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Abstract
Aims: The aim of the study was to evaluate the incidence and causes of rehospitalisation within one year 
after percutaneous coronary intervention (PCI) in a country where the National Health Service provides 
universal tax-supported healthcare, guaranteeing residents free hospital access.

Methods and results: Between January 2010 and September 2014, 17,111 patients were treated with PCI 
in two University Hospitals in Western Denmark. Patients who were readmitted within one year after PCI 
were identified. The overall one-year readmission rate was 50.4%. The cause was angina/myocardial infarc-
tion (MI) in 4,282 patients (49.7%), and other reasons in 4,334 (50.3%). Predictors of angina/MI-related 
readmissions were female gender (odds ratio [OR] 1.15, 95% confidence interval [CI]: 1.07-1.25), diabetes 
(OR 1.14, 95% CI: 1.04-1.26), age (per 10-year increase) (OR 0.86, 95% CI: 0.83-0.88), and indication 
for index PCI (stable angina pectoris as reference): ST-segment elevation myocardial infarction (OR 1.34, 
95% CI: 1.23-1.47) and non-ST-segment elevation myocardial infarction (OR 1.18, 95% CI: 1.08-1.29). 
Predictors for other readmissions were female gender (OR 1.09, 95% CI: 1.01-1.18), diabetes (OR 1.29, 
95% CI: 1.18-1.42), age (OR 1.30, 95% CI: 1.26-1.34) and Charlson comorbidity index ≥3 (OR 3.03, 95% 
CI: 2.71-3.27).

Conclusions: In an unselected patient cohort treated with PCI, half of the patients were rehospitalised 
within one year, highlighting the impact of comorbidity in patients with ischaemic heart disease.
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Abbreviations
ACS acute coronary syndrome
CABG coronary artery bypass graft
CCI Charlson comorbidity index
CHF chronic heart failure
CI confidence interval
IHD ischaemic heart disease
MI myocardial infarction
NSTEMI non-ST-segment elevation myocardial infarction
OR odds ratio
PCI percutaneous coronary intervention
SAP stable angina pectoris
STEMI ST-segment elevation myocardial infarction
WDHR Western Denmark Heart Registry

Introduction
Ischaemic heart disease (IHD) is a progressive condition which 
can lead to an increased risk of mortality and morbidity1. It is 
a common and burdening condition for both the patients and the 
healthcare system2,3. Initially, patients with coronary artery disease 
have a relatively low mortality rate (1.2-2.4%), but the individual 
prognosis is highly influenced by various factors, such as baseline 
characteristics, previous myocardial infarction (MI), and comorbid 
diseases such as diabetes and chronic kidney disease4.

Half of the patients presenting with IHD and acute coronary 
syndrome (ACS) suffer from chronic comorbidities, which may 
have a major influence on a patient’s outcome both during and 
after hospitalisation1,5. It is important to bear in mind various 
factors such as age, comorbidities and physical condition, when 
reperfusion with thrombolysis or revascularisation with percuta-
neous coronary intervention (PCI) or coronary artery bypass graft 
(CABG) is considered4,5. PCI is a common and low-risk procedure 
with a poorly described readmission pattern6.

Thirty-day readmission rates after PCI range from 8.0% to 
17.9% with a majority of cardiac-related reasons for rehospitalisa-
tion, but long-term readmission rates and non-cardiac reasons are 
poorly described6-10. It is difficult to predict long-term readmis-
sion, as knowledge of this health issue is limited, but individual 
health condition has a great influence on the risk of readmission, 
and needs to be considered when discussing this issue7,11,12. It is 
important to understand the reasons for readmission to improve 
patient outcome and prevent readmissions. To shed light on the 
impact of comorbidity in a progressive condition such as IHD, 
a long-term investigation of risk factors is necessary.

The purpose of this study was to investigate the one-year read-
mission rate after PCI and to evaluate predictors for angina/
MI-related and other rehospitalisations in a country with free 
access to healthcare.

