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Introduction

Quality indicators (QIs) play a central role in the evalu-
ation of healthcare provided in hospitals [1]. Since the 
introduction of the diagnosis-related group (DRG) 
class ification system (SwissDRG in Switzerland), gov-
ernmental agencies and health insurers, as well as the 
press, increasingly focus on QIs in order to assess, com-
pare and comment on the cost-effectiveness and stand-
ard of care provided by healthcare providers. In 
 Switzerland, the performance of care providers is 
 assessed and compared using a catalogue called Swiss 
Inpatient Quality Indicators (CH-IQI) [2]. In most cen-
tres of care, these data are acquired routinely and on 
an automated basis in order to maintain a cost-effec-
tive way of evaluation. The results are published every 
year for the public. 
Crude in-hospital mortality, adjusted by age and gen-
der, and in certain cases the Charlson comorbidity 
 index are currently used to assess quality of care in 
acute myocardial infarction (AMI) [3–5]. Unfortunately, 
this approach has multiple shortcomings: for example,  
the local case mix for certain diseases can vary widely  
between centres of care, either because of their 
 regional status as a central hub for interventional and 
intensive care, or because of the quality of life in a cer-
tain region [6]. Therefore, for acute diseases including 
AMI, risk adjustment solely based on gender and age 
seems incomplete, as variables including vital signs at 
presen tation outperform by far age and gender in the 
predic tion of in-hospital death [7–9]. Appropriate risk 
adjust ment for these variables would seem mandatory, 
but has until now not been implemented.
Our aim was to explore the feasibility of a novel 
 approach that uses the Global Registry of Acute Coro-
nary Events (GRACE) risk score, an internationally vali-
dated [10–12] and accepted [13, 14] tool for risk adjust-
ment and estimation of in-hospital mortality, as a QI 
for treatment of AMI.

Summary

Introduction: Crude mortality is commonly used as a quality indicator (QI) 

for the treatment of acute myocardial infarction (AMI), but has important 

limitations including its dependence on the local case-mix. We aimed to 

explore the feasibility of a novel approach using risk adjustment according 

to the Global Registry of Acute Coronary Events (GRACE).

Methods: In 1471 consecutive patients admitted with AMI to a Swiss uni-

versity hospital in 2012 and 2013, we quantified working hours needed by 

a trained healthcare professional to complement the available administra-

tive dataset by detailed medical review of all available medical records to: 

1) differentiate the subtypes of AMI in order to separate type 1 (including 

type 4) AMIs from type 2 and postoperative AMIs (GRACE is only validated 

for type 1 AMI); 2) add all medical variables required to calculate the 

GRACE score.

Results: Detailed medical review identified 93 additional patients (6.7%) 

with AMI as the main diagnosis, who were missed in the administrative 

 dataset. Complete data for the calculation of the GRACE score could be 

 obtained for 1233 patients (93.8%). In both years, observed crude mortal-

ity was significantly lower than the expected in-hospital mortality using 

the GRACE model (2012 [n = 613]: crude mortality 6.0%, mean GRACE mor-

tality 8.3% [95% CI 7.2–9.4%]; 2013 [n = 620]: crude mortality 5.8%, mean 

GRACE mortality 9.4% [95%CI 8.3–10.6%]). Overall, the number of working 

hours required to retrospectively complement the administrative dataset 

was 1150 hours (575 h per year).

Conclusion: Assessment of risk-adjusted in-hospital mortality in AMI is 

feasible, provides important insights regarding treatment results while 

 improving comparability between hospitals, but is very time-consuming 

if done retrospectively. Prospective documentation of the GRACE score 

within the electronic medical records would help to reduce the effort 

needed to obtain this novel QI. Further multicentre studies are warranted.
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Methods

