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Summary

Elderly people represent the fastest growing portion of cardiovascular patients. We aimed to analyze the clinical 
presentation, risk factors, co-morbidities, complications, and mortality in patients 90 years or more who underwent coro-
nary angiography and intervention.

We retrospectively studied 108 (0.25% of 43,385) consecutive patients ≥ 90 years undergoing cardiac catheteriza-
tion and/or intervention in a tertiary specialist hospital between 2003 and 2014.

Most patients (68.5%) were introduced on an emergency basis, especially with acute coronary syndrome (ACS) 
(63.8%). Non-STEMI accounted for two-thirds of the myocardial infarctions. We found higher prevalences of previous 
coronary artery disease (CAD) (38%), other atherosclerotic diseases (20.4%), cardiac risk factors such as hypertension 
(84.3%), diabetes (49.1%), hyperlipidemia (50.9%), heart failure (42.6%), atrial fibrillation (AF) (25.0%), severe aortic 
stenosis (13.0%), severe mitral regurgitation (3.7%), and implantable devices (25.0%), and co-morbidities such as renal 
impairment (48.1%), COPD (12.0%), and previous stroke (6.5%). Three-vessel disease was present in 34.6% of the pa-
tients. The left anterior descending artery (LAD) was the most affected coronary artery (67.6%). Percutaneous coronary 
intervention (PCI), mostly with bare metal stents (BMS), was used to manage 54.6% of the patients, and it failed in 4 of 
the patients. Conservative treatment was used in 39.8% of the patients and 15.7% had no significant CAD.

The incidences of vascular complications, such as bleeding (6.5%), bleeding in other organs (6.5%), blood transfu-
sion (6.5%), in-hospital paroxysmal atrial fibrillation (7.4%), in-hospital successful reanimation (2.8%), complete heart 
block (5.6%), acute renal impairment (23.1%), associated infection (25.9%), cardiogenic shock (14.8%), and death 
(15.7%) were high.

Considering the more extensive risk factors, CAD and co-morbidities, acute presentation and age per se, we believe 
that the reported higher rates of complications and mortality are still acceptable.   (Int Heart J 2017; 58: 180-184)
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D uring the past several years, demographic data have 
been showing an increase in the number of elderly, 
which is most predominant in Western countries, and 

it is expected to increase even further. In the United States, 
studies have shown that the number of people older than 80 
years was 9.3 million in 2000. This number is predicted to 
double (19.5 million) by 2030 and triple by 2050.1) In Germa-
ny, the percentage of people older than 80 years was 5.3% (4.3 
million) in 2010 and the number of people older than 100 
years is doubling every 8 years.2,3)

This increase in age is associated with increased preva-
lences of hypertension, diabetes, CAD, and other chronic ill-
nesses. Cardiovascular diseases are still the leading cause of 
death in Europe, accounting for 47% of deaths.4)

The increasing prevalence, consequences, morbidity, and 

mortality of CAD warrant aggressive prevention and manage-
ment measures. PCI is an established method of treatment for 
chronic and acute CAD.5)

Despite these trends, there are limited data on the efficacy 
and safety of PCI in very elderly patients. The bulk of the clini-
cal evidence and experience relies, however, on relatively 
young patients. Furthermore, patient case-mix has varied sub-
stantially between the studies in elderly, and as a result, PCI 
outcomes in octogenarians have varied widely in the published 
data. For example, the mortality rate ranged from 0% to 
34%.6-8)

The aim of this retrospective study was to analyze the 
clinical presentation, risk factors, co-morbidities, complica-
tions, and mortality in patients 90 years or older who under-
went coronary angiography and PCI at our center between 
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2003 and 2014.

Methods

Study population:   Our study was conducted in a retrospective 
method. The data used were collected using the database of the 
Zentralklinik Bad Berka for all patients who underwent diag-
nostic coronary angiography or intervention between 2003 and 
2014. In this period, a total of 108 nonagenarians out of 43,385 
consecutive patients undergoing cardiac catheterization or PCI 
were included in our study. Oral/written consent was obtained 
from all patients who underwent cardiac catheterization. There 
were no exclusion criteria.

