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Abstract
Aims: Data on primary percutaneous coronary intervention for ST-segment elevation in nonagenarian

patients are very limited. Our aim was to evaluate the results of primary percutaneous coronary intervention

in patients ≥ 90 years old with ST-segment elevation acute myocardial infarction. 

Methods and results: We conducted a multicentre registry focused on nonagenarians treated with

percutaneous coronary interventions, gathering data from five tertiary centres in Spain. We included

38 patients with ST-segment elevation acute myocardial infarction who presented within 12 hours after

symptoms onset and who were treated with primary percutaneous intervention. Mean age was 91.5 (90-

98). Angiographic success was achieved in 90%, and TIMI 3 flow in 76% of cases. In-hospital mortality

was 34.2%, concentrated in patients with major bleeding (100% vs. 31.4%), final TIMI flow grade <3

(71.4% vs. 22.7%), and Killip class > I at admission (53.3% vs. 21.7%). 

Conclusions: Primary percutaneous coronary intervention in nonagenarians with ST-segment elevation

acute myocardial infarction is associated with high rate of successful recanalisation of the infarct-related

artery. Mortality is concentrated in patients with severe bleeding during hospitalisation, heart failure at

admission, and final TIMI flow <3.
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Introduction
Ischaemic heart disease, and especially acute myocardial

infarction, is a leading cause of death among patients all over the

world1-3. Although the prevalence of coronary artery disease

increases with age, elderly patients are under-represented in clinical

trials. We are facing a progressive growth in the elderly population;

thus, the management of nonagenarians with coronary artery

disease is an emerging challenge. Although primary percutaneous

coronary intervention (PCI) is the standard of care for patients

admitted with ST elevation myocardial infarction (STEMI), in very

elderly patients there is a trend towards more conservative

treatment, in addition to acknowledged underuse of invasive

treatments and cardiovascular medications4,5.

Prior studies have revealed that age over 75 is associated with higher

mortality and increased risk of complications of PCI6-9. Information

from clinical trials shows that in spite of the higher rate of

complications and mortality, older patients have enhanced clinical

outcomes when treated with primary PCI10-12. We report the

outcomes of a series of nonagenarians (age ≥90) admitted with

STEMI and treated with primary PCI in five Spanish tertiary hospitals.

Methods

Study population

In five Spanish centres, we conducted a registry including patients

≥ 90 year-old with STEMI treated with primary PCI within 12 hours

after symptoms onset. Patients with cardiogenic shock at the

beginning of the procedure were also included. We retrospectively

recruited 38 patients, who were followed-up during the

hospitalisation period.

Interventional procedure

Once written consent for treatment was obtained from the patient or

his/her relatives, PCI was performed in all cases by femoral access

using a 6 Fr guiding catheter. All primary PCI were performed at five

tertiary hospitals by senior interventional cardiologists. All patients

received 300 to 500 mg of aspirin and a loading dose of clopidogrel

(300 or 600 mg according to local protocols) before the PCI.

Intravenous unfractionated heparin 100 IU/kg was administered at

the beginning of the procedure, as well as additional doses if

necessary to obtain an activated clotting time >300 seconds.

Coronary stenting (either bare-metal or drug-eluting), thrombus

aspiration catheter, intra-aortic balloon pump, and glycoprotein

IIb/IIIa inhibitors were used accordingly to the physician’s

preference in each individual patient.

Definitions and outcomes evaluation

The following outcomes were evaluated during hospitalisation: death,

recurrent myocardial infarction, new target vessel revascularisation,

stroke, acute renal failure and severe bleeding.

Acute renal failure was defined as an increase of 0.5 mg/dl in

plasmatic creatinine. Major bleeding was defined as one that

required blood transfusion and/or was life-threatening. Recurrent

myocardial infarction was defined as ischaemic-type chest

discomfort lasting at least 30 minutes associated with re-elevation of

serum troponin or creatinine phosphokinase values  two-fold the

upper limit of normal at least 48 hours after the procedure; and/or

new ST elevation or new pathological Q waves. Left ventricular

ejection fraction (LEVF) was assessed by echocardiography just

prior or following the procedure.

