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ABSTRACT

Background: Readmissions after cardiac surgery are a relevant issue both for patients and the health care system in general. There 
are limited data about the relationship between readmissions after cardiac surgery and patient prognosis, or their impact on long-
term mortality.
Objective: The aim of this study was to analyze the incidence and the predictive factors of 30-day readmissions after cardiac surgery 
and their association with long-term mortality.
Methods: The Division of Cardiac Surgery computerized database was retrospectively analyzed. The analysis included all consecu-
tive patients undergoing cardiac surgery, discharged during the period between June 2010 and May 2013. Patients undergoing heart 
transplantation were excluded from the study. Readmission was defined as unplanned hospital admission within 30 days following 
discharge. Cardiovascular or non-cardiovascular death 30 days after discharge and until the end of follow-up period was considered 
as long-term mortality.
Results: A total of 1,327 patients were included in the study and 184 (13.9%) were readmitted to hospital. Median follow-up was 826 
days (IQR 581 to 1,085 days). Readmitted patients presented higher rate of comorbidities, as chronic obstructive pulmonary disease 
(6.5% vs. 2.1%; p=0.002) and heart failure (12% vs. 6%; p=0.0064). Also, in this group there was greater incidence of postopera-
tive complications, as atrial fibrillation (35% vs. 19%; p <0.0001) and low cardiac output (9.2% vs. 4%; p=0.004). Infections (not 
mediastinitis) (25%), arrhythmias and permanent pacemaker implantation (15.2%), heart failure (13%), pleural effusion (6.5%), 
pericardial effusion (3.8%), fever of unknown origin (3.26%) and mediastinitis (6%), among others, were the most frequent causes of 
readmission. Logistic regression analysis showed that the factors associated with greater risk of readmission were cardiac surgery 
not involving coronary artery bypass grafting (OR 2.29; 95% CI 1.55-3.37; p <0.0001), history of pulmonary disease (OR: 2.95; 95% 
CI 1.32-6.6; p=0.0084), atrial fibrillation (OR 1.99; 95% CI 1.34-2.94; p=0.0005) and body mass index (OR 1.046; 95% CI 1.008-
1.085; p=0.017). Considering the primary endpoint, readmissions were significantly associated with increased mortality at 1 and 3 
years: 8.7% vs. 2.3%; p <0.0001 and 13.6% vs. 4.2%; p <0.0001, respectively. 
Conclusions: Readmission within 30 days after cardiac surgery is significantly associated with long-term mortality. The implemen-
tation of adequate care measures could reduce the probability of readmissions and, hence, improve the prognosis of this group of 
patients.
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RESUMEN

Introducción: Las reinternaciones posteriores a una cirugía cardiaca son un problema relevante para los pacientes y para el sistema 
de salud en general. Existen pocos datos respecto de la relación entre las reinternaciones después de cirugía cardíaca y el pronóstico 
evolutivo de los pacientes, ni de su impacto en la mortalidad alejada. 
Objetivos: Analizar la incidencia, los factores predictores de las reinternaciones a 30 días luego de cirugía cardíaca y su asociación 
con la mortalidad alejada.
Material y métodos: Se analizó en forma retrospectiva la base de datos informatizada del Servicio de Cirugía Cardíaca. En el análisis 
se incluyeron todos los pacientes sometidos a cirugía cardíaca en forma consecutiva, dados de alta en el período comprendido entre 
junio de 2010 y mayo de 2013. Se excluyeron los pacientes operados de trasplante cardíaco. Se definió reinternación como el reingreso 
hospitalario no planificado dentro de los 30 días transcurridos desde su egreso. Fue considerada mortalidad alejada la muerte de 
causa cardiovascular o no cardiovascular a partir del día 30 posterior al alta, hasta finalizar el seguimiento. 
Resultados: Se incluyeron 1327 pacientes, de los cuales fueron reinternados 184 (13,9%). La mediana de seguimiento fue de 826 
días (IQ 581 a 1085 días). Los pacientes reinternados presentaban mayor tasa de comorbilidades como EPOC (6,5% contra 2,1%; p 
= 0,002) e insuficiencia cardíaca (12% contra 6%; p = 0,0064). También, en este grupo se observó mayor incidencia de las complica-
ciones posoperatorias de fibrilación auricular (35% contra 19%; p < 0,0001) y de bajo gasto cardiaco posoperatorio (9,2% contra 4%; 
p = 0,004). Entre las causas más frecuentes de las reinternaciones se identificaron las infecciones (no mediastinitis) (25%), arritmias 
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INTRODUCTION
Readmissions after cardiac surgery are a relevant is-
sue both for patients and the health care system in 
general. Not only are they disappointing for the pa-
tient but also a burden for the health care system 
that should not be disregarded. They could eventually 
express some failure in the care processes leading to 
hospital discharge or in the post discharge ambula-
tory management of these patients. This, without 
overlooking the importance complications have dur-
ing postoperative hospitalizations. Therefore, read-
missions are currently considered as one of the most 
highly rated quality of care criteria. (1)

