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Abstract 

The aim of our study was to determine survival after aortic valve replacement (AVR) with or 

without concomitant coronary artery bypass surgery at Oslo University Hospital Ullevål and 

compare this to the general Norwegian population and to the EuroSCORE predicted mortality. 

497 patients with a mean age of 70.4 years were followed for up to 3 years postoperatively. 

Overall, in operated patients above 75 years the 3 years survival rate was 85.4 % versus 79.1 

% in the general population, whereas in patients under 65 years old the 3 years survival rate 

was 94.8 % versus 98.2 % in the general population. In patients subjected to isolated AVR, 

the numbers were 90.0 % versus 79.1 % (< 75 years) and 94.2 % versus 98.2 % (< 65 years). 

There was no significant difference in survival in the middle age group in comparison with 

the general population. The overall survival rate was 96.2 % at 30 days, 94.2 % at one year, 

91.5 % at two years, and 88.2 % at three years. Mortality generally correlated with 

EuroSCORE prediction, but EuroSCORE overestimated mortality by a factor of 1.6. 

Conclusions: Patients in the highest age group (>75 years) exhibited significantly improved 

survival compared to the general population. Patients in the lowest age group (<65 years) 

exhibited significantly lower survival compared to general population. Furthermore, although 

mortality correlated to EuroSCORE also beyond 30 days, it overestimated mortality by 1.6 

times.  

Introduction 

Aortic stenosis is common in the elderly population, and aortic valve replacement (AVR) is 

the second most common open heart operation. In 2007, the number of AVR in Norway was 

1171 [1]. Treatment of high quality is associated with low mortality-rate. EuroSCORE is a 

method of predicting per- and post-operative 30-days mortality after open heart surgery, based 

on information on risk factors and mortality in a cohort of 19030 adult patients undergoing 

cardiac surgery under cardiopulmonary bypass in 128 surgical centers in eight European 

states [2]. On the contrary, the Norwegian Association for Cardiothoracic Surgery, reports a 

lower 30-days mortality after open heart surgery than the predicted EuroSCORE [1].  

The intermediate- and long-term survival of patients undergoing AVR is of great interest also 

when compared to the general Norwegian population. A few studies have analyzed this before 

[3;4], but there might be differences both between countries, and within a country over time. 



 

 

An update of this data might give valuable information to the clinicians deciding whom to get 

an operation or not. 

The aims of the present study were to investigate the short- and intermediate-term survival for 

patients undergoing AVR at Oslo University Hospital Ullevål, and to compare the outcome 

with calculated EuroSCORE. We also wanted to determine if the survival in our patient-

cohort is higher or lower than in the general Norwegian population.  

We have based our study on a consecutive cohort of patients operated at Ullevål from 1st of 

January 2003 till 31st of December 2007. Survival status was retrieved from the National 

Registry and patient data collected from the hospital database. 

Materials and methods 

Six hundred and four patients were operated for AVR with or without coronary artery bypass 

grafting (CABG) in the time period from 1st of January 2003 till 31st of December 2007. 

Patients receiving additional surgery beyond AVR or AVR and CABG were excluded from 

further analysis as were also three patients that could not be identified in the National 

Registry. The remaining 497 patients were included in our study. 288 of the patients 

underwent isolated AVR, and 209 of the patients underwent both AVR and CABG. All 

patients were operated by means of median sternotomy. Prospectively registered data was 

obtained from the hospital database and from patient files. We have defined hypertension as 

clinically recognized and under medical treatment. We defined smoking as smoking until one 

month before operation. 

The survival status as of 31st of December 2008 was assessed through the Norwegian National 

Registry, and the collection of data was carried out at least three months after this date to 

ensure that all deaths of the study patients were included. Death of any cause was the end 

point.  

We divided patients into 3 groups to compare patient-survival to the general population. 

Group I included patients from 0-64 years (n = 128, 100 men), group II included patients from 

65-74 years (n = 141, 87 men), and group III included patients above the age of 75 years (n = 

228, 110 men). 



 

 

Also patients undergoing isolated AVR were divided in the same manner: group I included 

patients below the age of 65 years (n=97, 74 men), group II included patients from 65-74 

years old (n=78, 40 men) and group III included patients above the age of 75 years (n=113, 49 

men).  