The following parameters were assessed: 1) Clinical pres-
entation. 2) Patient related factors: age, gender, arterial hyper-
tension, diabetes mellitus, hyperlipidemia, smoking, family 
history of CAD, previous myocardial infarction, previous PCI, 
previous coronary artery bypass graft (CABG), heart failure, 
cardiogenic shock (defined as systolic pressure < 90 mmHg 
for at least 30 minutes), peripheral artery disease (PAD), AF, 
and ejection fraction (EF). 3) Comorbidities: chronic renal im-
pairment (CRI), chronic obstructive pulmonary disease 
(COPD), anemia (hemoglobin (Hb) less than 7 mmol/L), and 
infection. 4) Procedure related factors: number of diseased epi-
cardial arteries, type of treatment (PCI versus CABG versus 
medical therapy), and emergency procedures. 5) Complica-
tions: vascular complications (eg, large groin hematoma or en-
try-site bleeding with significant fall of Hb (Hb fall ≥ 2,5 
mmol/L), pseudo-aneurysm and arterio-venous fistula), major 
blood loss (defined as bleeding associated with significant fall 
of Hb (Hb fall ≥ 2,5 mmol/L), eg, gastrointestinal bleeding), 
contrast induced acute renal failure (CIARF) (defined as oligu-
ria or anuria with increase in serum creatinine > 0.5 mg/dL, or 
> 50% from baseline creatinine or the need for hemodialysis at 
any time after the procedure), peri-procedural myocardial inf-
arction (defined as troponin increase more than 5 times the up-
per limit of normal), acute stent thrombosis (defined as stent 
thrombosis < 24 hours after stent implantation), subacute stent 
thrombosis (defined as stent thrombosis > 24 hours to 30 days 
after stent implantation), and in-hospital mortality (defined as 
death in the catheterization lab or during the post procedural 
hospital stay), and cerebrovascular accident (CVA) defined as 
a permanent loss of neurologic function (including coma) 
caused by an ischemic vascular event. 6) Death: both cardiac 
and all causes mortality.

Coronary angiography was interpreted visually on site by 
each operator. Percutaneous coronary revascularization proce-
dures were performed using conventional methods at the dis-
cretion of the operator.
Statistical analysis:   For continues variables, we used the mean 
± standard deviation, where frequencies were measured for 
categorical variables. Differences between groups were ana-
lyzed using the Fischer exact test for categorical variables. A 
probability value of P < 0.05 was considered to be statistically 
significant.

Results

General:   From 2003 to 2014, 108 nonagenarians out of 

43,385 (0.25%) patients underwent diagnostic coronary angi-
ography or intervention at our tertiary hospital. The mean age 
was 92.1 ± 2.0 years and 55 patients (50.9%) were males.
Clinical presentation:   Most nonagenarian patients, 74 
(68.5%), were introduced on an emergency basis with one pa-
tient (0.9%) due to resuscitation for unclear cause. Among 
these 108 patients, 69 (63.8%) presented with ACS (including 
9 (8.3%) with unstable angina (UA), 36 (33.3%) with non-ST-
elevation myocardial infarction (NSTEMI), and 24 (22.2%) 
with ST-elevation myocardial infarction (STEMI)). Before ad-
mission, two patients with STEMI developed ventricular fibril-
lation (VF) and were resuscitated successfully. One of these 2 
patients developed acute pulmonary edema (APE). Four pa-
tients (3.7%) presented with APE due to hypertensive crisis. 
Eight out of 24 patients with STEMI arrived within 12 hours 
from the onset of symptoms (33.3%). Approximately one-third 
(34) of the patients (31.5%) presented electively. Eight patients 
(7.4%) had stable angina despite medical treatment and a high 
probability of CAD. Five patients (4.6%) presented with heart 
failure with reduced EF ≤ 45%. Seven patients (6.5%) present-
ed with cardiac arrhythmias (mainly AF and multiple risk fac-
tors for CAD) and 14 (12.9%) with symptomatic valvular heart 
disease (mainly severe aortic stenosis) (Supplemental Figure 
1).
Atherosclerosis and risk factors:   Almost all nonagenarians 
had arterial hypertension, about half had diabetes and hyperli-
pidemia, and about one in 4 had previous myocardial infarc-
tion or other atherosclerotic vessel disease (Supplemental Fig-
ure 2).
Cardiac status and co-morbidity:   The mean blood pressure at 
admission was 142.0 ± 27.4 mmHg systolic and 79.2 ± 13.5 
mmHg diastolic. The mean heart rate was 85.2 ± 29.6 and the 
mean EF was 47.6 ± 15.5.