Readmitted patients usually present with more frail-
ty, more comorbidities and often suffer greater incidence 
of postoperative complications. Hospital readmissions 
are also reported to negatively impact on the predictive 
outcome of patients. (2-4) Over the years, the rate of 
readmissions after cardiac surgery has remained rela-
tively stable, although there is an important discrepancy 
among surgical centers, sometimes exceeding 20% of pa-
tients undergoing this type of surgery. (5-7)

However, there are few data regarding 30-day re-
admissions after cardiac surgery and their impact on 
the predictive outcome of patients, or their associa-
tion with increased risk of long-term mortality. The 
purpose of this work was thus to analyze the associa-
tion between 30-day readmissions after cardiac sur-
gery and their association with long-term mortality.

METHODS
The Division of Cardiac Surgery computerized database was 
retrospectively analyzed. The analysis included all consecu-
tive patients undergoing cardiac surgery and discharged 
during the period between June 2010 and May 2013. Pa-
tients undergoing heart transplantation were excluded from 
the study. The analysis neither included post-discharge vis-
its to the emergency department without readmission.

Definitions
Readmission was defined as unplanned hospitalization with-
in 30 days following discharge.

Early readmission was considered as hospitalization 
within 7 days after discharge and late readmission as admis-
sion between 8 and 30 days after discharge.

Statistical analysis
Categorical variables were expressed as percentages and 
continuous variables as mean and standard deviation, as ap-
propriate. Patients’ characteristics were compared using the 
chi-square test for categorical data and Student`s t test for 
normal distribution or the non-parametric Mann-Whitney 
U test for non-normal distribution of continuous variables. 
Significance was established at p<0.05. Survival curves 
were built using the Kaplan-Meier method and patients with 
and without readmission were compared with the Log-Rank 
test. Readmission predictors were evaluated using a logistic 
regression model including significant variables from uni-
variate models and odds ratios were calculated with their 
corresponding 95% confidence interval. A Cox regression 
model adjusted for significant variables of univariate models 
was built to analyze predictors of long-term mortality and 
hazard ratios were calculated with their corresponding 95% 
confidence interval. IBM SPSS Statistics 20 and Stata 12 
statistical packages were used for statistical analyses.  

Ethical considerations
The study was evaluated and approved by the institutional 
Ethics Committee.

RESULTS
A total of 1,327 consecutive patients undergoing 
cardiovascular surgery between June 2010 and May 
2013 were retrospectively analyzed, among which 184 
(13.9%) were readmitted to hospital. Patients were 
followed-up for 3 years, with a median of 826 days 
(IQR 581-1085 days). Median hospital stay was 7 days 
(IQR 5-11 days) with in-hospital mortality of 5.1% (72 
patients). Total mortality during follow-up was 5.5%% 
(73 patients).

The group of patients that were readmitted com-
pared with those that were never readmitted showed 
that the first group included older patients (67 vs. 65 
years of age; p=0.029), greater proportion of women 