Study design and patient population
We retrospectively identified all patients aged 18 years 
and above admitted with AMI to the University Hospi-
tal Basel, Switzerland, in 2012 and 2013. The patient 
population was obtained from either the International 
Classification of Diseases (ICD)-coded administrative 
hospital database, or, in order to complement this data-
set, a full-text search of the digital patient files  using 
keywords related to AMI.
For cases derived from the ICD-coded administrative 
database, all patients with primary diagnosis catego-
rised under ICD-10, I21.x (“ST elevation and non-ST eleva-
tion myocardial infarction”) were included. For the full- 
text-based search using the digital patient archive, the 
following keywords were used to identify AMIs: “myo-
cardial infarction”, “STEMI”, “NSTEMI”, “AMI”. A detailed 
medical review of all cases obtained was performed and 
mainly consisted of differentiation by subtype of AMI 
(type 1, type 2, post-interventional or other). This was 
done in order to ensure that the obtained list of cases 
was complete. AMI type 4 (stent thrombosis) was 
 included in this analysis and added to the other AMI 
type 1 patients. The categorisation into type 1 AMI was 
performed according to the universal definition of  
AMI [15]. 
All type 1 AMIs were further categorised into non-ST el-
evation myocardial infarction (NSTEMI) and ST eleva-
tion myocardial infarction (STEMI). Next, the required 
variables for the assessment of the GRACE risk score 
were obtained. Cases with one or more variables un-
documented or unobtainable by retrospective review 
had to be excluded, as the GRACE risk score tool re-
quires all variables for calculation. Table 1 shows the 
baseline characteristics of the patient population.
In addition, we quantified the working hours required 
by a trained healthcare professional to complete the 
medical review and assessment of the GRACE risk 
score, in order to assess the feasibility of this novel 
method. The endpoint of the study was defined as in-
hospital death, according to standards in outcome QI.

Risk adjustment with the GRACE risk score
The GRACE risk score version 1 [10] was used for risk ad-
justment, and consists of the following variables: age, 
systolic blood pressure, heart rate, Killip class, serum 
creatinine level, changes in the ST segment on the 
electro cardiogram (ECG) at admission, elevated cardiac 
troponin (Roche hs-cTnT assay), and cardiac arrest. For 
calculation of the expected percentage of deaths, the 
in-hospital / 6 months method was used. All variables 
were required in order to perform risk adjustment; 

patien t cases with one or more variables missing had 
to be  excluded from the calculation.

Variable data collection 
Variables were either obtained from the electronic 
patien t records or from handwritten case documenta-
tion. Wherever handwritten documentation was not 
available in electronic/scanned form, the hospital 

Table 1: Distribution of GRACE variables in patient population 
(total n = 1233 patients).

Distribution of GRACE variables No. of patients (%)

Age (years)

<30 0 

30–39 15 (1.2)

40–49 124 (10.1)

50–59 231 (18.7)

60–69 264 (21.4)

70–79 285 (23.1)

80–89 258 (20.9)

>89 56 (4.5)

Systolic blood pressure at admission (mm Hg)

<80 36 (2.9)

80–99 129 (10.5)

100–119 255 (20.7)

120–139 349 (28.3)

140–159 275 (11.4)

160–199 172 (13.9)

>199 17 (13.8)

Heart rate at admission (beats per minute)

<50 45 (3.6)

50–69 307 (24.9)

70–89 504 (40.9)

90–109 263 (21.3)

110–149 110 (8.9)

150–199 4 (0.03)

>199 0

Killip class

I 892 (72.3)

II 202 (16.4)

III 72 (5.8)

IV (Cardiogenic shock) 67 (5.4)

Elevated cardiac enzymes (hs-cTnT, pg/l) 1233 (100)

Creatinine level (µmol/l)  

<35 4 (0.03)

35–70 321 (26.0)

71–105 636 (51.6)

106–140 159 (12.9)

141–176 48 (3.9)

177–353 49 (4.0)

>353 16 (1.3)

ST-segment deviation in 
 electrocardiograph

879 (71.3)

Cardiac arrest at admission 93 (7.5)

Stratification according to GRACE calculation. 
hsTnT = high-sensitivity troponin T.
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 archives were searched manually. Age, serum levels of 
creatinine and troponin were available as part of data-
sets and collected by means of an automated method. 
Systolic blood pressure and the variable ‘cardiac arrest 
at admission’ were obtained from handwritten moni-
toring sheets. Heart rate was either obtained from the 
admission ECG or monitoring sheet (whichever was 
timed first). ST-segment changes in the ECG were gath-
ered from case history. For Killip class, the data were 
obtained from the case presentation at admission. 
When not explicitly stated in the case documentation, 
the Killip class [16] was evaluated retrospectively using 
available patient history (clinical examination and 
presentation, radiological findings).

