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infarction, mortality, Aims: To determine if female gender is an independent predictor of in-hospital mortality after percutaneous
angioplasty

coronary intervention (PCI) for ST segment elevation myocardial infarction (STEMI). A higher early mortality
rate after STEMI has been reported in women before the widespread use of PClin STEMI. PCl improves the
prognosis of STEMI, however, the effect of PCI in women in this setting is controversial. In a large regional
prospective registry, we examined the in-hospital mortality after PCI for STEMI.

Methods and results: The greater Paris area comprises 11 million inhabitants. Data from all PCls performed
in 41 centres is entered in a mandatory registry. In-hospital mortality is recorded in another hospital-based
database. From 2003 to 2007, 16,760 patients were treated by PCI for STEMI <24 hours; 21.9% were
women. Female patients were significantly older than men, 69.7+14.3 years versus 59.3+13.0 years
(p<0.0001). The rate of diabetes mellitus and cardiogenic shock were significantly higher in women versus
men, respectively 19.0% versus 15.6%, p<0.0001 and 6.7% versus 4.0%, p<0.0001. The success rate
of PCl was significantly lower in women: 94.7% versus 95.9%, p=0.002. In-hospital mortality was
significantly higher in women 9.8 % versus 4.3%, p<0.0001 and the impact of gender on mortality was
significant only after the age of 75. By multivariate analysis, female gender is associated with higher in-
hospital mortality.

Conclusions: After PCl for STEMI, female gender is still an independent predictor of in-hospital mortality.
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Abbreviations

ARH  agence régionale d’hospitalisation

STEMI ST segment elevation myocardial infarction
PCI percutaneous coronary intervention

Ml myocardial infarction

AMI  acute myocardial infarction

OHCA out of hospital cardiac arrest

CK creatine kinase

CABG coronary artery bypass surgery

Introduction

In patients presenting with ST segment elevation myocardial
infarction (STEMI), primary percutaneous coronary intervention (PCI)
has been shown to significantly improve survival?. Rescue and
adjunctive PCl are effective therapies after thrombolytic therapy3*.
Studies of sex differences in mortality after myocardial infarction (MI)
have consistently indicated that women have higher death rates,
especially for short-term follow-ups®. Although different baseline and
procedural characteristics, such as more advanced age, a higher
percentage of diabetics and cardiogenic shock, late presentation and
a lower rate in the use of reperfusion therapy may account for
increased mortality, they are not sufficient to explain the discrepancy
in outcome®®. Furthermore, most of these studies were performed
before the widespread use of PCI for STEMI. Using data from a large
regional prospective registry, we examined in-hospital mortality after
PCI for STEMI in women and men to determine if female gender was
still an independent predictor of in-hospital mortality.

Methods

The CARDIO-ARHIF (Agence Régionale d'Hospitalisation d'lle de
France) registry was set up in 2001 by a government agency to
monitor coronary diagnostic and therapeutic procedures performed
in the greater Paris area’. This region comprises 11 million
inhabitants and accounts for 18% of the French population. A total
of 41 hospitals with facilities for both coronary angiography and
angioplasty are implanted in this area. According to French
guidelines, primary PCI is the preferred therapeutic option if
transportation time to a catheterisation laboratory is less than
45 minutes. If transportation time is longer, pre-hospital
thrombolytic therapy is administered and the patient brought to an
institution with a catheterisation laboratory. A coronary angiogram is
recommended, either at admission in case of failed thrombolysis or
within 24 hours®.