Methods
STUDY POPULATION
The study was conducted using Western Denmark’s healthcare data-
bases, which cover the region’s entire population of approximately 

3.0 million inhabitants (55% of the Danish population). A detailed 
description of the databases has been reported previously13. The 
Danish National Health Service provides universal tax-supported 
healthcare, guaranteeing residents free access to general practition-
ers and hospitals. We used the Western Denmark Heart Registry 
(WDHR) to identify all PCI procedures performed from 1 January 
2010 up to 30 September 2014, at Odense University Hospital and 
Aarhus University Hospital. The study protocol was approved by 
The Danish Data Protection Agency (2012-41-0164).

All Danish citizens can be tracked in the healthcare system and 
national registries. The Danish Civil Registration System has kept 
electronic records on gender, birth date, residence, and emigra-
tion date since 1968, and characteristics of all non-psychiatric in-
patient admissions since 1977 with daily updates14. The 10-digit 
civil registration number assigned at birth and used in all registries 
allows accurate record linkage15. The Danish Civil Registration 
System provided vital status data for our study participants and 
minimised loss to follow-up.

DATA ANALYSIS
PCI procedures were linked to the Danish Civil Registration 
System using the 10-digit civil registration number, which made it 
possible to list the readmissions within one year, and to track the 
diagnoses given during the readmission, specified using ICD-10 
coding. Several diagnoses were given during the hospitalisation, 
but only one action diagnosis was given at discharge. The action 
diagnosis was used as the reason for readmission. Admissions 
within two days of the index procedure were interpreted as trans-
fer between departments and were not included as readmissions 
in the data set. Patients who were readmitted several times within 
one year were only included once in the data set with the first 
given diagnosis. Only hospital readmissions were included.

For each patient, data on all diagnoses from the Danish National 
Registry of Patients were obtained. Comorbidity scores were com-
puted using the Charlson comorbidity index (CCI)16, which cov-
ers 19 major disease categories, including diabetes mellitus, heart 
failure, cerebrovascular diseases, and cancer. The CCI is used to 
estimate risk of death in patients with comorbid diseases. The CCI 
value is a weighted summary of the diagnoses and weights the 
number and seriousness of comorbid diseases calculated on the 
basis of one-year mortality associated with each disease in the 
original Charlson data set16. A modified CCI was used, as diabetes 
mellitus was considered a separate confounder and removed from 
the CCI. Reasons for readmission were recorded and categorised.

STATISTICAL ANALYSIS
Contingency tables were created for the main study variables char-
acterising patients readmitted to hospital and not readmitted after 
PCI. The group of readmitted patients was further divided into 
patients with and without diagnoses of IHD. The follow-up period 
was 365 days after PCI. Statistical comparisons were undertaken for 
the two readmitted patient groups versus the non-readmitted group, 
using t-tests for continuous variables and the χ² test for categorical 
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variables. For readmitted patients, the most frequently occurring 
diagnosis was identified during readmission and up to one year after 
PCI. Kaplan-Meier curves were constructed to estimate the probabil-
ity of readmission within 365 days from the PCI and compared across 
indications for PCI (stable angina pectoris [SAP], STEMI, NSTEMI 
and other), comorbidities (using CCI ten years prior to PCI), dia-
betes mellitus and gender with log-rank tests. Eventually, potential 
risk factors for readmission after PCI were analysed using logistic 
regression: the indication for PCI, comorbidities, diabetes mellitus 
together with age and gender. All data analyses were carried out 
using SAS software, version 9.2 (SAS Institute Inc., Cary, NC, USA).

Results
STUDY POPULATION
A total of 18,025 patients were treated with PCI at one of the two 
participating PCI centres between January 2010 and September 
2014. Of these, 158 patients were foreign citizens, 14 patients 
emigrated, 566 patients died before hospital discharge and 176 had 
missing admission dates in the database; these were all excluded 
from the analysis (Figure 1). Thus, the final study cohort consisted 
of 17,111 patients. The readmissions included both acute read-
missions and staged revascularisation. Of the included patients, 
8,616 patients (50.4%) were readmitted to the hospital within 
365 days after the index PCI procedure. The all-cause 30-day 
readmission rate was 14.9%. The majority of patients were read-
mitted within the first month (Figure 2).