AAF Atrial fibrillation

AMI Acute myocardial infarction

BMI Body mass index

CABG Coronary artery bypass grafting

CHF Congestive heart failure

CPB Cardio-pulmonary bypass

PM Pacemaker

PO Postoperative

R Readmission

Abbreviations 

e implante de MCP (15,2%), insuficiencia cardíaca (13%), derrame pleural (6,5%), derrame pericárdico (3,8%), fiebre sin foco esta-
blecido (3,26%) y mediastinitis (6%), entre otras. Según el análisis de regresión logística los factores que se asociaban con el mayor 
riesgo de reinternación fueron la cirugía cardíaca no CRM (IC 95% 1,55-3,37; p < 0,0001), antecedentes de enfermedad respiratoria 
(IC 95% 1,32-6,6; p = 0,0084), fibrilación auricular (OR 1,99; IC 95% 1,34-2,94; p = 0,0005) e IMC (OR 1,046; IC 95% 1,008-1,085; p 
= 0,017). En cuanto al punto final, las reinternaciones se asociaron en forma significativa con un aumento en la mortalidad a 1 y 3 
años: 8,7% contra 2,3%; p < 0,0001 y 13,6% contra 4,2%, p < 0,0001, respectivamente. 
Conclusiones: La reinternación a 30 días luego de cirugía cardíaca se asocia en forma significativa con mayor mortalidad alejada de 
los pacientes operados. La implementación de las medidas asistenciales adecuadas podría reducir la probabilidad de las reinternac-
iones, y, en consecuencia, por ende, mejorar el pronóstico de este grupo de pacientes

Palabras Clave: Cirugía torácica - Tiempo de internación - Hospitalización – Mortalidad
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admitted patients, there was greater incidence of 
postoperative complications. There were more cases 
of atrial fibrillation (AF) (35% vs. 19%; p <0.001) 
and low postoperative cardiac output (9.2% vs. 4%; 
p=0.004). In turn, no significant difference was ob-
served in the incidence of perioperative acute myo-
cardial infarction (AMI), bleeding or reoperation for 
bleeding. Neither were there significant differences in 
postoperative need for dialysis nor in the incidence of 
stroke between both groups (Table 2).

Causes for readmission: Infections (not medi-
astinitis) (25%), arrhythmias and pacemaker (PM) 
implantation (15.2%), CHF (13%), pleural effusion 
(6.5%), mediastinitis (6%), syncope (5.5%), anemia 
(5.3%), pericardial effusion (3.8%), fever of unknown 
origin (3.26%), and others (16.3%) were the causes for 
readmission, and were not different between groups 
with early or late readmission (Figure 1).

Readmission predictors: Logistic regression analy-
sis showed that patients operated on with CPB had 
2.28 (95% CI 1.55-3.37; p <0.0001) greater risk of 30-
day readmission, as those with history of pulmonary 
disease (2.95, 95% CI 1.32-6.6; p=0.0084) and post-
operative AF (1.99, 95% CI 1.34-2.94; p=0.005). The 

(36.4 vs. 23.7%; p=0.0002), higher body mass index 
(BMI) (28.6 vs. 27.8; p=0.02) and greater surgical 
risk factors according to the EuroScore (5.4 vs. 4.2; 
p=0.0001). It was also seen that cardiopulmonary 
bypass (CPB) was more prevalent in the group of re-
admitted patients (70% vs. 47%; p <0.0001) with a 
lower ratio of single coronary artery bypass grafting 
(CABG) procedures (29.4% vs. 51.8%; p <0.0001). It 
is relevant to point out that only 3.34% of CABG were 
performed using CPB with no difference in its dura-
tion between both groups.

Readmitted patients had longer hospital stay (12.3 
days vs. 9.8 days; p=0.026) with greater postoperative 
hospitalization (9 days vs. 7.3 days; p=0.0058). Me-
dian readmission stay was 4 days (IQR 2 to 8 days), 
with a mean early stay of 4±1.9 days vs. 15±6 days in 
the case of long-term readmission (Table 1).

Preoperative clinical history: Readmitted patients 
presented greater rate of comorbidities: chronic ob-
structive pulmonary disease (EPOC) (6.5% vs. 2.1%; 
p=0.002), congestive heart failure (CHF) (12% vs. 
6%; p=0.0064), and also greater prevalence of anemia 
(8.7% vs. 4.6%; p=0.063) (Table 1).

Postoperative complications: In the group of re-

Table 1. Patient baseline char-
acteristics

SD: Standard deviation. BMI: Body mass index. CPB: Cardiopulmonary bypass. CAGB: Coronary artery bypass 
grafting. AMI: Acute myocardial infarction PCI: Percutaneous coronary intervention. COPD: Chronic obstruc-
tive pulmonary disease. CRF: chronic renal failure. HT: Hypertension. CHF: Congestive heart failure

WITHOUT readmission WITH readmission p

Patients, n

Age, years mean (SD)

BMI, kg/m2, mean (SD)

Male sex

Surgical priority (urgency)

EuroScore, mean (SD)

Surgeries with CPB

CPB time, min, mean (SD)