Each procedure is entered in a computer database by the physician
who performed the procedure. Variables entered include: patient
demographics (age, sex), diabetes, preprocedural clinical status
(silent, stable or unstable angina, pre-operative assessment for
cardiac valvular surgery, acute myocardial infarction [AMI],
cardiogenic shock, out-of-hospital cardiac arrest [OHCA] as well as
other reasons), indications of the procedure (documented
ischaemia in patients with silent or stable ischaemia, ST- or T-wave
changes, creatine kinase [CK] and/or troponin elevation if unstable
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angina, myocardial infarction, or OHCA), procedural information
(number of lesions dilated, amount of stents implanted),
occurrence of pre- and postprocedural complications (AMI, repeat
PCl , emergency coronary artery bypass grafting [CABG], stroke,
vascular complications requiring surgery, renal failure requiring
dialysis, blood transfusion, death). Internal audits on 10% of cases
were performed twice a year in each centre. In addition, an
independent external random audit of 3% of the files was held every
six months in order to ensure completeness and reliability of the
data. Clinical status at discharge (dead or alive) was also recorded
in another hospital-based database (PMSI database). A cross check
was performed using this database to validate the deaths recorded
in the CARDIO-ARHIF database.

Outcomes of interest

The aim of this study was to examine the relationship between
gender and in-hospital outcome in STEMI treated by PCI within
24 hours of onset of chest pain. Data was available from 2003 to
2007. These procedures were identified in the database by
screening the reasons for performing the procedure and identifying
patients with the following:

—STEMI of less than 12 hours of duration or STEMI of more than 12,
but less than 24 hours of duration if the operator considered emergency
PCI necessary because of continuous ischaemia or complications;

— cardiogenic shock.

Patients with resuscitated OHCA were not included. STEMI is
defined as a prolonged, continuous (lasting at least 20 min) chest
pain despite administration of nitrates, and either ST-segment
elevation >1 mm in standard leads or >2 mm in two or more
contiguous precordial leads or new or presumably new left bundle
branch block. Cardiogenic shock was defined, at admission, as a
systolic blood pressure <90 mmHg for at least 30 minutes, or if
intravenous inotropes were needed to maintain a systolic blood
pressure over 90 mmHg, with end-organ hypoperfusion.

The in-hospital overall mortality rate was chosen as the primary
endpoint. The secondary endpoint was the rate of in-hospital
complications defined as the occurrence of one or more of the
following adverse events during hospital stay: death, new or
recurrent myocardial infarction, re-PCl, emergency coronary artery
bypass grafting (CABG), stroke, renal failure requiring dialysis,
vascular access complication requiring surgery, and/or blood
transfusion. A new myocardial infarction is defined as a clinical
event and/or electrocardiographic changes associated with CK rise
greater than or equal to three times the upper limit of the normal
value. Re-infarction is defined as the occurrence of clinical
symptoms and/or development of new electrocardiographic
changes associated with a new elevation of CK enzyme levels. The
level of CK rise depended on the interval from the index AMI: within
48 hours the new CK level was at least twice the previous value;
after 48 hours at least three times the upper limit of the normal
value. In all cases, angiographic visualisation of the coronary artery
reocclusion was recommended.

In-hospital death was defined as death due to any cause during the
hospital stay. The exact cause of death was not registered. Deaths
reported during the in-hospital stay also included those occurring



after transfer to another medical institution. Clinical success was
defined as at least one lesion treated successfully with a residual
stenosis of less than 50% and with no in-hospital complication.
The study was designed and conducted by the authors and funded
by the Agence Régionale d’lle-de-France (ARHIF), which is a French
government agency. The study was approved by the Commission
Nationale D’Informatique et des Libertés (CNIL), a French
government agency which supervises and approves registries.

Statistical analysis

Descriptive statistics were summarised as means for continuous
variables and percentages for categorical variables. Men and
women’s data were compared using the X? test or Fisher exact test
for categorical variables and Student's t test for continuous
variables. We assessed if gender was an independent risk of in-
hospital mortality by performing a multivariate logistic regression
adjusted for age, diabetes, cardiogenic shock, lesion and PCI
procedural characteristics. Interactions were tested. Statistical
analysis was performed using SAS statistical software version
9.1 (SAS Institute Inc., Cary, NC, USA). A p-value <0.05 was
considered as statistical significant. Tests were two-sided.