The prevalences of heart failure, AF, valve disease, and 
implantable devices were high. About half of the patients had 
renal impairment, although none were on dialysis (Supplemen-
tal Table I). One patient (0.9%) had dementia. Medications at 
the time of admission are presented in Supplemental Table II.
Results of angiography:   Coronary angiography and interven-
tion were performed via the radial approach in 29.6% of the 
patients. Four cases had to be switched to a femoral artery ac-
cess. As a consequence, the femoral access was used in a total 
of 80 patients (74.1%).

Three-vessel disease (3VD) was present in 34% of the 
patients. LAD was the most affected artery. Two of 5 patients 
with previous CABG had undergone one bypass graft. PCI 
with mostly bare metal stents was used to manage 54.6% of 
the patients, 4 of whom experienced failure due to unsuitable 
anatomy of the vessels. Conservative treatment was used in 
39.8% of the patients and 15.7% had no significant CAD (Sup-
plemental Table III).

Adjuvant therapy with glycoprotein 2b3a was used in 
5.2% of the patients, 3.7% had received intra-aortic balloon 
pumping, and 3.7% had a pulmonary catheter due to cardio-
genic shock.
Complications:
Vascular and bleeding complications The incidences of vascu-
lar complications and bleeding in other organs other than at the 
puncture site were both 6.5%. A significant fall in hemoglobin 
was observed in 9.3% and 6.5% received a blood transfusion 
(Supplemental Table IV).
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Cardiac complications and arrhythmia Among the 108 pa-
tients, two (1.6%) had peri- interventional infarction, one 
(0.9%) re-infarction due to acute in-stent thrombosis, and 3 
(2.8%) pulmonary edema. One patient (0.9%) had pericardial 
effusion which was treated conservatively, and only one patient 
(0.9%) had thrombus in the left ventricle due to a left ventricu-
lar aneurysm.

During the hospital stay, one patient (0.9%) was success-
fully resuscitated due to developed asystole. Six patients 
(5.6%) developed complete atrioventricular block and they 
were treated using temporary pacemakers. Also, one patient 
(0.9%) developed ventricular fibrillation and was successfully 
resuscitated. One patient developed iatrogenic ventricular fi-
brillation (during left ventricle wiring) and was successfully 
defibrillated and resuscitated. Eight patients developed parox-
ysmal AF. Finally, one patient (0.9%) developed atrial tachy-
cardia.
Variable complications Among the complications, 28 patients 
(25.9%) had infection (17.6% had pneumonia and 8.3% had 
urinary tract infection (UTI)), 5.6% had post interventional de-
lirium, 0.9% had an allergic reaction due to contrast media, 
and 23.1% had CIARF (Supplemental Table V).
Shock and death The incidence of shock in our cohort was 17 
patients (15.7%). One of these 17 (5.9%) had septic shock. 
The majority (15/17, 88.2%) were cardiogenic due to pump 
failure, and one (5.9%) was due to ventricular septal defect due 
to myocardial infarction.