The estimated EuroSCORE value of a specific patient indicates the additive percentage risk of 

dying within 30 days of a heart operation. For instance, a EuroSCORE of 3 indicates a three 

percent risk of dying in hospital or death within 30 postoperatively days. We divided our 

patients into groups according to EuroSCORE: EuroSCORE 0-3 (n = 81), EuroSCORE 4-5 (n 

= 96), EuroSCORE 6-7 (n = 176) and EuroSCORE 8 and above (n = 144).  

CK-MB and Troponin-T levels were retrieved from the patient database at Oslo University 

Hospital, Ullevål. Measurement of both CK-MB and Troponin-T serum levels were carried 

out of the Department of Clinical Chemistry as previously described [5]. The measurement of 

CK-MB and Troponin-T was routinely performed pre-operatively and 7 hours, 20 hours and 

44 hours post-operatively. 

Aortic valves used on the patients ranged from 17 mm to 29 mm and the patients were 

grouped into two: Group 1 included patients with valve size 17 and 19, defined as small 

valves. Group 2 included sizes from 21 to 29, defined as big valves. In our study, only 7 men 

received a small valve. Of that reason, we chose to exclude these from further statistical 

analysis. Of 200 women, 68 received a small valve and 132 a big valve.  

Statistical analysis 

Data from continuous variables are presented as mean and standard deviation whereas data 

from binary variables are presented as percentages. The proportional-hazards model was used 

to investigate adjusted and unadjusted associations between background variables and 

mortality. Such analysis are presented as hazard rates (HR) with 95 % confidence intervals 

(CI) [6]. The presented HR, being a continuous variable, may be interpreted as the relative 

increase in mortality when the variable increases one standard deviation. Thus, if HR for 

NYHA classification equals 1.19, this equals an increase in mortality of 19 % when NYHA 

classification increases one standard deviation. For a binary variable, the presented HR 

represents the mortality in the ‘yes’ group divided by the mortality in the ‘no’ group. 

Survival rate after 30 days, and after 1, 2 and 3 years were estimated by the use of Kaplan 

Meier curves. In order to estimate age-, gender- and time period-matched mortality after 1, 2 



 

 

and 3 years in the general population of Norway, data from Statistics Norway were used [7]. 

For each estimate a survival rate with 95 % confidence interval was calculated in order to 

decide whether the survival rate differs significantly from the general population.  

We checked the assumptions of the proportional-hazards model for each model, and found 

these to be adequately met. All our calculations were computed by the use of Statistical 

Package for the Social Sciences (SPSS) version 17.0.0. 

Results 

Patient characteristics 

Baseline characteristics of the patients in our cohort are shown in Table 1. 294 of the patients 

were followed more than 3 years, 389 more than 2 years and 497 more than 1 year. Variables 

predicting mortality in our patient cohort are presented in the table with corresponding HR 

and p-value.  

 



 

 

Short- and intermediate-term survival 

According to age we divided the patient population into three groups (Fig. 1). Survival rate of 

the operated patients were compared to survival rate of the general Norwegian population. 

  

In group I mean age was 54 years. One year survival was 96.9 % (95 % CI = 92.6-99.0), two 

years survival 96.1 % (95 % CI = 91.6-98.6) and three years survival 94.8 % (95 % CI = 89.5-

97.6). Group II had a mean age of 70 years. In group II one year survival was 93.6 % (95 % 

CI = 88.6.-96.8), two years survival 90.7 % (95 % CI = 85.1-94.8) and three years survival 

87.1 % (95 % CI = 80.9-92.0). In group III the patients had a mean age of 80 years. Group III 

had a one year survival of 93.0 % (95 % CI = 89.1-95.8), two years survival of 89.5 % (95 % 

CI = 85.0-93.0) and three years survival of 85.4 % (95 % CI = 80.5-89.7).  

Group I showed a significantly lower survival rate than the general population at one (p = 

0.001), two (p = 0.04) and three years (p = 0.017) postoperatively. Group 3, however, showed 

a significantly improved survival rate compared to the general population three years 



 

 

postoperatively (p = 0.018). We did not find any statistical significant different survival of 

operated patients in group 2 at three years postoperatively. Thirty days survival was 97.7 % in 

group 1, 95.7 % in group 2 and 95.6 % in group 3. Overall survival rate in our cohort was 

96.2 % at 30 days, 94.2 % at one year, 91.5 % at two years, and 88.2 % at three years.  

AVR versus combined AVR and CABG. 