Results

From 2003 to 2007, 16,760 patients with STEMI within 24 hours
after onset of chest pain who underwent a coronary angiogram on
the first day were identified in our database (3,664 [21.9%] women
and 13,096 [78.1%] men). Clinical data and reperfusion strategy

Table 1. Clinical and angiographic data.

are displayed in Table 1. Clinical predictors of worse clinical
outcome such as old age, diabetes mellitus or cardiogenic shock
were significantly higher in women. Thrombolytic therapy was
significantly less often administered in women. Reperfusion strategy
was: primary PCl in 82.6% of men and 88.9% of women,
successful thrombolysis in 9.8% of men and 6.4% of women,
rescue angioplasty in 7.5% of men and 4.7% of women. There was
no significant difference with respect to the extent of coronary
disease and presence of left main disease in women versus men.
PCI data is displayed in Table 2. The number of treated lesions was
similar in women and in men as was the use of BMS or DES.
However, the success rate of PCI was significantly different, 94.7%
in women versus 95.7% in men, p=0.002.

A worse in-hospital outcome in women was noted with a higher
mortality rate: 9.8% versus 4.3%, (chi-square test p <0.0001)
(Table 3). In patients treated with thrombolysis, mortality was 3.26%
in men and 7.32% in women (Crude Odds Ration [OR]: 2.34, 95% ClI
[1.50;3.66], p=0.0002 and adjusted OR: 1.38, [0.78;2.42], p=0.3).
In patients who did not receive thrombolysis, mortality was also lower
in men: 4.56% versus 10.09% (Crude OR 2.35 [2.02;2.73],
p<0.0001 and adjusted OR 1.39 [1.15;1.68], p=0.0006).

The rate of transfusion ‘was also significantly higher (1.2% versus
0.4%, chi-square p <0.0001), but no difference was found in the
rate of vascular surgery (0.2% in both groups). There was no
significant difference in the rate of transfusion in patients treated by
thrombolysis versus patient without thrombolysis, 0.39% versus
0.57%, p=0.2. The rate of Gp lIb-llla inhibitors use was 42.64% in

N Men Women p
N=13,096 N=3,664
Clinical factors
Age, years (SD) 16,726 59.3 (13.0) 69.7 (14.3) <0.0001
Diabetes mellitus, n (%) 16,538 2,016 (15.6) 687 (19.0) <0.0001
Cardiogenic shock, n (%) 16,760 522 (4.0) 246 (6.7) <0.0001
Thrombolysis
No thrombolysis, n (%) 16,280 10,496 (82.6) 3,177 (88.9) <0.0001
Successful thrombolysis, n (%) 1,254 (9.8) 228 (6.4)
Failed thrombolysis, n (%) 956 (7.5) 169 (4.7)
Coronary artery disease extension
Coronary lesions <50% 16,749 331 (2.5) 96 (2.6) 0.8
One vessel disease (%) 5,627 (43.0) 1,599 (43.7)
Two vessel disease (%) 4,081 (31.2) 1,111 (30.3)
Three vessel disease (%) 3,049 (23.3) 855 (23.3)
Left main stenosis (%) 421 (3.2) 136 (3.7) 0.1
N indicates the number of patients with the data for each item
Table 2. Percutaneous coronary intervention data.
PCI N Men Women p
N=13,096 N=3,664
No treated lesions mean+SD 16,328 1.28 (0.60) 1.30 (0.61) 0.4
No treated lesions with success mean+SD 16,361 1.23 (0.63) 1.23 (0.65) 0.9
Primary success % 16,326 95.9 94.7 0.002
No of BMS/patient mean+SD 16,375 1.15 (0.84) 1.14 (0.85) 0.9
No of DES/patient mean+SD 15,948 0.15 (0.47) 0.14 (0.46) 0.06
PCI of SVG, n (%) 16,584 132 (1.0) 28 (0.8) 0.2

SD: standard deviation; BMS: bare metal stent; SVG: saphenous vein graft; PCI: percutaneous coronary intervention; DES: drug-eluting stent
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Female gender and mortality after STEMI PCI

Table 3. In-hospital complications.