CABG

Non-CABG surgery

Valvular

Combined

Thoracic aorta

Others

Prior AMI

Prior PCI

Prior CABG

COPD

CRF

Anemia

HT

Dyslipidemia

Smoking

Diabetes mellitus

CHF

Hospital stay, days, mean (SD)

Posoperative stay, days, mean (SD)

1,143 (86.1%)

65.2 (11.2)

27.8 (4.3)

872 (76.3%)

315 (27.6%)

4.2 (3.0)

535 (46.8%)

111.5 (40.0)

592 (51.8%)

551 (48.2%)

239 (20.9%)

156 (13.6%)

82 (7.2%)

74 (6.5%)

301 (26.3%)

161 (14.1%)

28 (2.5%)

24 (2.1%)

62 (5.4%)

53 (4.6%)

823 (72%)

764 (66.8%)

646 (56.5%)

256 (22.4%)

68 (6.0%)

9.8 (10.0)

7.3 (9.1)

184 (13.9%)

67.4 (12.5)

28.6 (4.7)

117 (63.6%)

54 (29.4%)

5.4 (2.8)

129 (70.1%)

116.6 (35.8)

54 (29.4%)

130 (70.7%)

51 (27.7%)

44 (23.9%)

17 (9.2%)

18 (9.8%)

40 (21.7%)

25 (13.6%)

8 (4.4%)

12 (6.5%)

11 (6%)

16 (8.7%)

137 (74.5%)

123 (66.9%)

98 (53.3%)

50 (27.2%)

22 (12.0%)

12.3 (10.1)

9 (7.6)

0.0299

0.0206

0.0002

0.6576

p<0.0001

p<0.0001

0.1350

p<0.0001

p<0.0001

0.2036

0.9094

0.1434

0.0021

0.7283

0.0632

0.5346

1.0000

0.4087

0.1578

0.0064

0.026

0.0058
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Table 2. Postoperative com-
plications according to pres-
ence of readmission

AMI: Acute myocardial infarction. LCO: Low cardiac output. AF: Atrial fibrillation.

CHF: Congestive heart failure. PM: Pacemaker. TIA: Transient ischemic attack.

Patients, n 

Perioperative AMI

Medical bleeding

Reoperation for bleeding

Postoperative LCO

AF

Postoperative dialysis

Stroke

1,143 (86.1%)

19 (1.7%)

91 (8%)

42 (3.7%)

46 (4.0%)

217 (19%)

18 (1.6%)

10 (0.9%)

184 (13.9%)

4 (2.2%)

19 (10.3%)

9 (4.9%)

17 (9.2%)

65 (35.3%)

3 (1.6%)

1 (0.5%)

0.5475

0.3119

0.4093

0.0044

p<0.0001

1.0000

1.0000

chance of readmission increased 4.6% (OR 1.046; 95% 
CI 1.008-1.085; p=0.017) for each 1 point increase in 
BMI. Neither female sex nor age seemed to increase 
the risk of readmission (Table 3).

Long-term mortality and predictors: Regarding the 
final endpoint, readmissions were significantly associ-
ated with increased mortality at 1 and 3 years (8.7% 
vs. 2.3%; p <0.0001 and 13.6% vs. 4.2%; p <0.0001, 
respectively).

The multivariate analysis, performed to determine 
the variables predicting reduced survival at 3 years, 
showed that 30-day readmission after cardiac surgery 
was significantly associated with worse outcome (HR 
3.18; 95% CI 1.93-5.25; p <0.001). Older age, need for 
postoperative dialysis and longer postoperative stay 
also increased the risk of greater long-term mortality 
(Table 4). 

DISCUSSION
The present work analyzes readmissions after cardiac 
surgery and their impact on patient outcome. The 

main finding of the study is that readmitted patients 
had significantly shorter survival compared with the 
group with no readmissions. The need for readmis-
sion was significantly associated with 3.18 increase 
of death risk in the long-term follow-up of operated 
patients (see Table 4)

Several authors have published studies analyzing 
the rate of readmissions and their causes in patients 
undergoing cardiac surgery. (5, 6, 8, 9) According to 
our knowledge, there are no publications considering 
the long-term outcome of patients readmitted after 
cardiac surgery. Hannan et al. found a weak correla-
tion between readmissions in CABG and in-hospital 
mortality (correlation coefficient 0.32; p=0.047). 
However, this work did not follow-up patients to de-
termine their long-term outcome. (6)