Our study included both patients undergoing AVR exclusively and patients undergoing 

combined AVR and CABG. In the group undergoing AVR only, 30-days survival was 97.9 

%, one year survival 96.5 %, two years survival 95 % and three years survival 91.8 %. In the 

group undergoing both AVR and CABG, 30-days survival was 93.8 %, while one, two, and 

three years survival was 90.9 %, 86.7 % and 83.3 %, respectively. Patients undergoing both 

AVR and CAGB exhibited mortality significantly higher than patients undergoing AVR 

exclusively (RR = 1.84, p = 0.013). When adjusting for age, the difference did not reach 

statistical significance (RR = 1.60, p = 0.06). 

The outcome of the patients undergoing isolated AVR is shown in figure 2. Survival in group 

I was 95.9 % (95 % CI = 90.4-98.7) at one and two years, and 94.2 % (95 % CI = 87.6-97.5) 

at three years postoperatively. Survival in group II was 96.2 % (95 % CI = 89.9-99.0) at one 

year, 94.9 % (95 % CI = 88.1-98.4) at two years and 91.5 % (95 % CI = 83.1-96.0) at three 

years postoperatively. Survival in group III was 97.3 % (95 % CI = 93.0-99.3) at one year, 

94.4 % (95 % CI = 89.3-97.8) at two years and 90.0 % (95 % CI = 83.7-94.8) at three years 

postoperatively. Group I showed a significantly lower survival rate than the general 

population at one, two and three years postoperatively. Group III showed a significantly 

higher survival rate compared to the general population at two and three years 

postoperatively. We could not find any significant difference in survival of operated patients 

in group II at three years postoperatively compared to the general population. 



 

 

 

 

EuroSCORE and mortality 

The EuroSCORE model was originally designed to predict 30 days postoperative mortality. 

However, we have extended the prediction to three years and compared with actual mortality. 

Those with EuroSCORE 0-3 (n = 81) showed a 30-days mortality of 2.5 %, a one year 

mortality of 2.5 %, a two years mortality of 3.8 % and a three years mortality of 6 %. The first 

group was used as reference and HR sat to 1. Patients with EuroSCORE 4-5 (n = 96) showed 

a 30-days mortality of 2.1 %, a one year mortality of 2.1 %, a two years mortality of 6.4 % 

and a three years mortality of 7.7 %. Compared to the first group HR was 1.98 (CI 0.63-6.22, 

p = 0.24). Patients with EuroSCORE 6-7 (n = 176) showed a 30-days mortality of 4.5 %, a 



 

 

one year mortality of 6.8 %, a two years mortality of 10 % and a three years mortality of 16.6 

%. 

 

Compared to the first group HR was 3.46 (CI 1.22-9.8, p = 0.02). Patients with EuroSCORE 8 

and higher (n = 144) showed a 30-days mortality of 4.9 %, a one year mortality of 9 %, a two 

years mortality of 10.6 % and a three years mortality of 11.8 %. When compared to the first 

group, HR was 2.83 (CI 0.97-8.24, p = 0.057). Overall 30 days mortality in all the patients 

was 3.8 % (95 % CI = 2.4-5.8).  

Valve size and mortality 

Among patients receiving a small valve (n = 68), 11.8 % (8 patients) died. Among patients 

receiving a big valve (n = 132), 8.3 % (11 patients) died. The HR for a big valve was 0.72. 

This might indicate that there is 28 % lower risk of dying if a big valve was implanted 

compared to a small one. The difference was, however, not significant (p = 0.48) 



 

 

Discussion 

Our study showed a significantly better survival rate in operated patients older than 75 years 

than in the general population above 75 years. Operated patients younger than 65 years had a 

significantly lower survival rate than the general population. There was no significant 

difference in survival between operated patients and the general population in the group 

between 65 and 75 years. Our cohort showed thirty days mortality of 3.8 %. Thirty days 

mortality predicted by EuroSCORE was 6.2 %.  

We found that age, gender (male), renal failure, creatinine levels preoperatively and 2 days 

postoperatively, and maximum Troponin-T level were all single factors that were associated 

with a higher mortality. Getting a small valve seemed to give a higher mortality rate, but the 

difference between big and small valves were not significant. Our study was designed to 

measure overall survival; therefore we did not discriminate cardiac from non-cardiac death. 

Hwang and co-workers followed 690 patients undergoing AVR over a five years follow-up 

period. They found that the most common deaths were valve-related (43 %), and that 

endocarditis was the most frequent reason. Non-cardiac deaths accounted for 34 % of the 

deceases [8].  