PCI N Men Women p
N=13,096 N=3,664
Transfusion 16,514 0.4 (45) 1.2 (42) <0.0001
Vascular surgery 16,514 0.2 (16) 0.2 (7) 0.3
Cardiac surgery 16,514 20 (0.15) 9 (0.25) 0.2
Re-infarction 15,680 111 (0.91) 23 (0.67) 0.2
Dialysis 16,514 12 (0.09) 1 (0.03) 0.3
Stroke 16,514 25 (0.19) 18 (0.50) 0.015

men versus 38.18% in women (p<0.0001), and thrombolysis was
17.39% in men versus 11.11% in men (p<0.0001).

The difference in mortality between men and women was highly
significant in patients aged more than 75 years: 16.1% in women
versus 12.0% in men, p<0.0005. In patients aged less than
75 years of age, the mortality rate was lower in men than in women,
but this difference did not reach statistical significance (Figure 1).
0Odds ratios (OR) for in-hospital mortality of women versus men by
age intervals 20-55, 55-65, 65-75 and >75: 1.4 (0.82; 2.39), 1.52
(0.97; 2.39), 1.13 (0.82; 1.56), 1.41 (1.16; 1.72). There was no
interaction between age intervals and gender. The OR for mortality
of female STEMI patients who underwent PCI after only adjusting for
age per year was 1.26 (1.07; 1.47).

275 ] -
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Figure 1. In-hospital mortality: unadjusted odds ratio of women versus
men by age decade.

Multivariate analysis of in-hospital mortality is presented in Table 4.
Predictors of in-hospital mortality were female gender, age intervals,
diabetes mellitus, cardiogenic shock, coronary angioplasty failure,
left main disease and failed thrombolytic therapy. The most powerful

Table 4. Multivariate analysis for in hospital mortality.

OR [1C] p
Female gender Women vs Men 1.38  [1.16-1.63]  0.0002
Age <55 1 - <0.0001
[55-65] 1.64  [1.24-2.16]
[65-75] 2.88  [2.21-3.75]
>75 6.49  [5.08-8.30]
Diabetes mellitus Yes vs. No 1.36  [1.13-1.63] 0.001

Cardiogenic shock Yes vs. No 20.67 [17.23-24.80] <0.0001
Left main Yes vs. No 2.06  [1.56-2.71] <0.0001
CAD >50% One vessel disease vs. <50%  0.64  [0.39-1.03]  0.002
Two vessel disease vs. <50%  0.80  [0.50-1.28]
Three vessel disease vs. <50% 0.93  [0.58-1.49]

PCI: percutaneous coronary intervention; CAD: coronary artery disease
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predictor of in hospital mortality was cardiogenic shock with an OR
of 20.67 (17.23-24.80) followed by left main disease 2.06 (1.56-
2.71), diabetes mellitus 1.36 (1.13-1.63), female gender 1.38
(1.16-1.63) and age.

In patients without cardiogenic shock (n=15,602), mortality rate
was 3.5% (n=543) compared to 47.2% (n=358) in patients with
cardiogenic shock (n=758), p<.0001.