Statistical analysis

Statistical analysis was performed with SPSS 15 statistical package

(SPSS Inc., Chicago, IL, USA). Continuous variables are expressed

as means (standard deviation) and discrete variables as

percentages, unless otherwise specified. No univariate or

multivariate analyses were made due to the small sample size.

Results

Baseline characteristics

From January 2000 to January 2009, 38 patients aged ≥ 90 with

STEMI treated with PCI within 12 hours after symptoms onset at five

Spanish hospitals were included in the study. Baseline

characteristics of the study population are presented in Table 1.

Mean age was 91.5 ranging from 90 to 98 years. The prevalence of

cardiovascular risk factors showed a low prevalence of diabetes,

hypercholesterolaemia and smoking. Only one patient (2.6%) was a

current smoker. The prevalence of other comorbidities was relatively

low: chronic renal disease was present in 10.5%, active neoplasm

in 7.9%, atrial fibrillation in 7.9% and previous stroke in 7.9%. No

patient had a previous diagnosis of chronic obstructive pulmonary

disease, and none of the patients had severe cognitive impairment.

Angiographic findings and procedural results

Angiographic findings and procedure details are shown in Table 2.

Angiographic success was achieved in 90% of PCI. After

revascularisation, final TIMI flow grade I, II and III was 10.3%,

13.8% and 75.9%, respectively.

The mean number of diseased vessels was 1.7, even so single-vessel

disease was found in 44.7% of patients. Only one patient (2.7%) had

absence of significant lesions at epicardial coronary arteries.

Table 1. Baseline demographic and clinical characteristics (n=38).

Age (mean, range) 91.5 (90–98)

Female 57.9%

Hypertension 44.7%

Diabetes 15.8%

Hypercholesterolaemia 15.8%

Smoker or former smoker 13.1%

Previous MI 7.9%

Previous PCI 5.3%

Previous CABG 2.6%

Killip class at admission

Killip I 60.5%

Killip II 23.7%

Killip III 5.3%

Killip IV 10.5%

Left ventricular ejection fraction 43.5 (11.1)
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Culprit lesion was situated in proximal, medial and distal segments

in 58.3%, 33.3% and 8.3%, respectively. The mean number of

treated vessels at index procedure was 1.1; using a mean of 1.32

stents implanted per patient, most of them (83.8%) bare metal

stents. Only three patients (7.9%) received glycoprotein IIb/IIIa

inhibitors, all of them abciximab.

Clinical outcomes

In-hospital outcomes are presented in Table 3. Remarkably, there

were neither recurrent infarction, nor new target vessel

revascularisation, nor stroke. Incidence of major bleeding was 5.4%

(two patients with severe bleeding related with the puncture site,

both receiving IIb/IIIa inhibitors), and 16.2% of patients suffered

from acute renal failure. Four patients (10.5%) underwent a second

PCI to treat a non-culprit vessel during the admission.

Overall in-hospital mortality was 34.2%. Higher mortality was found

in those patients who had major bleeding (100% vs. 31.4%), final

TIMI flow grade <3 (71.4% vs. 22.7%), and Killip class >I at

admission (53.3% vs. 21.7%).

We found a positive linear relation between in-hospital mortality and

final TIMI flow grade (mortality associated with final TIMI flow grade

I, II and III was 66.7%, 75% and 22.7%, respectively); as well as

between in-hospital mortality and Killip class at admission (mortality

was 21.7%, 44.4%, 50.0%, and 75.0% in patients in Killip class I,

II, III, and IV, respectively). 

Discussion
Despite previous data on the high rate of complications and failed

PCI, in our series we achieved a high angiographic success rate

(90%) and a high rate of final TIMI III flow grade (76%). These data

show that primary PCI is technically feasible in nonagenarian patients,

offering good angiographic results and a high rate of successful

recanalisation of the infarct-related artery. The clinical benefit of

primary PCI in elderly patients in comparison with thrombolytic

therapy has been explained by a higher successful recanalisation of

the infarct-vessel, a dramatic reduction of intracranial bleeding, and a

reduction in the risk of mechanical complications13,14.

Although elderly patients have a high rate of in-hospital major

complications6-9, in the present series we observed acceptable rates

of major bleeding (5.4%) and acute renal failure (16.2%). The

relatively low incidence of bleeding complications may be related

with the low rate of IIb/IIIa inhibitor administration in this series.