CHARACTERISTICS OF READMITTED PATIENTS
The clinical characteristics at baseline are shown in Table 1. 
Compared with patients who were not readmitted, females, smokers 

Patients treated with PCI
between 1.1.2010

and 30.9.2014
N=18,025

Foreign citizen
N=158

Emigrated
N=14

Missing readmission dates
in the Danish National
Registry of Patients
N=176

Died during index
hospitalisation
N=566

After exclusion
N=17,111

Readmitted in suspicion 
of angina or AMI within

365 days after PCI
N=4,282

Readmitted due to all 
other reasons within
365 days after PCI

N=4,332

Death as first event, and 
not readmitted within
365 days after PCI

N=143

Not readmitted within
365 days after PCI

N=8,495

Figure 1. Flow chart of enrolled patients.
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Figure 2. Timing of all-cause rehospitalisation: non-cumulative 
frequency within one year.

and diabetics were more likely to be readmitted for angina/MI. 
However, patients readmitted due to other reasons were more 
likely to be elderly, female, have a family history of IHD, hyper-
tension, hypercholesterolaemia, diabetes mellitus, and have higher 
levels of creatinine, compared to patients who were not readmitted. 
Patients with previous PCI, or CABG, or MI patients with comor-
bidities, with a longer stay at index hospitalisation, and patients 
with multivessel disease were more likely to be readmitted within 
365 days, no matter the reason. The frequency of each component 
of the modified CCI is illustrated in Figure 3. The most common 
comorbidities were MI, peripheral vascular disease and cerebro-
vascular disease.
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REASONS FOR READMISSION
Reasons for readmission were various and are shown in Table 2. 
Of all the 8,616 patients readmitted, 4,282 patients (49.7%) were 

readmitted on suspicion of angina/MI within 365 days after the 
index PCI procedure. The diagnoses defining angina/MI are shown 
in Table 2. The remaining 4,334 patients (50.3%) were readmitted 

Table 1. Baseline characteristics of patients readmitted to hospital within 365 days after a PCI procedure (N=17,111).

All patients 
(N=17,111)

Readmission 
related to 
angina/MI 
(N=4,282)

Other 
readmissions 

(N=4,334)

Not 
readmitted 
(N=8,495)

p-value (comparing 
other readmissions  

vs. patients not 
readmitted)

p-value (comparing 
readmission related to 
angina/MI vs. patients 

not readmitted)

Age, years at PCI 66.4±11.7 64.7±11.9 69.8±11.4 65.5±11.5 <0.0001 0.0011

Male 12,426 (72.6) 3,060 (71.5) 3,000 (69.2) 6,366 (74.9) <0.0001 <0.0001

BMI, kg/m2 27.1±5.2 27.3±5.2 26.8±5.3 27.2±5.2 0.0001 0.4974 (NS)

Systolic blood pressure, mmHg 136.0±23.8 134.7±23.0 134.9±24.7 137.1±23.6 <0.0001 <0.0001

Diastolic blood pressure, mmHg 75.0±13.5 74.8±13.5 73.4±14.0 76.0±13.2 <0.0001 <0.0001

Days between PCI and readmission 108.6±102.0 100.6±100.8 116.5±102.6

Creatinine, µmol/L 92.8±105.6 88.6+59.6 106.3±88.3 87.7±128.6 <0.0001 0.6423 (NS)

Family history of IHD 7,652 (44.7) 1,887 (44.1) 1,961 (45.2) 3,804 (44.8) <0.0001 0.3164 (NS)

Current smoker 5,041 (29.5) 1,360 (31.8) 1,164 (26.9) 2,521 (29.6) <0.0001 0.0093

Year of 
intervention

2010 3,708 (21.7) 979 (22.9) 931 (21.5) 1,798 (21.2)

0.2425 (NS) <0.0001

2011 3,783 (22.1) 1,024 (23.9) 911 (21.0) 1,848 (21.8)

2012 3,643 (21.3) 918 (21.4) 941 (21.7) 1,784 (21.0)

2013 3,505 (20.5) 797 (18.6) 941 (21.7) 1,767 (20.8)

2014 1 2,472 (14.4) 564 (13.2) 610 (14.1) 1,298 (15.3)