Discussion

Using data from a large regional registry, we demonstrated that
female gender is still an independent predictor for in-hospital
mortality after myocardial infarction in the era of PCl for STEMI.
Studies of sex differences in mortality after myocardial infarction (MI)
have consistently indicated that women have higher death rates,
especially for short-term follow-ups®®°. There are a number of
reasons accounting partly for this difference in outcome, namely less
aggressive patient management strategies with a lower frequency of
thrombolysis and PCl, less aggressive medical treatment, and more
comorbidities®. Using data from the NRMI 2 registry, Vaccarino et al
reported a higher use of reperfusion strategies in male patients (23%
versus 16%, p<0.001) and a better in-hospital outcome, with an
11.5% mortality rate compared to 16.7% in women (p<0.001)6.
Milcent et al studied data extracted from a French national health
payment database!®. All hospital admissions in France with a
discharge diagnosis of acute myocardial infarction were extracted
from the database. Women were older (75 versus 63 years of age;
p<0.001) and had a higher rate of hospital mortality (14.8% versus
6.1%; p<0.0001) than men. Percutaneous coronary interventions
were more frequent in men (7.4% versus 4.8%; 24.4% versus
14.2% with stent; p<0.001). Mortality adjusted for age and
comorbidities was higher in women (p<0.001), with an excess
adjusted absolute mortality of 1.95%. Simulation models related
0.46% of this excess to reduced use of procedures. Survival benefit
related to percutaneous coronary intervention was lower among
women. Similar observations were made in the Swiss registry in
which female patients were older, with a higher rate of comorbidities,
and underwent delayed therapeutic management with a lower rate of
coronary angioplasty (odd ratio= 0.65: 0.61-0.69). In-hospital
mortality was higher (10.7% versus 6.3%, p<0.001) even in patients
undergoing primary PCI (4.2% versus 3.0%, p<0.018)'L.
Post-analysis of randomised studies on the use of primary angioplasty
have focused on sex-differences in mortality. In the PRAGUE 1 and 2
trials, the analysis of mortality in the group of patients transferred for
post-thrombolysis PCl revealed a poorer outcome in the female
population’?. Such a difference, which was not observed in patients
undergoing PCl, is partly accounted for by a longer reperfusion delay.
However, randomised studies are selective, and analysis of registry
data is therefore important to assess the impact of PCI for STEMI on
gender differences in clinical practice.

In our study, the rate of primary PCI versus rescue or adjunctive PCI
was high. In France, STEMI is managed by the pre-hospital medical
emergency system with physicians in the ambulances, and
guidelines are available for the management of STEMI in this setting.
Decisions on reperfusion therapy and transportation are therefore
swift and standardised. In the greater Paris area, a large number of



cathlab facilities (41 centres) are available. As a consequence,
angioplasty is the main revascularisation therapy in the majority of
patients with STEMI. Interestingly, the rate of primary PCI versus
rescue or adjunctive PCI was higher in female patients. Differences
in mean age between men and women could account for this
difference, since female patients were older and most certainly
presented with contraindications to thrombolytic therapy. Primary
PCl is more effective than thrombolytic therapy in reducing in-
hospital mortality in STEMI'?. Yet, despite the implementation of a
pre-hospital management and triage for AMI, and the higher rate of
use of primary PCl in women, in-hospital mortality was higher in
female patients.

Age has been clearly shown to be a major predictive factor for
mortality in STEMI, even if optimal reperfusion strategies are used®.
In our study, a mean age difference of 10 years was noted.
Epidemiologic data have indicated that women are relatively spared
from coronary heart disease up to the age of 75!3. Although the
reasons for this protection are not entirely clear, oestrogen is
thought to play an important role!*. Women in whom coronary
atherosclerosis develops before the age of 75 may be predisposed
to have particularly aggressive disease, or possibly early onset, or
may have more risk factors for coronary heart disease, which might
override the protective effect of oestrogen. For example, diabetes
has been found to negate the protective effect of female sex against
coronary heart disease and death from cardiovascular disease and
to be a stronger prognostic factor after myocardial infarction in
women than in men!!6, In our study, women were more likely to
have diabetes than their male peers and diabetes was an
independent predictor of in-hospital mortality. However there was
no significant interaction between sex and diabetes.

