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Background-—The influence of moderately reduced kidney function on late survival after surgical aortic valve replacement (AVR) is
unknown. We analyzed survival after AVR in patients with moderately reduced kidney function.

Methods and Results-—All patients who underwent primary AVR in Sweden 1997–2013 were identified from the Swedish Web
system for Enhancement and Development of Evidence-based care in Heart disease Evaluated According to Recommended
Therapies register. Patients were categorized according to estimated glomerular filtration rate (eGFR). Of 13 102 patients, 9836
(75%) had normal kidney function (eGFR >60 mL/min per 1.73 m2) and 3266 (25%) had moderately reduced kidney function
(eGFR 30–60 mL/min per 1.73 m2). Mean follow-up time was 6.2 years. Mortality was higher in patients with moderately
reduced kidney function; 5-, 10-, and 15-year survival was 76%, 48%, and 25% versus 89%, 73%, and 55% (adjusted hazard ratio
[HR], 1.28; 95% CI, 1.18–1.38; P<0.001). Patients with moderately reduced kidney function had a nonsignificantly higher risk of
major bleeding (HR, 1.18; 95% CI, 1.00–1.39; P=0.051) and a lower risk for aortic valve reoperation (HR, 0.54; 95% CI, 0.38–
0.79; P=0.001) compared to those with normal kidney function. In patients with moderately reduced kidney function, survival
was similar in those who received bioprostheses compared to those who received mechanical valves (HR, 0.85; 95% CI, 0.70–
1.03; P=0.094).

Conclusions-—Moderately reduced kidney function was strongly associated with increased mortality after AVR. These results have
important implications for preoperative risk stratification, and suggest that patients with eGFR 30 to 60 mL/min per 1.73 m2

warrant careful observation after AVR.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifier: NCT02276950. ( J Am Heart Assoc. 2016;5:
e004287 doi: 10.1161/JAHA.116.004287)
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C hronic kidney disease (CKD) is a common condition
affecting 7% to 13% of the general population and up to

37% of the population above 70 years of age.1,2 CKD is a
strong risk factor for cardiovascular disease,3 which is the
most frequent cause of death in these patients.4 CKD is also

closely associated with valvular disease, especially aortic
stenosis.5

The incidence of aortic stenosis increases with age, and it is
present in �2% of the population aged over 65 years.6 In
patients with end-stage renal disease (ESRD), prevalence of
aortic stenosis is higher than in the general population, and,
once developed, the disease progresses more rapidly.7 The
standard treatment for aortic stenosis is aortic valve replace-
ment (AVR). Patients with ESRD have a substantially higher risk
of mortality and bleeding after AVR.8,9 Additionally, biopros-
theses degenerate faster in patients with ESRD.9 Moderately
reduced kidney function is muchmore common than ESRD, and
23% to 27% of all patients who undergo cardiac surgery suffer
from moderately reduced renal function.10,11 The impact of
moderately reduced kidney function after coronary artery
bypass grafting (CABG) and transcutaneous aortic valve
implantation has been investigated in several studies.12–14

However, the influence of moderately reduced kidney function
on late survival after isolated surgical AVR is not well known.

We analyzed the prognosis after AVR in patients with
moderately reduced kidney function in a large, nation-wide,
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population-based cohort study. The primary objective of our
study was to analyze all-cause long-term mortality in patients
with moderately reduced kidney function compared to those
with normal kidney function. The secondary outcomemeasures
were early mortality, rate of major bleeding events, and aortic
valve reoperation. Additionally, we compared long-term mor-
tality in patients with moderately reduced kidney function who
received a bioprosthesis versus those who received a mechan-
ical valve prosthesis.