Blood pressure-lowering therapy 9,037 (52.8) 2,194 (51.2) 2,572 (59.3) 4,271 (50.3) <0.0001 0.495 (NS)

Lipid-lowering therapy 9,043 (52.8) 2,213 (51.7) 2,465 (56.9) 4,365 (51.4) <0.0001 0.1739 (NS)

Diabetes mellitus 2,673 (15.6) 708 (16.5) 843 (19.5) 1,122 (13.2) <0.0001 <0.0001

Previous CABG 1,567 (9.2) 407 (9.5) 528 (12.2) 632 (7.4) <0.0001 <0.0001

Previous PCI 2,930 (17.1) 770 (18.0) 792 (18.3) 1,368 (16.1) 0.0024 0.0008

Previous MI 2,778 (16.2) 701 (16.4) 851 (19.6) 1,226 (14.4) <0.0001 0.0003

Number of 
diseased 
vessels

1 vessel 7,525 (44.0) 1,665 (38.9) 1,795 (41.4) 4,065 (47.9)

<0.0001 <0.0001
2 vessels 3,191 (18.6) 1,036 (24.2) 760 (17.5) 1,395 (16.4)

3 vessels 1,760 (10.3) 586 (13.7) 543 (12.5) 631 (7.4)

Diffuse disease 25 (0.1) 8 (0.2) 3 (0.1) 14 (0.2)

Indication  
for PCI

ST-segment elevation myocardial 
infarction 4,954 (29.0) 1,419 (33.1) 1,071 (24.7) 2,464 (29.0)

<0.0001 <0.0001
Non-ST-segment elevation myocardial 
infarction or unstable angina 5,095 (29.8) 1,308 (30.5) 1,327 (30.6) 2,460 (29.0)

Stable angina 6,433 (37.6) 1,460 (34.1) 1,625 (37.5) 3,348 (39.4)

Other 629 (3.7) 95 (2.2) 257 (5.9) 223 (2.6)

10-year 
Charlson 
comorbidity 
index2

0 9,083 (53.1) 2,330 (54.4) 1,636 (37.7) 5,117 (60.2)

<0.0001 <0.00011-2 6,074 (35.5) 1,500 (35.0) 1,797 (41.5) 2,777 (32.7)

≥3 1,954 (11.4) 452 (10.6) 901 (20.8) 601 (7.1)

Duration of 
index 
hospitalisa-
tion

0-3 days 12,024 (70.3) 2,896 (67.6) 2,791 (64.4) 6,337 (74.6)

<0.0001 <0.00014-7 days 3,661 (21.4) 1,122 (26.2) 912 (21.0) 1,627 (19.2)

>7 days 1,426 (8.3) 264 (6.2) 631 (14.6) 531 (6.3)

Days from  
PCI to 
readmission

2-30 days 2,558 (14.9) 1,315 (30.7) 1,151 (26.6) – (–)
<0.0001 <0.0001

31-365 days 6,150 (35.9) 2,967 (69.3) 3,183 (73.4) – (–)

Died ≤365 days after PCI 745 (4.4) 129 (3.0) 473 (10.9) 143 (1.7)

Data are presented as mean±SD, or n (%). 1 Inclusion of patients in 2014 was only 9 months from January-September. 2 A modified Charlson comorbidity index was used, as diabetes mellitus 
was considered a separate confounder and removed from the original index. BMI: body mass index; CABG: coronary artery bypass graft surgery; IHD: ischaemic heart disease; MI: myocardial 
infarction; PCI: percutaneous coronary intervention; SD: standard deviation
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due to other indications. The most common angina/MI-related rea-
sons for readmission were angina pectoris/chest pain (87.5%) and 
ACS (12.5%). ACS is defined by the action diagnosis: MI, unspeci-
fied, unstable angina, STEMI and NSTEMI. For patients readmitted 
for other reasons, heart failure was the most common cause (5.5%), 
followed by atrial fibrillation/flutter (5.3%), and abdominal pain 
(5.3%) (Table 2).

RISK OF READMISSION
The probability of readmission is illustrated in the Kaplan-
Meier curves (Figure 4). The probability of being readmitted 
within 365 days increased with higher modified 10-year CCI, 
if the patients were diabetic or female, or if the PCI was per-
formed due to an indication other than NSTEMI, STEMI or 
SAP.