Probably, physicians involved in the procedures were concerned

about the bleeding complications related with this type of drugs.

There were no re-infarctions, strokes, or new revascularisations of

the target vessel during hospitalisation. The prevalence of multi-

vessel disease (55%) was similar to other series of patients treated

with primary angioplasty15. The strategy of only culprit vessel

revascularisation in most patients may have played a role in

minimising interventional and in-hospital complications.

In-hospital mortality of nonagenarian patients with STEMI treated

with primary PCI was 34%. Although this mortality rate is high, it

may be considered acceptable, considering the high-risk profile of

the study population6,9,16. Patients in Killip class I at admission, and

those with final TIMI III flow had a good rate of survival (77% and

78%, respectively). 

Current percutaneous coronary intervention (PCI) guidelines advise

that age alone should not disqualify a patient for PCI17,18, although

controversy still remains in the setting of cardiogenic shock19.

Information from current registries demonstrate a significant

survival benefit for elderly patients clinically selected for PCI20,21.

However, their higher incidence of comorbidities and risk for

bleeding complications should be taken into account when

considering the need for PCI16. The low prevalence of severe

comorbidities in our multi-centre registry (chronic renal disease

10%, neoplasms 8%, previous stroke 8%) reflects that patients

referred for PCI were selected, and probably some nonagenarian

patients with ST-segment elevation and severe non-cardiac

diseases were managed conservatively in these centres and

therefore were not included in this study.

Study limitations
Our study has several limitations. First of all it is indeed a small

series, but is the longest published series hitherto of primary PCI in

nonagenarians patients. Due to the relatively low number of patients

included, we were not allowed to perform any univariate or

multivariate statistical analyses that could have added interest to the

Table 2. Angiographic findings and procedure information (n=38).

Hours from onset of symptoms 4.9 (2.9)

Localisation of STEMI:

Anterior 57.9%

Inferior 34.2%

Lateral 7.9%

Number of vessels with significant lesions 1.8 (0.9)

Multivessel disease 55.3%

Treated vessels 1.1 (0.5)

Treated (culprit) vessel:

Left anterior descending 54.1%

Right coronary 35.1%

Left circumflex 5.4%

Left main 2.7%

Vein graft 2.7%

Stents implanted 1.32 (0.6)

Bare metal stents 83.8%

Final TIMI flow:

1 10.3%

2 13.8%

3 75.9%

Angiographic success 90%

Table 3. In-hospital outcome events (n=38)

Death 34.2%

Recurrent MI 0%

Target vessel revascularisation 0%

Stroke 0%

Acute renal failure 16.2%

Major bleeding 5.4%

Any in-hospital event 42.1%
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study. Besides, the patients who underwent primary PCI were

certainly a selected population, since patients with several

comorbidities and/or bad cognitive or physical condition probably

received more conservative treatment. Last, there is no control

group with patients treated with thrombolysis; but even trials

focused in the treatment of STEMI in the elderly included a very low

number of nonagenarian patients.

Conclusions
Nonagenarian patients with ST-segment elevation acute myocardial

infarction can be treated with primary percutaneous coronary

intervention. This reperfusion strategy offers a high rate of

successful recanalisation of the infarct-related artery, with low

incidence of procedural complications. Mortality was high in the

overall population, but it was relatively low in patients without heart

failure at admission.

References

1. Gunby P. Cardiovascular diseases remain nation's leading cause of

death. JAMA 1992;267:335-6.

2. Jackson JA. Cause of death in very old people. JAMA

1983;249:2637.

3. Bild DE, Fitzpatrick A, Fried LP, Wong ND, Haan MN, Lyles M,

Bovill E, Polak JF, Schulz R. Age-related trends in cardiovascular morbid-

ity and physical functioning in the elderly: the Cardiovascular Health

Study. J Am Geriatr Soc 1993;41:1047-56.

4. Alexander KP, Newby LK, Armstrong PW, Cannon CP, Gibler WB,

Rich MW, Van de Werf F, White HD, Weaver WD, Naylor MD, Gore JM,

Krumholz HM, Ohman EM. Acute coronary care in the elderly, part II: ST-

segment-elevation myocardial infarction: a scientific statement for health-

care professionals from the American Heart Association Council on

Clinical Cardiology: in collaboration with the Society of Geriatric Cardiology.

