history of cerebrovascular dis-
ease, EuroSCORE (European System for Cardiac Operating 
Risk Evaluation), preoperative depression, blood transfu-
sion, metabolic acidosis, alcohol abuse, insomnia, and coma. 
(9, 15-23)

The ARGEN-CCV database includes the following vari-
ables: age, history of cerebrovascular disease, creatinine 
levels, emergency surgery, type of surgery, alcohol abuse, 
EuroSCORE, APACHE II score, postoperative urea concen-
tration, transfusions, and postoperative infection. 

Ethical considerations
The study was approved by the ethics committee of the Ar-
gentine Society of Cardiology.

Statistical analysis
Continuous variables with normal distribution were ex-
pressed as mean ± standard deviation, and those with non-
Gaussian distribution as median and interquartile range 

Material y métodos: Se realizó un subanálisis del Registro Nacional de Cirugía Cardiovascular en Argentina (ARGEN-CCV), un 
estudio multicéntrico, prospectivo, de corte transversal, de 13 meses de duración, entre julio de 2021 y agosto de 2022, donde parti-
ciparon 48 centros públicos y privados de Argentina.  Se analizaron datos de pacientes consecutivos mayores de 18 años, internados 
para llevar a cabo una CCV central. Se excluyeron procedimientos periféricos y cirugías de cardiopatías congénitas. El diagnóstico de 
delirium fue clínico. Se realizaron análisis uni y multivariado mediante regresión logística, para definir predictores independientes 
de la aparición de delirium. 
Resultados: Se incluyeron en el análisis 1515 pacientes; la incidencia de delirium fue de 9,1%. Los pacientes con delirium fueron 
mayores (68 vs 64 años, p<0,001) y presentaron mayor prevalencia de EPOC (enfermedad pulmonar obstructiva crónica), alcoho-
lismo y fragilidad, y mayor incidencia de FA (fibrilación auricular) postoperatoria. En el análisis multivariado, se identificaron como 
predictores independientes de delirium la enfermedad coronaria (OR 1,64; IC95%: 1,02–2,64; p=0,041), la sepsis postoperatoria (OR 
3,13; IC95%: 1,65–5,96; p<0,001), la FA postoperatoria (OR 2,07; IC95%: 1,29–3,32; p=0,003) y la ARM (asistencia respiratoria me-
cánica) prolongada (OR 2,86; IC95% 1,68–4,86; p<0,001), con tendencia para la fragilidad (OR 2,16; p=0,068). Con estas variables 
se construyó un modelo predictivo que mostró buena discriminación (área bajo la curva, ABC, 0,76; IC95%: 0,71–0,80) y excelente 
calibración (Hosmer-Lemeshow p = 0,999). 
Conclusión: El delirium postoperatorio afecta al 9,1% de los pacientes sometidos a cirugía cardiovascular en nuestra serie. Las varia-
bles que fueron identificadas como predictores para el desarrollo de delirium fueron la enfermedad coronaria, la FA postoperatoria 
y la ARM prolongada. 

Palabras clave: Delirium - Cirugía cardiovascular - Fibrilación auricular – Sepsis - Asistencia respiratoria mecánica - Factores de 
riesgo.
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MV (OR, 2.86; 95% CI, 1.68-4.86; p < 0.001), coronary 
artery disease (OR 1.64; 95% CI 1.02-2.64; p = 0.040), 
and sepsis (OR 3.13; 95% CI 1.65-5.96; p<0.001) (Ta-
ble 5).

Although preoperative frailty did not reach statis-
tical significance on multivariate analysis (OR, 2.16; 
95% CI 0.94-4.98; p=0.068), we decided to incorporate 
it into the final model due to its theoretical weight 
and reproducibility as a predictor of delirium in other 
models.  

The area under the curve for this model was 0.76 
(95% CI 0.71-0.80) (Figure 1). The p-value for calibra-
tion of the model with Hosmer-Lemeshow test was 
0.999.