Methods

Study Design
This was an observational, nation-wide, population-based
cohort study. Ethical approval was obtained from the regional
Human Research Ethics Committee, Stockholm, Sweden. No
informed patient consent was required. The Swedish Web
system for Enhancement and Development of Evidence-based
care in Heart disease Evaluated According to Recommended
Therapies (SWEDEHEART) register15,16 was used to identify
patients who underwent AVR. This register contains clinical and
operative information on all patients who have undergone
cardiac surgery in Sweden since 1992. All patients who
underwent AVR in Sweden from January 1, 1997 until December
31, 2013 were included. Exclusion and inclusion criteria are
shown in Figure 1. We categorized patients according to kidney
function. Patients were divided into 2 groups according to a
modified National Kidney Foundation/Kidney Disease Improv-
ing Global Outcomes classification of CKD.17 Patients with
estimated glomerular filtration rate (eGFR) >60 mL/min per
1.73 m2 were classified as the normal kidney function group;
patients with eGFR 30 to 60 mL/min per 1.73 m2, correspond-
ing to CKD stage III, were classified as the moderately reduced
kidney function group.17 Glomerular filtration rate was esti-
mated using the Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) equation18 and the most recent creatinine
value before surgery.

Baseline characteristics and clinical outcomes were
obtained from the SWEDEHEART register, the National Patient
Register (Table 1), the longitudinal integration database for
health insurance and labor market studies (maintained by
Statistics Sweden), and the Cause of Death Register. Each
Swedish citizen has a unique personal identity number,19

which made individual-level record linkage possible. The
formation of the database used in this study was described in
detail previously.20

Outcomes
The primary outcome was all-cause mortality. Secondary
outcomes included early mortality (death within 30 days after

surgery) and the rate of major bleeding events and aortic
valve reoperation. We also investigated all-cause mortality in
patients with moderately reduced kidney function who
received a bioprosthesis compared to those who received a
mechanical valve prosthesis. Vital status and date of death
were obtained from the Cause of Death Register. Information
regarding major bleeding events was acquired from the
corresponding primary diagnosis code in the National Patient
Register (Table 2). Information regarding aortic valve reoper-
ation was acquired from the SWEDEHEART register.

Statistical Analysis
Patient characteristics are presented as means and SDs for
continuous variables and as frequencies and percentages for
categorical variables. For all-cause mortality, person-time in
days was counted from the date of surgery until the date of
death or the end of follow-up (March 24, 2014). Information
regarding major bleeding event and aortic valve reoperation
was available until December 31, 2012 and December 31,
2013, respectively; therefore, person-time in days was counted
from the date of surgery until the date of death, date of major
bleeding (until December 31, 2012), date of aortic valve
reoperation (until December 31, 2013), or end of follow-up
(March 24, 2014), whichever came first. Patients who had
undergone surgery during 2013 were excluded from the
analyses of major bleeding event. Crude incidence rates and
95% CIs were calculated, and the Kaplan–Meier method was
used to calculate cumulative survival. The association between
kidney function and mortality, expressed as hazard ratios
(HRs), was estimated using the Cox proportional hazards
model. In the multivariable analysis, all variables from Table 3
were included, and the model was stratified for hospital and
year of surgery. To estimate the risk of major bleeding event
and aortic valve reoperation, subdistribution hazard ratios
(sHR) and 95% CIs were calculated using competing risk
regression based on the Fine-Gray proportional subhazards
model.21 In the analysis of patients with moderately reduced
kidney function who received a bioprosthesis versus a
mechanical valve prosthesis, logistic regression including all
variables in Table 3 (including hospital) was used to calculate a
propensity score for each patient. Patients with a bioprosthesis
were paired with those with a mechanical valve prosthesis
through a 1:1 nearest neighbor matching, with a caliper width
of 0.2 of the logit of the SD of the propensity score.22 Age and
body mass index were included in the models as restricted
cubic splines, and all other parameters were included as
categorical variables. Data were missing for left ventricular
ejection fraction (24%) and body mass index (7%). Missing data
were handled by multiple imputation by chained equations.23

The missing values were assumed to be missing at random and
the imputation model included all variables in Table 3, the
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event indicator, and the Nelson–Aalen estimator of the
cumulative baseline hazard.24 The imputation was repeated
25 times, and estimates from the imputed data sets were
combined according to Rubin’s rules. Data management and
statistical analyses were performed using Stata (version 14.1;
StataCorp LP, College Station, TX) and R software (version
3.3.0; R Foundation for Statistical Computing, Vienna, Austria).