Circulation 2007;115:2570-89.

5. Antman EM, Hand M, Armstrong PW, Bates ER, Green LA,

Halasyamani LK, Hochman JS, Krumholz HM, Lamas GA, Mullany CJ,

Pearle DL, Sloan MA, Smith SC, Jr., Anbe DT, Kushner FG, Ornato JP,

Jacobs AK, Adams CD, Anderson JL, Buller CE, Creager MA, Ettinger SM,

Halperin JL, Hunt SA, Lytle BW, Nishimura R, Page RL, Riegel B,

Tarkington LG, Yancy CW. 2007 Focused Update of the ACC/AHA 2004

Guidelines for the Management of Patients With ST-Elevation Myocardial

Infarction: a report of the American College of Cardiology/American Heart

Association Task Force on Practice Guidelines: developed in collaboration

With the Canadian Cardiovascular Society endorsed by the American

Academy of Family Physicians: 2007 Writing Group to Review New

Evidence and Update the ACC/AHA 2004 Guidelines for the Management

of Patients With ST-Elevation Myocardial Infarction, Writing on Behalf of

the 2004 Writing Committee. Circulation 2008;117:296-329.

6. Wennberg DE, Makenka DJ, Sengupta A, Lucas FL, Vaitkus PT,

Quinton H, O'Rourke D, Robb JF, Kellett MA, Jr., Shubrooks SJ, Jr.,

Bradley WA, Hearne MJ, Lee PV, O'Connor GT. Percutaneous translumi-

nal coronary angioplasty in the elderly: epidemiology, clinical risk factors,

and in-hospital outcomes. The Northern New England Cardiovascular

Disease Study Group. Am Heart J 1999;137:639-45.

7. Assali AR, Moustapha A, Sdringola S, Salloum J, Awadalla H,

Saikia S, Ghani M, Hale S, Schroth G, Rosales O, Anderson HV, Smalling RW.

The dilemma of success: percutaneous coronary interventions in patients

> or = 75 years of age-successful but associated with higher vascular

complications and cardiac mortality. Catheter Cardiovasc Interv

2003;59:195-9.

8. Moreno R, Salazar A, Banuelos C, Hernandez R, Alfonso F,

Sabate M, Escaned J, Perez MJ, Azcona L, Macaya C. Effectiveness of

percutaneous coronary interventions in nonagenarians. Am J Cardiol

2004;94:1058-60.

9. Klein LW, Block P, Brindis RG, McKay CR, McCallister BD, Wolk M,

Weintraub W. Percutaneous coronary interventions in octogenarians in the

American College of Cardiology-National Cardiovascular Data Registry:

development of a nomogram predictive of in-hospital mortality. J Am Coll

Cardiol 2002;40:394-402.

10. Holmes DR, Jr., White HD, Pieper KS, Ellis SG, Califf RM, Topol EJ.

Effect of age on outcome with primary angioplasty versus thrombolysis.

J Am Coll Cardiol 1999;33:412-9.

11. Berger AK, Radford MJ, Wang Y, Krumholz HM. Thrombolytic ther-

apy in older patients. J Am Coll Cardiol 2000;36:366-74.

12. Mehta RH, Harjai KJ, Cox D, Stone GW, Brodie B, Boura J,

O'Neill W, Grines CL. Clinical and angiographic correlates and outcomes

of suboptimal coronary flow in patients with acute myocardial infarction

undergoing primary percutaneous coronary intervention. J Am Coll Cardiol

2003;42:1739-46.

13. de Boer MJ, Ottervanger JP, van´t Hof AWJ, Hoornethe A,

Suryapranata H, Zijlstra F, on behalf of the Zwolle Myocardial Infarction

Study Group. Reperfusion therapy in elderly patients with acute myocar-

dial infarction. A randomized comparison of primary angioplasty and

thrombolytic therapy. J Am Coll Cardiol 2002;39:1723-8.

14. Moreno R, López-Sendón J, García E, Pérez de Isla L, López de Sá E,

Ortega A, Moreno M, Rubio R, Soriano J, Abeytua M, García-Fernández MA.