DISCUSSION
This subanalysis of the ARGEN-CCV registry evalu-
ated the incidence and factors associated with post-
operative delirium in patients undergoing CVS in 
Argentina. Given that this common complication has 
prognostic impact that is often underestimated, this 
study attempts to provide evidence on the factors as-
sociated with its development. The observed incidence 
of delirium (9.1%) was close to the lower limit of the 
10-51% range reported in international studies. (4)

Through multivariate analysis, risk factors that 
had already been validated in previous studies were 
identified, such as previous coronary artery disease 
and postoperative sepsis. Both factors reflect clinical 
conditions that can influence patients' inflammatory 
and hemodynamic status. These elements are consid-
ered essential in the pathophysiology of delirium and 
have been described in previous studies, including 
those conducted by Sugimura et al. (1) and Smulter 
et al. (3) 

However, two traditionally less prominent varia-
bles also emerged as significant predictors on univari-
ate analysis: AF and the need for prolonged MV, which 
were confirmed as independent predictors through 
multivariate analysis. These findings could theoreti-
cally play a relevant role in the onset of delirium due 
to their level of association, with OR of 2.07 and 2.86 
for AF and prolonged MV, respectively. Should this as-
sertion be consistently confirmed, their inclusion in 
future predictive scores could improve the sensitivity 
for detecting patients at risk. Brown et al. (6) have re-
ported similar findings when they reported an associ-
ation between AF and increased risk of postoperative 
neurological impairment. Nevertheless, we believe it 
is prudent to interpret these findings with caution. On 
the one hand, patients with prolonged MV are more 
prone to develop infections, kidney injury, and to be 
exposed to drugs such as opioids and benzodiazepines, 
and all these situations are associated with the risk of 
delirium. The association between postoperative AF 
and delirium through intensified inflammatory mech-
anisms in the context of surgical trauma is plausible, 
reinforcing the need to evaluate these factors together 
rather than in isolation. (24)
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(IQR) 25%-75%. Qualitative variables were expressed as 
frequencies and percentages. Comparisons between groups 
were performed using Student’s t-test or Wilcoxon test ac-
cording to the distribution for continuous data, and 2x2 ta-
bles were used, as well as the chi-square test with Yates’s 
correction for continuity for categorical variables. Univari-
ate and multivariate analyses were performed to define inde-
pendent predictors of delirium with the corresponding odds 
ratio (OR) and 95% confidence interval (95% CI). Different 
multivariate models were explored to develop a predictive 
model for postoperative delirium. Those variables with a p-
value < 0.10 in the univariate analysis were included so as 
not to limit the variables potentially useful in the diagnosis. 
The Hosmer-Lemeshow test was employed to evaluate the 
adequacy of the model, and a ROC curve was constructed 
with the variables obtained to assess diagnostic perfor-
mance, selecting the one with the optimal discrimination. A 
p value < 0.05 was considered statistically significant. The 
analysis was performed in R.

RESULTS
Of the 1515 patients evaluated, the incidence of de-
lirium as a postoperative complication was 9.1% (137 
patients). Patients who developed delirium were older 
(67.5 ± 11 versus 63.6 ± 11.3 years; p<0.001).  

The clinical history of patients with and without 
postoperative delirium is summarized in Table 1. The 
prevalence of hypertension, smoking habits, periph-
eral vascular disease, chronic obstructive pulmonary 
disease, alcohol abuse, recent use of illicit drugs, and 
frailty was higher in patients with delirium.  