Cardiogenic shock is another factor which substantially affects the
in-hospital prognosis of myocardial infarction patients especially in
the first few days. In the National Registry of Myocardial
Infarction 2, cardiogenic shock was more frequent in women 6.7%
versus 4.0% which impacted on in-hospital outcome®. In our study,
cardiogenic shock was an independent predictor of death. Some
reports have suggested a lower pre-hospital STEMI mortality in
men. More women are possibly admitted in cardiogenic shock
which may have an impact on prognosis. However, considerable
variations in the rates of pre-hospital deaths have been noted*s.
Consistent with previous findings!’8, we found that older age in
female patients could partially account for the higher mortality rate.
Mortality rates increased according to age groups and became
significant in patients aged more than 75 years of age. In contrast,
using data from the National Registry for Myocardial Infarction,
Vaccarino et al found that women aged less than 75 years of age
had higher rates of death during hospitalisation than men of the
same age. However, the use of perfusion strategy in this registry was
low: the rate of female patients receiving thrombolysis was 16.2%
versus 22.5% in men, with an even lower rate of thrombolysis in
younger women and the rate of primary PCl is not reported®. These
differences in rates of reperfusion most certainly account for the
differences of mortality with our analysis: 16.7% in women and
11.5% in men versus 9.8% in women and 11.5% in men in our
study. Such a difference in mortality rates could also potentially

Clinical research

affect the results of the age range analysis. Vaccarino et al showed
that in recent years, women, particularly younger ones, experienced
larger improvements in in-hospital mortality after MI than men'°.
Our results are similar to previous registry studies performed in
patients treated by primary PCl. Cheng et al compared 30 day
mortality between men and women presenting with an acute
myocardial infarction of less than 12 hours and eligible for primary
angioplasty?°. Mortality was higher in all age ranges except between 65
and 75 years of age. However, excess mortality was greater in patients
older than 75 years (30.6% in women versus 13.2% in men).

In the New York registry including 11,162 men and 2,561 women
(aged less than 50) who underwent initial primary PCI for STEMI,
female gender was found to be an independent predictor of in-
hospital mortality despite comparable PCI success in men and
women?!. In our study, we found a higher rate of success for PClin
men. However, PCI failure was not a predictive factor of mortality.
In our analysis, the rate of vascular complications was low and
similar in both groups. The rate of vascular surgery was higher in
women; however, the numbers are small. In contrast, in the New
York registry, vascular complications were significantly more
frequent in women (0.82% versus 0.24%, p<0.0001). Higher rates
of vascular complications in women have been consistently
observed after PCI, and even coronary angiography in stable
patients?. A higher rate of bleeding complications after primary PCI
for STEMI was also noted by Cheng et al, (7.6% in women vs. 3.5%
in men)®°. Bleeding complications have been associated with higher
mortality rates in studies assessing anticoagulant and antiplatelet
therapies®®?4. In our study, the lower rate of bleeding complications
was probably related to the frequent use of the transradial
approach. Although information on the type of vascular approach
was not entered in the database, registries on PCl in France indicate
that the radial approach is used in more than 50% of cases?®.

Limitations

Partial clinical and angiographic data was entered in the base. This
approach was chosen to facilitate external audits and obtain a high
rate of patients with complete and reliable data, mortality was
obtained from another independent hospital-based source, further
improving the quality of the data. Follow-up was limited to the
hospital stay. Analysis of subgroups in registries is limited by the
observational nature of the analysis. However, the large number of
patients included in our registry limits this potential bias. Finally, our
registry is limited to patients who were catheterised within 24 hours
of an acute myocardial infarction and no data is available on
patients who were not investigated.

In conclusion, a registry based analysis in patients receiving optimal
reperfusion therapy with PCI for STEMI of less than 24 hours
demonstrated that female gender is associated with higher in-hospital
mortality. There is a clear need for further studies to explain this
difference, so that gender inequities in clinical care can be eliminated.
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Parisien, Trappes; Dr Aptecar and Dr Grandcoin, Clinique Les
Fontaines, Melun; Dr Benamer and Dr Deoliveira, Hopital Européen de
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