Primary angioplasty reduces the risk of left ventricular free wall rupture

compared with thrombolysis in patients with acute myocardial infarction.

J Am Coll Cardiol. 2002;39:598-603.

15. Moreno R, Garcia E, Elizaga J, Abeytua M, Soriano J, Botas J,

Lopez-Sendon JL, Delcan JL. Results of primary angioplasty in patients

with multi-vessel disease. Rev Esp Cardiol 1998;51:547-555.

16. Batchelor WB, Anstrom KJ, Muhlbaier LH, Grosswald R,

Weintraub WS, O'Neill WW, Peterson ED. Contemporary outcome trends

in the elderly undergoing percutaneous coronary interventions: results in

7,472 octogenarians. National Cardiovascular Network Collaboration.

J Am Coll Cardiol 2000;36:723-30.

17. Smith SC, Jr., Feldman TE, Hirshfeld JW, Jr., Jacobs AK, Kern MJ,

King SB, 3rd, Morrison DA, O'Neil WW, Schaff HV, Whitlow PL, Williams DO,

Antman EM, Adams CD, Anderson JL, Faxon DP, Fuster V, Halperin JL,

Hiratzka LF, Hunt SA, Nishimura R, Ornato JP, Page RL, Riegel B.

ACC/AHA/SCAI 2005 guideline update for percutaneous coronary inter-

vention: a report of the American College of Cardiology/American Heart

Association Task Force on Practice Guidelines (ACC/AHA/SCAI Writing

Committee to Update 2001 Guidelines for Percutaneous Coronary

Intervention). Circulation 2006;113:e166-286.

18. King SB, 3rd, Smith SC, Jr., Hirshfeld JW, Jr., Jacobs AK,

Morrison DA, Williams DO, Feldman TE, Kern MJ, O'Neill WW, Schaff HV,

Whitlow PL, Adams CD, Anderson JL, Buller CE, Creager MA, Ettinger SM,

Halperin JL, Hunt SA, Krumholz HM, Kushner FG, Lytle BW, Nishimura R,

Page RL, Riegel B, Tarkington LG, Yancy CW. 2007 Focused Update of

the ACC/AHA/SCAI 2005 Guideline Update for Percutaneous Coronary

Intervention: a report of the American College of Cardiology/American

Heart Association Task Force on Practice Guidelines: 2007 Writing Group

to Review New Evidence and Update the ACC/AHA/SCAI 2005 Guideline

188_20091204_03_Salinas_OK_AOPfebruary  31/03/11  17:53  Page1083



- 1084 -

Primary angioplasty in nonagenarians

Update for Percutaneous Coronary Intervention, Writing on Behalf of the

2005 Writing Committee. Circulation 2008;117:261-95.

19. Hochman JS, Sleeper LA, Webb JG, Sanborn TA, White HD, Talley JD,

Buller CE, Jacobs AK, Slater JN, Col J, McKinlay SM, LeJemtel TH. Early

revascularization in acute myocardial infarction complicated by cardio-

genic shock. SHOCK Investigators. Should We Emergently Revascularize

Occluded Coronaries for Cardiogenic Shock. N Engl J Med

1999;341:625-34.

20. Dauerman HL, Ryan TJ, Jr., Piper WD, Kellett MA, Shubrooks SJ,

Robb JF, Hearne MJ, Watkins MW, Hettleman BD, Silver MT, Niles NW,

Malenka DJ. Outcomes of percutaneous coronary intervention among eld-

erly patients in cardiogenic shock: a multicenter, decade-long experience.

J Invasive Cardiol 2003;15:380-4.

21. Dzavik V, Sleeper LA, Picard MH, Sanborn TA, Lowe AM, Gin K,

Saucedo J, Webb JG, Menon V, Slater JN, Hochman JS. Outcome of

patients aged >or=75 years in the SHould we emergently revascularize

Occluded Coronaries in cardiogenic shocK (SHOCK) trial: do elderly

patients with acute myocardial infarction complicated by cardiogenic

shock respond differently to emergent revascularization? Am Heart J

2005;149:1128-34.

188_20091204_03_Salinas_OK_AOPfebruary  31/03/11  17:53  Page1084