0  500 1,000 1,500

Myocardial infarction
Congestive heart failure

Peripheral vascular disease
Cerebrovascular disease

Dementia
Chronic pulmonary disease
Connective tissue disease

Ulcer disease
Mild liver disease

Hemiplegia
Moderate to severe renal disease

Any tumour
Leukemia

Lymphoma
Moderate to severe liver disease

Metastatic solid tumour
AIDS

Number of patients with disease

Readmission      No      Yes

Figure 3. Frequency of each component of the modified Charlson comorbidity index. Note that diabetes is considered a separate confounder 
and is excluded from the index.
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Figure 4. Kaplan-Meier cumulative event curves with 95% confidence limits for probability of readmission after PCI within a year as per 
various factors. A) Gender. B) Modified Charlson comorbidity index. C) Indication for percutaneous coronary intervention. D) Diabetes status.
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Table 2. Causes of readmission for the first readmission within 
365 days after PCI.

Angina/MI-related readmissions. N=4,282

Diagnosis N (%)
1 Angina pectoris/chest pain 3,746 (87.5%)

2 Acute coronary syndromes 536 (12.5%)

Top 25 other readmissions. N=4,334

Diagnosis N (%)
1 Heart failure 240 (5.5%)

2 Atrial fibrillation/flutter 231 (5.3%)

3 Abdominal pain, cholecystitis, colitis, 
enteritis, pancreatitis, cholangitis and 
appendicitis

231 (5.3%)

4 Cancer 218 (5.0%)

5 Bleeding 201 (4.6%)

6 Sepsis/bacterial infections 194 (4.5%)

7 Pneumonia 191 (4.4%)

8 Arthritis, arthrosis and joint pains 171 (3.9%)

9 Fractures, lesions and contusion 167 (3.9%)

10 Valve disease 161 (3.7%)

11 Arrhythmia 157 (3.6%)

12 Peripheral vascular disease 154 (3.6%)

13 Dyspnoea/respiratory insufficiency 139 (3.2%)

14 Suspected condition 135 (3.1%)

15 Syncope 119 (2.7%)

16 Anaemia 118 (2.7%)

17 Kidney failure/disease 105 (2.4%)

18 Neurological symptoms 103 (2.4%)

19 Hypertension and other cardiac conditions 93 (2.1%)

20 Ischaemic stroke 89 (2.1%)

21 Chronic obstructive pulmonary disease 80 (1.8%)

22 Heart/valve transplantation 66 (1.5%)

23 Complication after other procedures 63 (1.5%)

24 Benign tumour 60 (1.4%)

25 Dehydration 50 (1.3%)

Other 798 (18.4%)

MI: myocardial infarction; PCI: percutaneous coronary intervention

A modified 10-year CCI ≥3 was the strongest risk factor for 
other readmission (OR 3.0, 95% CI: 2.7-3.3, p<0.0001) (Table 3) 
but did not increase the risk for angina/MI patients. Patients pre-
senting with NSTEMI and STEMI were at no greater risk of 
being readmitted for other reasons compared to patients with SAP, 
whereas patients with other indications for PCI had a 2.7-fold 
increased risk for other readmissions than those with stable angina. 
However, both NSTEMI and STEMI patients had a higher risk of 
angina/MI-related readmission compared to SAP, while other indi-
cations for PCI were associated with a lower likelihood of angina/
MI-related readmission. Older age was linked to a 1.3 times higher 
risk of other readmission but was associated with a lower like-
lihood of angina/MI-related readmission. Females and diabetic 
patients had a slightly higher risk of readmission in both groups.

ANGIOGRAM AND REVASCULARISATION
Of the 17,111 patients included in the study, 3,455 (20.2%) had 
new coronary angiography within 365 days after index PCI 
(Table 4). The coronary angiography was followed by PCI in 

Table 3. Predictors of readmission.