Results

Study Population
Of 15 004 patients who underwent primary AVR in Sweden
between 1997 and 2013, we excluded 1606 (11%) with
missing creatinine values and 296 (2%) with severe kidney
failure or ESRD (those who had eGFR <30 mL/min per
1.73 m2 or were on dialysis). A total of 13 102 patients were
included in the study. Of these, 9836 (75%) had normal kidney

function and 3266 (25%) had moderately reduced kidney
function. Of the patients with moderately reduced kidney
function, 2582 (79%) received a bioprosthesis and 684 (21%)
received a mechanical valve prosthesis. Baseline character-
istics according to kidney function are shown in Table 3. The
mean age was 64.3 years in the normal kidney function group
and 74.4 years in the moderately reduced kidney function
group. Additive EuroSCORE was 5.4 (SD 2.5) in patients with
normal kidney function and 7.2 (SD 2.5) in those with
moderately reduced kidney function. Patients with moderately
reduced kidney function were more likely to receive a
bioprosthesis, and were also more likely to be female and
have less years of education and more comorbidities.

Survival
During a mean follow-up of 6.2 years (maximum, 17.2) and a
total follow-up time of 81 871 patient-years, 1890 (19%)

Figure 1. Flow chart of study population. AVR indicates aortic valve replacement; CABG, coronary artery
bypass grafting; eGFR, estimated glomerular filtration rate.
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patients in the normal kidney function group died and 1422
(44%) died in the moderately reduced kidney function group.
The 5-, 10-, and 15-year survival was 89% versus 76%, 73%
versus 48%, and 55% versus 25% in patients with moderately
reduced kidney function and normal kidney function, respec-
tively (HR, 2.51; 95% CI, 2.34–2.70; P<0.001). After adjusting
for differences in baseline characteristics, the relative risk of
death was 28% higher in patients with moderately reduced
kidney function compared with those with normal kidney
function (HR, 1.28; 95% CI, 1.18–1.38; P<0.001). The early
mortality rate was 1.23% (121 of 9837) in the normal kidney
function group and 3.52% (115 of 3266) in the moderately
reduced kidney function group (adjusted HR, 1.87; 95% CI,
1.39–2.51; P<0.001). Survival curves are shown in Figure 2,
and event rates and relative risks are shown in Table 4.

Major Bleeding Events
During a mean follow-up of 6.4 years (maximum, 16.0) and a
total follow-up of 78 699 patient-years, a major bleeding
event was recorded in 539 (5.9%) patients in the normal
kidney function group and 260 (8.4%) in the moderately
reduced kidney function group. In the unadjusted analysis,
there was a significantly higher risk of major bleeding in
patients with moderately reduced kidney function (sHR, 1.20;
95% CI, 1.03–1.39; P=0.018). In the multivariable adjusted
analysis, there was a nonsignificant higher risk of major
bleeding event in patients with moderately reduced kidney
function compared to those with normal kidney function (sHR,
1.18; 95% CI, 1.00–1.39; P=0.051). The cumulative incidence
of major bleeding is shown in Figure 3, and event rates and
relative risks according to kidney function and prosthesis type
are shown in Table 5.

Aortic Valve Reoperation
During a mean follow-up of 7.4 years (maximum, 17.2) and a
total follow-up of 96 901 patient-years, aortic valve reopera-
tion was conducted in 265 (2.7%) patients in the normal
kidney function group and 39 (1.2%) in the moderately
reduced kidney function group. There was a significantly
higher risk of reoperation in patients with normal kidney
function compared to those with moderately reduced kidney
function both in the univariable (sHR, 0.38; 95% CI, 0.27–
0.53; P<0.001) and the multivariable adjusted analysis (sHR,
0.54; 95% CI, 0.38–0.79; P=0.001). Cumulative incidence of
aortic valve reoperation is shown in Figure 3, and event rates
and relative risks according to kidney function and prosthesis
type are shown in Table 5.