Statistical analysis 
Continuous variables are presented as medians with 
the interquartile range, and categorical variables as 
numbers and percentages.
Firstly, the probability of in-hospital death as calcu-
lated with the GRACE risk score tool was assessed for all 
cases. Next, a mean probability of in-hospital death, 
adjusted using the GRACE risk score, was calculated for 
each year individually, and was compared with the 
crude mortality rate for both years by use of a 95% con-
fidence interval (CI). Significance between actual and 
risk-adjusted (expected) mortality was tested using the 
chi-square test. A p-value <0.05 was considered 
statistic ally significant. All statistical analyses were 
performed using Microsoft Excel 2013 and IBM SPSS for 
Windows version 19.0 (SPSS Inc, Chicago Il).

Results

Patient flow and baseline characteristics 
The ICD-coded administrative hospital database con-
tained 1471 cases with a diagnosis coded under ICD-10, 
I21.x for the years 2012 and 2013 (fig. 1). The full-text 
search using AMI-related keywords returned 1460 re-
sults for the same years. In total, 1314 cases were identi-
fied as having the primary diagnosis of type 1 AMI. 
These consisted of:
a) 1221 (93.3%) cases from the ICD-coded dataset; 250 

cases were excluded from the ICD-10-coded dataset, 
mainly because they were type 2 AMIs, post- or peri-
procedural events, or older events requiring further 
care. 

b) 93 (6.7%) additional cases were identified using the 
full-text search and were miscategorised in the ICD-
10-coded dataset. However, most type 1 cases from 
the full-text search matched those from the ICD-10-
coded database. 

In 1233 cases (93.8%), all variables required for risk ad-
justment using the GRACE risk score were obtainable, 
whereas 81 patients had to be excluded because of one 
or more missing variables.
Table 2 shows the distribution of GRACE scores in our 
patient population. 

Figure 1: Patient population for both years (2012 and 2013). 

GRACE risk score = Global Registry of Acute Coronary Events 

risk score; ICD-coded database = all admitted patients with 

International Classification of Diseases version 10 diagnosis 

I21.x, full text search = all patients from  hospital database 

found using acute myocardial infarction-related keywords.

Table 2: Distribution of GRACE (Global Registry of Coronary Events) score in patient 
population.

Baseline 
characteristic

No. of patients 
(n, %)

Mortality (%, mean) 
Observed

 
Expected*

p-value

Gender 

      Male 885 5.65 8.43 0.0025

      Female 348 6.90 10.02 0.0490

Age (years)

      <50 139 2.16 3.38 0.3623

      50–75 654 4.43 6.68 0.0125

      >75 440 9.55 13.31 0.0174

Type of AMI

      STEMI 605 7.77 10.86 0.0116

      NSTEMI 628 4.30 6.97 0.0079

Underwent PCI

      yes 807 3.47 7.30 0.00003

      no 426 10.80 11.85 0.5471

AMI = acute myocardial infarction; PCI = percutaneous coronary intervention; STEMI/NSTEMI = ST 
elevation / non-ST elevation myocardial infarction. 
* expected mortality calculated using GRACE risk score mortality calculation.  
p-values calculated using chi-square test. Values <0.05 were considered statistically significant. 
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Risk-adjusted mortality for 2012 and 2013
Analogous to the assessment of CH-IQI, which is per-
formed on a yearly basis, the results were stratified by 
year for risk adjustment using the GRACE score. 
For 2012, after excluding patients with insufficient 
available data for risk adjustment (n = 61 [9.5%], of 
which 3  were in-hospital deaths), 613 patients were 
available for risk adjustment using the GRACE risk 
score. Their mean crude mortality was 6.0%, while the 
mean mortality expected after risk adjustment using 
the GRACE score for the same population was at 8.3% 
(95% CI 7.2–9.4%, p = 0.044). The crude mortality for 
2012 was therefore significantly lower than the ex-
pected mortality rate using the GRACE risk score.
For 2013, 620 type 1 AMI cases were eligible for risk ad-
justment, while 20 (3.1%, of which 3 were deaths) were 
excluded owing to one or more missing variables. 
Crude mortality was 5.8%, while the mean expected 
mortality using GRACE risk score was 9.4 (95% CI 8.3–
10.6%, p = 0.003). Therefore, for 2013 also, the crude 
mortality was lower than the expected mortality using 
the GRACE risk score (table 3).