Characteristic Comparator
Readmissions related to angina/MI Other readmissions

Adjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value
Sex Female vs. male 1.152 (1.065-1.246) 0.0004 1.088 (1.005-1.178) 0.0375

Diabetes mellitus Yes vs. no 1.140 (1.035-1.256) 0.0078 1.293 (1.176-1.422) <0.0001

Age Per 10-year increase 0.855 (0.829-0.882) <0.0001 1.297 (1.255-1.341) <0.0001

CCI 1-2 vs. 0 1.055 (0.976-1.140) 0.1799 1.655 (1.528-1.792) <0.0001

≥3 vs. 0 1.038 (0.920-1.171) 0.5467 3.026 (2.713-3.274) <0.0001

Presentation Other vs. SAP 0.624 (0.497-0.783) <0.0001 2.705 (2.278-3.213) <0.0001

NSTEMI vs. SAP 1.180 (1.082-1.287) 0.0002 1.029 (0.943-1.122) 0.5271

STEMI vs. SAP 1.347 (1.234-1.470) <0.0001 1.039 (0.947-1.140) 0.4154

Adjusted for all covariates. CCI: Charlson comorbidity index; CI: confidence interval; MI: myocardial infarction; NSTEMI: non-ST-elevation myocardial 
infarction; OR: odds ratio; SAP: stable angina pectoris; STEMI: ST-elevation myocardial infarction

Table 4. Patients with new coronary angiography and 
revascularisation within 365 days. N=17,111.

Patients with new coronary angiography 3,455 (20.2%)

Patients with new revascularisation

Patients with PCI 1,247 (7.3%)

Days since PCI 119±113.3

Patients with CABG 166 (1.0%)

Days since PCI 136±107.7

Patients with staged* revascularisation

Patients with staged* PCI 658 (3.8%)

Days since PCI 37±47.6

Patients with staged CABG 282 (1.6%)

Days since PCI 78±57.0

Data are presented as mean±SD, or n (%). *New PCI or CABG 
procedures after index PCI performed without new angiogram were 
interpreted as staged. CABG: coronary artery bypass graft surgery; 
PCI: percutaneous coronary intervention
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1,247 patients (7.3%), and CABG in 166 patients (1.0%). Planned 
revascularisation was seen in 5.5% of the patients – 658 (3.8%) 
received staged PCI, and 282 (1.6%) underwent staged CABG.

Discussion
The present study found that half of the patients undergoing PCI 
were readmitted within one year after the procedure. Half of the 
readmitted patients were rehospitalised on suspicion of angina/
MI, and half were readmitted due to other causes. One in eight of 
the angina/MI patients was hospitalised due to ACS, and the rest 
were readmitted due to angina or angina-suspected events. The all-
cause 30-day readmission rate was found to be 14.9%.

A recent published study8 found a lower 30-day readmis-
sion rate compared to ours (9.8% vs. 14.9%). Multiple aspects 
can influence the differing results. Firstly, data collection using 
WDHR combined with the Danish Civil Registration System 
made it possible to register all readmissions to every Danish hos-
pital and not just the index hospital, thereby minimising loss to 
follow-up. Secondly, we included PCI centres with patient uptake 
from Western Denmark, which comprises both metropolitan and 
rural areas. Additionally, our study included patients from two of 
five PCI centres, thereby representing half of the Danish popu-
lation. Furthermore, the patient’s possibility of readmission did 
not depend on health insurance or income due to the free Danish 
healthcare system, thus resulting in a diverse population.

Our results confirmed that chest pain was the major reason 
for readmission within the first year after index PCI. Among 
patients presenting with IHD symptoms, the suspicion of ACS 
often results in diagnostic procedures such as coronary angio-
graphy. Occasionally, angiography was performed for diagnostic 
or research purposes during readmission, and repeat revasculari-
sations were also performed as elective procedures at times. One 
fifth of the readmitted patients had a new angiogram, but only 
a minority required revascularisation treatment with repeat PCI 
(7.3%) or CABG (1.0%). In prior studies, approximately half of 
all readmitted patients underwent a repeat PCI within 30 days of 
readmission, but only a small percentage (10.5%) was due to acute 
MI6,17-19. Also, in these studies, both staged and acute PCI were 
encountered. It should be borne in mind that patients are at great 
risk of repeat revascularisation within the first month after index 
PCI – often a staged procedure – but this plays a small role in 
readmission treatment within 365 days20.