The following variables were significantly associ-
ated with the development of postoperative delirium: 
coronary artery disease, combined surgery and me-
dian ArgenSCORE values (Table 2). There was no 
difference in baseline laboratory data. Regarding the 
intraoperative and postoperative variables, we high-
light differences in transfusion requirements, longer 
cardiopulmonary bypass (CPB) time (105 min. vs. 98 
min., p < 0.001), prolonged mechanical ventilation 
(MV), development of low cardiac output syndrome 
(LCOS), atrial fibrillation (AF), kidney failure, stroke, 
sepsis, and total length of hospital stay (medians of 
9 vs. 6 days, p < 0.001). All patients who developed 
delirium received antipsychotic treatment during hos-
pitalization. Seventy-two percent received monother-
apy, while 24% were treated with two antipsychotic 
agents and 4% with three. The most used drugs were 
quetiapine (55 patients; 40%), haloperidol (54 pa-
tients; 39%), and risperidone (20 patients; 15%). In 53 
cases (39%), other therapeutic alternatives were used, 
primarily benzodiazepines (Table 3).

Table 4 presents the univariate logistic regression 
analysis for the prediction of postoperative delirium, 
with the variables considered, their OR, 95% CI, and 
p-values. All variables with a p-value < 0.15 were 
considered in the multivariate analysis for the con-
struction of different predictive models of postopera-
tive delirium. The following model was found to have 
adequate predictive performance: postoperative AF 
(OR 2.07; 95% CI 1.29-3.32; p = 0.0026), prolonged 
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N N N% % % p

Patients

Age, years, mean (SD)

Male 

Hypertension

Diabetes Mellitus

Dyslipidemia

Active smoking

Reduced LVEF

Heart failure 

AMI ≤30 days

AMI >30 days

CABG

Heart valve surgery

PCI

Immunosuppression

Chronic AF 

Family history of CAD 

Peripheral vascular disease 

Pulmonary hypertension

Cerebrovascular disease

OSAHS

Moderate/severe COPD

Recent use of illicit drugs

Alcohol abuse 

Frailty

Acetylsalicylic acid

P2Y12 inhibitor

Statins

Beta blockers

ACEI

ARB

Furosemide

Thiazides

Spironolactone

Insulin

Oral hypoglycemic agents

Oral anticoagulants 

1515

64 (11)

1122

1159

436

814

234

243

225

157

190

69

83

181

18

109

159

141

96

72

56

106

12

226

90

796

194

875

878

436

492

207

97

108

94

307

111

1368

63.6 (11.3) 

1122

1159

436

814

234

243

225

157

190

69

83

181

18

109

159

141

96

72

56

106

12

226

90

796

194

875

878

436

492

207

97

108

94

307

111

137

 67.5 (11)

1122

1159

436

814

234

243

225

157

190

69

83

181

18

109

159

141

96

72

56

106

12

226

90

796

194

875

878

436

492

207

97

108

94

307

111

 100

74.1

76.5

28.8

53.7

15.4

16.0

14.9

10.4

12.5

4.6

5.5

12.0

1.2

7.2

10.5

9.3

6.3

4.8

3.7

7.0

0.8

14.9

5.9

52.6

12.8

57.8

58.8

28.8

32.5

13.7

6.4

7.1

6.2

20.3

7.3

 90.9

74.1

76.5

28.8

53.7

15.4

16.0

14.9

10.4

12.5

4.6

5.5

12.0

1.2

7.2

10.5

9.3

6.3

4.8

3.7

7.0

0.8

14.9

5.9

52.6

12.8

57.8

58.8

28.8

32.5

13.7

6.4

7.1

6.2

20.3

7.3

 9.1

74.1

76.5

28.8

53.7

15.4

16.0

14.9

10.4

12.5

4.6

5.5

12.0

1.2

7.2

10.5

9.3

6.3

4.8

3.7

7.0

0.8

14.9

5.9

52.6

12.8

57.8

58.8

28.8

32.5

13.7

6.4

7.1

6.2

20.3

7.3

	

<.001

0.007

0.010

0.150

0.280

0.001

0.280

0.260

0.200

0.200

0.170

0.097

0.160

0.010

0.260

0.010

0.009

0.060

0.080

0.040

<0.001

0.008

0.020

<0.001

0.120

0.020

0.330

0.090

0.450

0.110

0.060

0.450

0.220

0.280

0.400

0.360

Table 1. Baseline clinical characteristics (n = 1515) 