Assessment of working hours required
For all steps required in order to complete the risk 
 adjustment (medical review, complementation of data-
set, obtaining of variables), a total of 1150 working 
hours was required (575 hours per year and 55 minutes 
of work per case). This mostly consisted of (a) medical 
review of the full-text-based results, (b) identification 
of AMI subtype, and (c) the retrospective collection of 
variables which were not electronically available and 
which had to be obtained from the hospital archives. 
Only once all the variables were available, the calcula-

tion of the probability for in-hospital mortality using 
the GRACE risk model could be performed (fig. 1).

Discussion

We explored the feasibility of a novel approach using 
the GRACE risk score as an accurate, internationally 
validated [10–12] and accepted [13, 14] tool for risk ad-
justment of in-hospital mortality as a QI for the treat-
ment of AMI. This concept was developed based on the 
observation that the risk adjustment performed by 
CH-IQI using solely gender and age is rather insuffi-
cient for AMI. 

Data collection 
We report three major findings during data collection.
First, detailed medical review revealed a small, but rel-
evant, discrepancy between the administrative data-
base and the adjudicated cases of AMI. This observa-
tion highlights an important source of error for the 
assessment of the quality of care [17] and is supported 
by a recent report from Groene et al. [18]. 
Second, using GRACE adjusted mortality is feasible, 
with 93.8% of patients having all variables necessary 
for the calculation of the GRACE score available. While 
we consider the IT structure of our University hospital, 
and therefore this rate, representative of large hospi-
tals in Switzerland or Europe, it is important to 
 acknowledge that the rate may be lower in hospitals 
without electronic patient records. 
Third, our retrospective approach for variable collec-
tion required substantial work. It is unlikely that these 
investments will be made by many institutions in the 
current reimbursement system. The high cost of the 

Table 3.

Total Cases identified with AMI type 1 1314

From administrative data only 1221 (93.0%)

From additional full-text search 93 (7.0%)

Data available for risk-adjustment in (%) 1233 (93.8%)

2012 Cases identified with AMI type 1 674

Data available for risk-adjustment in (%) 613 (90.5%)

Crude mortality 6.0%

Expected mortality using risk-adjustment  with GRACE score (%) 8.3% (7.2–9.4%, p* = 0.044)

2013 Cases identified with AMI type 1 640

Data available for risk-adjustment in (%) 620 (96.9%)

Crude mortality 5.8%

Expected mortality using risk-adjustment  with GRACE score (%) 9.4% (8.3–10.6%, p* = 0.003)

AMI = acute myocardial infarction; GRACE score = Global Registry of Acute Coronary Events score.
* Significance between actual (crude) and risk-adjusted mortality was tested using the chi-square test. 
p-values <0.05 were considered statistically significant.
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retrospective approach clearly argues in favour of pro-
spectively documenting all GRACE variables (fig. 2). Al-
though our study cannot exactly quantify the addi-
tional working hours needed to document all required 
variables electronically at admission, we think it is fair 
to hypothesise that their number would be far lower 
than observed in our retrospective approach. As long 
as the hospital reimbursement system and/or the ad-
ministrative database do not distinguish type 1 from 
type 2 AMI, the exact classification of type 1 AMI will 
likely remain burdensome and an additional step.