In our study the rate of readmissions was 13.9%, 
comparable to those reported by other authors. (5, 6, 
8) The most prevalent causes for readmission were 
postoperative infections (not mediastinitis) (25%), ar-
rhythmias and PM implantation (15%), CHF (13%) 

WITHOUT readmission WITH readmission p

Fig. 1. Causes of early vs. long-
term readmissions
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and pleural effusion (6.5%). In turn, the variables 
most significantly associated with increased risk of 
readmission were high BMI (2. 95 times greater risk), 
surgeries with CPB (2.28 times) and presence of AF in 
the postoperative period (1.99 times). Different from 
other publications, neither sex nor age evidenced suf-
ficient predictive power. All these data can be espe-
cially useful at the moment of designing strategies to 
reduce readmissions. 

When analyzing the differential characteristics 
of both groups, we found that readmitted patients 
had greater rate of comorbidities and their immedi-
ate postoperative outcome had been more torpid (see 
Table 1). Different studies reported a prevalence of 
women, older age and comorbidities, with higher in-
cidence of overweight, anemia and COPD, in readmit-
ted patients. (6, 8, 9) These conditions alone have a 
negative impact on postoperative survival. (2-4) and 
probably explain, at least in part, a worse long-term 
evolution of readmitted patients.

Another relevant data that might clarify the nega-
tive effect of readmissions is that readmitted patients 
usually suffer a higher rate of postoperative compli-
cations. Respiratory failure, AF, low cardiac output 
and renal function impairment with need for dialysis 
occur more frequently in the group of readmitted pa-
tients (see Table 2). Prolonged hospital stay has been 
also associated with increased long-term mortality. 
(6) We believe that all the aforementioned conditions 
would express increased vulnerability in this group of 
patients and might condition their future evolution.

We could sustain that the group of patients endur-
ing readmission would be exposed to a worse outcome, 
so their earlier identification and preventive conducts 
should level these risks. For example, Iribarne et al., 
analyzing a similar population, postulated that care 
oriented towards patient history and postoperative 
complications might decrease readmissions and the 

associated hospital health service costs. (8)
One of the hypotheses that might explain these 

results could be that readmissions express an under-
lying risk of the more vulnerable patient to suffer 
postoperative complications and this could impact on 
its worse outcome. Actions oriented to reduce these 
complications, among other measures, might neutral-
ize this risk, a hypothesis that should be confirmed by 
further prospective studies.

Based on our findings, focusing efforts on the re-
duction of perioperative and readmission complica-
tions would favorably influence patient prognosis. It 
would be useful to identify the group of patients with 
worse predictive evolution, as it would allow concen-
trating resources destined to their follow-up. 

Limitations
A weakness of the present study was its single-center 
character, although sample size and follow-up were 
optimal. It should be pointed out that the rate of re-
admissions was similar to other works, so it might be 
expected that these results could be extrapolated to 
other institutions. One of the main limitations of this 
study is its retrospective nature with the special bi-
ases of this type of studies. However, we should clarify 
that data loading was prospective as a database of the 
division of cardiovascular surgery was used which was 
completed at the moment of patient discharge. 

CONCLUSIONS
The present study suggests that 30-day readmissions 
are significantly associated with lower long-term sur-
vival of patients undergoing cardiac surgery. Age, 
postoperative need for dialysis and longer postopera-
tive stay also correlate with readmissions. The imple-
mentation of adequate care policies might reduce the 
probability of readmissions and hence, improve the 
prognosis of this group of patients.

Table 3. Multivariate analysis 
of readmission predictors.

Table 4. Multivariate analysis 
of long-term mortality

AMI: Acute myocardial infarction. LCO: Low cardiac output. AF: Atrial fibrillation.

CI: Confidence interval.

Sex

Age

Non-CABG surgery

AF complications

History of respiratory disease

BMI

Readmission

Age

Dialysis at discharge

Postoperative stay

1.354

1.003

2.287

1.993

2.953

1.046

3.187

1.039

5.027

1.033

1.998

1.02

3.37

2.944

6.606

1.085

5.258

1.063

11.916

1.045

0.918

0.987

1.552

1.349

1.32

1.008

1.932

1.015

2.121

1.021

0.1261

0.6768

P<0.0001

0.0005

0.0084

0.0171

<0.0001

0.0013

0.0002

<0.0001

Odds Ratio

Hazard Ratio

95% CI

95% CI

p

p
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