ACEI: angiotensin-converting enzyme inhibitor; AF: atrial fibrillation; AMI: acute myocardial infarction; ARB: angiotensin II receptor blocker; CABG: 
coronary artery bypass grafting; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; 
OSAHS: obstructive sleep apnea-hypopnea syndrome; PCI: percutaneous coronary intervention; P2Y12 inhibitor: P2Y12 receptor platelet inhibitor

Total     Delirium - Delirium +

A notable finding is the role of preoperative frailty, 
which has been strongly linked to adverse events in 
multiple settings. While the present analysis did not 
demonstrate a significant association between frailty 

and postoperative delirium, its systematic evaluation 
in the context of CVS should be considered, not only 
due to its growing interest and theoretical basis, but 
also because it is part of comprehensive patient care, 
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N N N% % % p

Patients

HF 

Endocarditis 

Acute aortic syndrome

Valvular heart disease

Coronary artery disease

Combined surgery 

Type of procedure

Elective 

Urgency

Emergency

Scores

EuroSCORE, median (IQR)

ArgenSCORE, median (IQR)

1515

53

48

27

599

933

247

1195

280

26

1368 

49

45

22

546

834

217

1094

249

23

137 

4

3

5

53

99

30

101

31

3

100

3.5

3.2

1.8

39.6

61.6

16.3

78.9

18.5

1.7

90.9

3.6

3.3

1.6

39.6

61.1

15.9

80.0

18.2

1.7

9.1 

2.9

2.2

2.6

38.7

72.3

21.9

73.7

22.6

2.2

	

0.600

0.600

0.650

0.680

0.004

0.030

0.340

0.400

0.480

0.301

0.004

Table 2. Main preoperative variables

HF: heart failure; IQR: interquartile range

as proposed by Inouye et al., (25) who suggested in-
cluding frailty as a key element in preventive strate-
gies for delirium.

It is important to note that, although kidney fail-
ure did not reach statistical significance on the multi-
variate model, it has been consistently described as a 
predictor of delirium in multiple previous studies and 
should be assessed. (15,18)

In our cohort, all patients who developed delirium 
received treatment with antipsychotics, predomi-
nantly as monotherapy, though a considerable pro-
portion required the administration of two drugs or 
greater. This finding reflects both the clinical burden 
of delirium and the complexity of its pharmacologi-
cal management in the postoperative context of CVS. 
Although antipsychotics are commonly used to man-
age symptoms such as agitation or hallucinations, the 
evidence of their efficacy in delirium is inconclusive. 
Thus, their use must be balanced against the risk of 
adverse effects, especially in elderly patients or those 
with cardiovascular comorbidities. (26) The high fre-
quency of haloperidol and quetiapine use in this series 
is consistent with standard practices reported in other 
critical care settings. However, it is necessary to move 
toward more standardized management strategies 
focused on non-pharmacological interventions when-
ever possible. (27)

We did not specifically evaluate the impact of mon-
otherapy vs. the use of more than one drug on delir-
ium duration or length of hospital stay. We consider 
that this analysis could provide valuable information 
for future research, given that the profile and combi-
nation of drugs could influence clinical evolution and 
functional recovery.

From a statistical point of view, the model con-
structed demonstrated good discrimination, with an 
area under the curve (AUC) of 0.76 (95% CI: 0.71–
0.80) and adequate calibration as assessed by the Hos-
mer-Lemeshow test (p = 0.999). These parameters 
indicate that the model not only discriminates well 
between patients with and without risk but also pre-
dicts events with acceptable accuracy across the entire 
population analyzed.

Regarding clinical implications, our findings un-
derscore the need for implementing systematic meas-
ures to early detect delirium at the local level, as well 
as multimodal management protocols that integrate 
AF monitoring, ventilation, and sepsis diagnosis. 
Furthermore, incorporating variables such as frailty 
and intercurrent events into future predictive models 
should be contemplated, as it has the potential to re-
sult in more comprehensive and dynamic tools for risk 
stratification.