The mortality rate was 15.7% (17 patients out of 108). Of 
these, 9 (52.9%) died due to cardiogenic shock as a result of 
pump failure. The mortality in nonagenarians in cardiogenic 
shock was 9/15 (60%). One patient (5.9%) died due to cardio-
genic shock due to VSD and 3 patients (17.6%) due to com-
plete heart block and asystole. One patient (5.9%) died due to 
acute renal failure. Two patients (11.8%) died due to multiple 
organ failure. One patient (5.9%) was admitted due to out-of-
hospital cardiac arrest. Acute ischemia by coronary angiogra-
phy could be excluded and the patient died of an unknown 
cause.

Discussion

The most important findings in our cohort of 108 nonage-
narians were 1) the high incidences of cardiovascular risk fac-
tors and co-morbidities and therefore the peri-interventional 
complications, shock and mortality, 2) The high rate of associ-
ated infection, and 3) Lack of enthusiasm for performing a di-
agnostic or interventional procedure in this population that is 
growing in number.
Basic characteristics and clinical presentation:   In contrary to 
many studies that reported higher proportions of males 9-11) or 
females,12) we found no gender predominance in our study.

In accordance with other studies, nonagenarians in our 
study underwent coronary angiography almost on an emergen-
cy basis, especially with the diagnosis of ACS, reflecting the 
skepticism about the efficacy and safety of elective invasive 
procedures in the very elderly, the decreased frequencies of 
symptomatic CAD in men and women by age 80, the increas-
ing silent ischemia, and the atypical presentation.3,5,7) Also, the 
high rate of patients that were treated conservatively despite 
the presence of relevant CAD in our study (25.9%) reflects and 

confirms this skepticism, and perhaps explains the worry of 
bleeding complications under dual antiplatelet drugs the higher 
use of BMS than DES in our study.

In our study, we found that non-STEMI accounts for two-
thirds of the myocardial infarctions in this elderly population. 
This agrees with the results of Schwartz, et al.5) As expected 
and reported in other studies, due to atypical presentation, most 
patients with STEMI arrived more than 12 hours after the on-
set of symptoms.13,14)

As in previous to other studies,7,15-19) nonagenarians in our 
study had substantially higher prevalence and severity of 
atherosclerotic CAD with increasing prevalence of triple-ves-
sel CAD, cardiac risk factors such as hypertension and diabe-
tes, decreased EF, arrhythmia and especially atrial fibrillation, 
number of patients with implantable devices, valvular heart 
disease, and comorbidities, particularly CRI. In contrast with 
other studies, the prevalence of hyperlipidemia in our study 
was high. However, the prevalence of obesity was significantly 
lower among patients older than 90 years. This is a common 
finding in very old populations and is mainly due to malnutri-
tion.20,21)

Complications and outcome:   The reported rates of vascular 
and bleeding complications, peri-interventional infarction, and 
cerebrovascular stroke were comparable with the percentages 
described by Batchelor, et al.7)

The frequency of CIARF is approximately 13% in non-
diabetics and 20% in diabetics undergoing elective PCI.22) 
Among these patients, the consequences of dialysis is relative-
ly rare (0.5-2%), but the in-hospital mortality rate was high at 
36%.23) In our study, we reported collectively a relatively high-
er rate of CIARF (23%). In this group, only one patient (4%) 
had to be dialized, but unfortunately they later died.

Although the infection complication rate of cardiac cath-
eterization is zero,24) and this theme is nowadays irrelevant, we 
have reported a very high rate of associated infections (25.9%). 
About two-thirds of the patients had a lower respiratory tract 
infection and one-third had a urinary tract infection. This can 
be explained by deceased immunity with age, malnutrition, 
decreased mobility, the high rate of associated diseases such as 
DM, COPD, and renal impairment, and higher rates of compli-
cations that require a prolonged hospital stay. We believe that 
this issue is important and must be investigated in greater de-
tail.