Risk-adjusted mortality using 
the GRACE method
Risk adjustment using the GRACE score offers several 
advantages in comparison with the currently per-
formed basic risk adjustment, which should improve 
comparability of quality of care across hospitals:
First, risk adjustment using the seven variables fea-
tured in the GRACE risk score is more appropriate than 
a risk adjustment by age and gender alone. The GRACE 
score features seven variables that showed the highest 
odds ratios for in-hospital death in AMI [9], the strong-
est variables for in-hospital death being cardiac arrest 
at admission and ST segment deviation in the ECG. Risk 
adjustment with the GRACE method therefore incor-
porates the case mix and especially varia tions in pres-
entation in the acute scenario. Additional risk adjust-
ment using the Charlson comorbidity index is, in our 
opinion, not sufficient for AMI, as it does not consider 
the vital, cardiac or laboratory para meters of the 
 patient at admission, which will have a far greater 
 impact on outcome and mortality. 
Second, the GRACE risk score is a validated tool for the 
risk adjustment and mortality prediction in AMI  
patients, and recommended as such by the European 
Society of Cardiology [12, 13]. In 2014, the GRACE risk 
score version 2.0 was released, a revised version of the 
original calculator, offering an even more simplified 
and therefore more effective tool as a quality indicator 
[19]. However, at the time of data collection, version 2.0 
had not yet been externally validated, therefore we 
chose to perform the calculations using version 1.0. 
Discharge treatment and door-to-balloon time are 
impor tant additional QIs that also provide direct indi-
cations as to where process refinements should be 
focus ed.

Considerations for clinical use and limitations
As discussed above, a prospective method of data col-
lection for risk adjustment would be advantageous, 
less time-consuming and therefore more cost-effective 
than a retrospective approach. As it relies on clinical 
findings that leave little room for intra-observer vari-
ability and since the calculation is performed with an 
online tool, we find it to be a highly reproducible 
method. For clinical use, electronic and automatic cal-
culation of GRACE scores would be recommended to 
fully optimise the process (fig. 3). Although our own 
electronic datase t does not currently allow such collec-
tion and automat ic calculation of the GRACE score, in-
ternal discussions on implementing such methods 
into the hospital software have been held. 
While further improvements can be made to the 
 approach described in our study, this advanced 

Figure 2: Suggested process for prospective assessment of quality in treatment of AMI 

using the expected mortality after risk-adjustment with GRACE method. 

AMI = acute myocardial infarction; crude mortality = percentage-based in-mortality 

for one year; GRACE mortality = Global Registry of Coronary Events risk-adjusted 

in-hospital mortality.

Figure 3: Availability of GRACE (Global Registry of Coronary 

Events) variables in electronic hospital databases and 

changes in electronic databases for needed for automated 

collection. Digitalisation of patient files allows easy access to 

many of the required variables for calculation of the GRACE 

risk score. Certain variables recquire adaptations to the hos-

pital database that allow digital documentation. Prospective 

collection of all required variables at admission would re-

quire only minimal extra effort.

* Instead of stratification of patients by Killip class, the vari-

able “diuretic usage” can be collected (since GRACE risk 

score version 2.0). AMI = acute myocardial infarction. 
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method will still require additional efforts compared 
with the simplified method used by CH-IQI. 
Performance was better than predicted by the GRACE 
model for both years, as well as all patient groups, and 
percutaneous coronary intervention seemed to be the 
most influential variable. The comparison of predicted 
versus crude mortality allows review of the perform-
ance of a hospital. It is conceivable that, due to the high 
standard of patient care in Switzerland, a small degree 
of overestimation of mortality with the GRACE score 
may occur. The GRACE risk score was developed using a 
multicentre, multinational cohort, and outcomes in-
cluding mortality may vary with the geographical 
 location, especially with differences in clinical practice 
[20, 21]. 
In our university hospital, the standard cardiac 
 troponin assay is the hs-cTnT assay. The GRACE risk 
score was derived and validated using less sensitive 
 assays, which may have further influenced the results. 
As the prognostic accuracy of hs-cTnT is even higher as 
that of less sensitive assays, it seems fair to assume 
that this effect might have been small [13].
In conclusion, assessment of risk-adjusted in-hospital 
mortality in AMI is feasible, provides important in-
sights regarding treatment results and could improve 
comparability between healthcare centres. If done 
retro spectively, it is very time-consuming, relying 
heavily on the quality and availability of the requir ed 
data. Prospective documentation of the GRACE score 
within the electronic medical records would help to 
 reduce substantially the effort needed to obtain this 
novel QI and improve reliability of data. Further studies 
in a multicentre setting are required in order to con-
firm the advantages of using the GRACE score as a qual-
ity indicator and tool for comparison of perform ance.
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