Future lines of research should consider prospec-
tive models using validated scales, as the CAM-ICU, 
and explore the impact of preventive interventions in 
high-risk groups. Furthermore, it would be beneficial 
to examine the incremental value of incorporating 
biomarkers of inflammation, as IL-6 (interleukin-6), 
CRP (C-reactive protein), and NLR (neutrophil-to-
lymphocyte ratio) or nervous system function in pre-
dictive models of delirium in CVS. (28) 

Study limitations
Firstly, it should be noted that the observational and 
cross-sectional design of the study prevents us from 
establishing definitive causal relationships between 
the analyzed factors and the occurrence of delirium.  

Total     Delirium - Delirium +

1.52 (0.93-2.94)

2.33 (1.12-4.78)

1.46 (0.88-2.83)

2.23 (1.08 - 4.74)

1.83 (1.25-3.44)

3.34 (1.86-7.31)
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Secondly, the diagnosis of delirium was based on the 
clinical assessment of the treating team, without the 
systematic use of validated scales such as the CAM-
ICU. Therefore, the introduction of classification 
biases may be possible, and thus explain why the in-
cidence of delirium is lower in this study than that 
observed in the literature. In addition, the database 
did not include certain relevant predictors, such as 
prior cognitive impairment or detailed use of seda-
tives, which could have introduced confounding vari-

ables that were not addressed in the analysis. Finally, 
although the study included multiple centers nation-
wide, no adjustments were made for center, and the 
impact of institutional variability on the detection or 
treatment of delirium was not explored.

CONCLUSION
Postoperative delirium was found to be a common and 
relevant complication in patients enrolled in the AR-
GEN-CCV registry. The proposed model of coronary 

N N N% % % p

Patients

Intraoperative

Transfusions 

CPB

CPB time (min), median (IQR)

ACC time (min), median (IQR)

Bleeding

Cardiac arrest

Return to CPB

Postoperative

IABP 

Pulmonary artery catheter

Inotropic agents

Prolonged MV

Days in MV, median (IQR)

Bleeding 

Transfusions 

Right ventricular failure

Low cardiac output syndrome 

Perioperative AMI

Postoperative AF

Atrioventricular block

Ventricular arrhythmia

Temporary PM

Permanent PM

Kidney failure

Hemodialysis

Stroke

Fever

Sepsis

Total length of hospital stay (days) 

Median (IQR)

1515

500

1126

100 (75-123)

71(50-94)

100

38

28

24

29

30

140

4.5 (2-10)

159

141

40

235

50

361

108

43

370

42

201

61

50

131

89

6 (5-9)

1368 

439

1016

98 (75-122)

70 (50-93)

86

33

22

20

24

27

104

4 (2-8.3)

140

126

34

194

45

303

95

38

344

35

155

50

39

102

62

6(5-8)

137 

      61

      110

105 (85-134.3)

77.5 (60-94)

      4

      5

      6

       4

        5

       3

       36
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Table 3. Main intraoperative and postoperative variables

AF: atrial fibrillation; AMI: acute myocardial infarction; CPB: cardiopulmonary bypass; IABP: intra-aortic balloon pump; IQR: interquartile range; 
MV: mechanical ventilation; PM: pacemaker
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Figure 1. ROC curve showing the discrimination ability of the model to predict postoperative delirium after cardiovascular surgery 

AUC: 0.76;95% CI 0.71–0.80; AUC: area ander curve; FPR: false positive rate; TPR: true positive rate
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Table 4. Univariate logistic regression model

Table 5. Multivariate logistic regression model
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artery disease, sepsis, AF, MV, and frailty as predictors 
of postoperative delirium showed adequate diagnostic 
performance. While not significant, frailty warrants 
particular consideration due to its potential clinical 
implications. These findings could guide early detec-
tion and preventive intervention strategies in high-
risk surgical populations.
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