Our study shows that, in our hospital, survival after AVR is equal to or better in patients older 

than 65 years compared to the general population. Several reasons might underlie these 

findings.. Patients that are offered an operation represent a selected group that the deciding 

clinician think is healthy enough for surgery and with no obvious malignancy which is a 

substantial cause of death this patient population. Our cohort also lack patients with other 

severe, chronic illnesses that may lead to an early death. This might explain a part of our 

findings. A Swedish study [9] studied survival in 1658 patients undergoing AVR and 

compared it to the general population. They reported an early mortality (30 days) of 5.9 %. 

Five years survival, not including the early mortality, was 85 %. They also found that the 

oldest patients undergoing AVR had a better survival compared to the general population, 

even though they didn’t reach significant levels. Another Swedish study [10] of 424 patients 

undergoing AVR showed an overall 3 years survival of 92.0 % (compared to ours of 88.2 %), 

but this cohort also had a mean age of more than ten years less than ours. In patients 

undergoing AVR exclusively, there was a significantly better survival rate than in the patients 

that underwent combined AVR-CABG. When adjusted for the higher age in the group 

undergoing combined AVR-CABG, we did not find any statistical significant difference in 



 

 

survival. In accordance, Litmathe and co-workers found that concomitant CABG is not an 

additional risk factor of poor surgical outcome in elderly patients with AVR [11]. 

We found a strong association between EuroSCORE and 30-days mortality. However, the 

EuroSCORE over-estimated short-term mortality by 1.6 times compared to the actual 

mortality in our cohort. The finding that EuroSCORE overestimates mortality has also been 

reported by Wendt and co-workers in two recent studies. One of the studies evaluated the 

accuracy of additive and logistic EuroSCORE for patients undergoing isolated AVR, 

concluding that EuroSCORE overestimates mortality in high-risk patients [12]. The second 

study compared logistic EuroSCORE with Society of Thoracic Surgeons (STS) score and 

Parsonnet score used on high risk patients undergoing isolated AVR [13]. Again their 

conclusion was that EuroSCORE substantially overestimates mortality, whereas the STS 

score is more suitable.  

The underlying reasons of the superior survival of the operated patients compared to both 

EuroSCORE and the general Norwegian population might be multiple. First, the introduction 

of an intermediate ward (‘‘step down’’) between the postoperative unit and the regular ward 

might improve survival. In this ward, the patients have a better surveillance compared to a 

regular ward. Patients are also offered respiratory support by trained personnel when needed. 

Postoperatively, the patients will stay in this ward 2-4 days before being sent to a regular ward 

or to a local hospital.  Secondly, our cohort may differ from that of the Euro-SCORE study. 

Furthermore, the EuroSCORE system does not detect several risk factors for example serious 

aorta and peripheral coronary arteries calcification. Finally, EuroSCORE itself might reduce 

mortality by rendering possible the identification of high risk patients before surgery and may 

also  play a role in improving peroperative strategy and postoperative care. 

Regarding valve size and mortality, we found a tendency to a better survival in patients 

getting a big valve compared to those getting a small although the result did not reach 

significance. In our cohort there were only 7 men and 68 women receiving a small valve. 

Because of the low number of male patients we chose to focus only on the women. The lack 

of statistical significance in our study might be due to the low number of patients. Since other 

studies have shown a worse outcome with small valves. Rabus and co-workers [14] and Sim 

and co-workers [15] show a better outcome for patients with a big valve (not patient-

prosthesis mismatch) . On the other hand, Vicchio and co-workers demonstrated no difference 

in left ventricular mass reduction, quality of life or long-term survival in patients receiving a 



 

 

small sized valve [16]. Rubio and co-workers followed 202 patients up to 25 years, and found 

that AVR with 19 mm valves appeared to provide satisfactory mid-term survival, and that low 

EF and age were risk factors for shorter survival [17]. Urso and co-workers review of 22 

papers shows that there is no evidence that moderate patient-prosthesis mismatch is an 

independent risk factor for 30-day or mid-term mortality for adult patients undergoing AVR, 

except for those with a poor ejection fraction. They also showed that severe mismatch is a 

predictor of overall 30-day or mid-term mortality for patients undergoing AVR independently 

from the presence of poor ejection fraction [18].  

To conclude, our study shows that compared to the general population, three years survival is 

higher in patients older than 75 years, the same in patients from 65-74 years and lower in 

patients younger than 65 years old. Predicted 30-days mortality by EuroSCORE was 6.2 % 

whereas actual mortality was only 3.8 % in our cohort. We did not find any significant 

difference in survival between small and big valves. 
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