We reported a high incidence of life-threatening bradyar-
rhythmia and tachyarrhythmia that were managed adequately 
and timely as well as a high incidence of shock mainly due to 
pump failure.

Previous results of clinical studies regarding death rate 
were highly variable, ranging from no early deaths up to rates 
as high as 34%.25-29) Several studies demonstrated a continuous, 
curvilinear manner of mortality after elective coronary angiog-
raphy and/or coronary intervention with increasing age, rang-
ing from about 0.5% for patients < 55 years old to about 5% 
for patients > 85 years old.7) This difference may be even more 
pronounced in the setting of acute coronary syndrome.13,30,31)

Batchelor, et al determined 7 independent predictors of 
mortality for octogenarians undergoing coronary interventions 
including increased age, cardiogenic shock, acute myocardial 
infarction, left ventricular systolic function, renal insufficiency, 
first coronary angioplasty, and diabetes mellitus.7,32-34) In their 
study, “Older” octogenarians (age > 85 years) had a two-fold 
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risk for mortality compared to octogenarians < 85 years old.7) 
Additionally, anemia per se was associated with higher in-hos-
pital mortality and poor long-term outcome in patients present-
ing with STEMI undergoing primary PCI.35,36)

Because of the high prevalence of these predictors in our 
study the mortality rate in our study was high (15.7%). This is 
higher than in the national cardiovascular collaboration net-
work or the French registry which reported a short-term mor-
tality of 3.8% and 3.4%, respectively.7,37) However, the coro-
nary angiography and interventions in both studies were 
elective. Also, this rate was higher than that reported in the 
Euro Heart Survey on coronary revascularization (8%). How-
ever, this survey was conducted on relatively younger patients 
(patients older than 75 years with STEMI treated by PCI).38) 
Our result was comparable to the results of a study from the 
Myocardial Infarction Registry (MIR) with more than 8000 
octogenarians (mean age, 84 years) on in-hospital mortality 
following primary PCI (14%)17) and in the work of Zoccai, et 
al reporting a mortality of 14%.6)

Was the coronary angiography and intervention in nonagenari-
ans helpful?:   In our study, we observed no statistically signifi-
cant difference in the in-hospital mortality rate in patients who 
presented with ACS and were managed interventionally com-
pared to those who were managed conservatively.

However, by comparing the in-hospital mortality rate in 
the subgroup of patients who presented with STEMI and were 
successfully managed by intervention with those patients who 
were treated conservatively and those not successfully man-
aged interventionally, the in- hospital mortality rate was found 
to be significantly lower (P = 0.02) in those who were success-
fully managed by intervention. Similarly, Renilla, et al and 
Hirakawa, et al found that the morbidity rate was higher 
among elderly patients (> 85 years and > 80 years old, respec-
tively) with STEMI treated conservatively than in patients who 
were treated interventionally.39,40) In the Belgian STEMI regis-
try, the in-hospital mortality rate in haemodynamically stable 
octogenarians who presented with STEMI and were treated in-
terventionally was lower than that of the group treated con-
servatively.41)

Limitations:   The limitations of our study include the lack of a 
control group, and no group that was younger than 90 years 
and no group without coronary angiography that was inten-
tionally treated in a conservative manner. The lack of follow-
up is another limitation.
Conclusion:   Considering the more extensive risk factors, 
CAD and co-morbidities, acute presentation, and age per se, 
we believe that the reported higher rates of complications and 
mortality are still acceptable, especially regarding the well-es-
tablished role of coronary intervention in the management of 
acute myocardial infarction.

We recommend the use of safer techniques that are readi-
ly available, such as the radial approach to minimize vascular 
complications. Since this group of patients is expanding, we 
need to develop new materials such as smaller catheters and 
sheaths, and medications as antiplatelets and anticoagulants 
and contrast medium to prevent or at least reduce the expected 
complications of coronary intervention.
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