In order to reduce the readmission rates after PCI, it should be 
taken into account that the patient’s individual condition and health 
status appear to influence the outcome, more than the PCI proce-
dure itself. IHD is a progressive disease that leads to an increased 
risk of both mortality and morbidity. Several variables influencing 
mortality - such as female sex, medical insurance, education and 
age - are not modifiable7,17,19, but comorbidity may have a greater 
impact on one-year outcome than was previously expected. Our 
findings show that half of the patients were readmitted due to 
other reasons, e.g., infection, cancer, chronic obstructive pulmo-
nary disease, diseased peripheral vessels, chronic heart failure 

(CHF) and kidney failure. Patients with a CCI ≥3 had a three-
fold increased risk of readmission for other reasons, whereas CCI 
played no significant role for patients readmitted with angina/MI. 
Furthermore, diabetes and old age increased the readmission risk 
significantly. Patients with an index indication for PCI other than 
SAP, STEMI or NSTEMI were at a 2.7-fold increased risk of read-
mission. This indication covers, for example, revascularisation in 
patients with arrhythmia, valve disease, cardiomyopathy and CHF 
with severely reduced ejection fraction. This group of patients is 
known to suffer from more comorbidities21. Comorbidity in IHD 
patients is associated with long-term mortality and renal disease, 
diabetes, peripheral vascular disease and chronic obstructive pul-
monary disease in particular lead to higher mortality rates. These 
findings indicate that chronic medical conditions should be con-
sidered when investigating management of individual therapy, 
counselling and quality comparison to avoid readmission.

Long length of hospital stay was related to higher readmission 
rates for all readmissions, demonstrating that patients in need of 
no or limited healthcare after the procedure were less likely to be 
readmitted. Similar results have been presented in prior studies8,18. 
These findings indicate that patients with comorbidities are at high 
risk for readmission and are particularly vulnerable after PCI pro-
cedures. This information can be used to advise the health system 
to be careful with treatment and discharge of patients with comor-
bid diseases, and to consider the benefits from close outpatient 
follow-up after the index PCI.

Limitations
Our study should be interpreted in the context of several poten-
tial limitations. Firstly, as previously discussed, we did not dis-
tinguish between patients who were readmitted more than once 
within a year; these patients were only included in the data set 
with their first readmission diagnosis. In addition, readmission 
within two days of the index procedure was interpreted as trans-
fer between departments or hospitals during the index admission 
and was not included as a readmission in the data set, thereby 
risking losing very early, acute readmissions. Secondly, it was not 
possible to differentiate between patients who underwent coronary 
angiography for research purposes, or patients undergoing coro-
nary angiography or PCI due to acute chest pain. Thirdly, prin-
cipal diagnoses such as “chest pain”, “chronic heart failure” and 
“ACS” are defined from several different diagnostic codes, which 
results in difficulties determining the actual reason for readmis-
sion. Finally, in our study, we present data from a population with 
free healthcare which are thereby not limited by economic aspects. 
It is unclear therefore to what extent our results can be generalised 
to other healthcare systems and hospitals.

Conclusions
In an unselected patient cohort treated with PCI, a substantial pro-
portion of patients is readmitted within one year. The reasons for 
readmission fall into several broad categories with “chest pain” as 
the most common diagnosis. Even though one in five patients had 
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new angiography, only a minority of the patients needed repeat 
revascularisation. Other reasons for rehospitalisations accounted 
for half of the readmissions with a large number of both cardiac 
and non-cardiac causes. Comorbidities were the strongest pre-
dictor of readmission and were associated with an increased risk 
of readmission, which highlights the impact of comorbidity in 
patients with IHD.

Impact on daily practice
In a country with free hospital access, half of the patients under-
going PCI were readmitted within one year after the procedure. 
Half of the readmitted patients were rehospitalised on suspicion 
of IHD, and half were readmitted due to non-IHD causes. This 
information can be used to advise the health system to be care-
ful with treatment and discharge of patients with comorbid dis-
eases, and to consider the benefits of close outpatient follow-up 
after index PCI.
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