Bioprostheses Versus Mechanical Valve
Prostheses in Patients With Moderately Reduced
Kidney Function
In 3266 patients with moderately reduced kidney function,
death occurred in 1121 (43%) who received a bioprosthesis
and 301 (44%) who received a mechanical valve prosthesis

Table 1. Definition of Diagnoses/Comorbid Conditions

ICD-9 Codes ICD-10 Codes

Myocardial infarction 410 I21 to I21.9

Stroke 430 to 438 I60 to I69.9

Heart failure 428 I50 to I50.9

Atrial fibrillation 427D I48 to I48.9

Chronic obstructive
pulmonary disease

490 to 496 J44 to J44.9

Hypertension 401 to 405 I10 to I15.9

Hyperlipidemia 272 E78 to E78.9

Peripheral vascular
disease

440 to 446 I65 to I65.9, I71 to
I71.9, I73.8, I73.9

Alcohol abuse 291, 303, 571 F10 to F10.9, K70 to
K70.9

Liver disease 570 to 573 K70 to K77.9

Cancer 140 to 208 C00 to C97.9

Endocarditis 421 I33.0, I33.9, I38.9

Diabetes mellitus 250 E10 to E14.9

Major bleeding
event

285B, 430, 431,
432, 456A, 530H,
531A, 531C, 531E,
531G, 532A, 532C,
532E, 532G, 533A,
533C, 533E, 533G,
534A, 534C, 534E,
534G, 569D, 578

D629, I60, I61, I62,
I850, K226, K250,
K252, K254, K256,
K260, K262, K264,
K266, K270, K272,
K274, K276, K280,
K282, K284, K286,
K290, K625, K920,
K921, K922, I312,
I230, J942, K661,
M250, N421,
N501A, N938,
N939, N950,
R041, R042, R048,
R049, R31

Primary and secondary diagnoses from the National Patient Register from 1987 and
onward. ICD-9 indicates International Classification of Diseases, Ninth Revision; ICD-10,
International Classification of Diseases, Tenth Revision.

Table 2. Definition of Major Bleeding Event

ICD-10 Codes

Major bleeding event D629, I60, I61, I62, I850, K226, K250, K252,
K254, K256, K260, K262, K264, K266, K270,
K272, K274, K276, K280, K282, K284, K286,
K290, K625, K920, K921, K922, I312, I230,
J942, K661, M250, N421, N501A, N938,
N939, N950, R041, R042, R048, R049, R31

Primary diagnosis from the National Patient Register. ICD-10 indicates International
Classification of Diseases, Tenth Revision.
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Table 3. Baseline Characteristics in 13 102 Patients Who Underwent AVR Between 1997 and 2013 According to Kidney Function

All Patients
n=13 102

Normal Kidney Function
n=9836 (75%)

Moderately Reduced Kidney Function
n=3266 (25%)

Age, yr, mean (SD) 66.8 (12.9) 64.3 (13.1) 74.4 (8.5)

Female sex (%) 5222 (39.9) 3441 (35.0) 1781 (54.5)

Civil status (%)

Not married 5251 (40.1) 3956 (40.2) 1295 (39.7)

Education (%)

<10 years 5222 (39.9) 3783 (38.5) 1439 (44.1)

10 to 12 years 5467 (41.7) 4074 (41.4) 1393 (42.7)

>12 years 2413 (18.4) 1979 (20.1) 434 (13.3)

Region of birth (%)

Non-Nordic countries 769 (5.9) 610 (6.2) 159 (4.9)

Body mass index, kg/cm2, mean (SD) 26.7 (4.5) 26.7 (4.5) 26.8 (4.7)

Biological valve prosthesis (%) 8258 (63.0) 5676 (57.7) 2582 (79.1)

Diabetes mellitus (%) 1713 (13.1) 1164 (11.8) 549 (16.8)

Atrial fibrillation (%) 1850 (14.1) 1151 (11.7) 699 (21.4)

Hypertension (%) 3210 (24.5) 2142 (21.8) 1068 (32.7)

Hyperlipidemia (%) 1061 (8.1) 782 (8.0) 279 (8.5)

Stroke (%) 1131 (8.6) 769 (7.8) 362 (11.1)

Peripheral vascular disease (%) 1076 (8.2) 805 (8.2) 271 (8.3)

Chronic pulmonary disease (%) 992 (7.6) 705 (7.2) 287 (8.8)

Past myocardial infarction (%) 906 (6.9) 569 (5.8) 337 (10.3)

Past PCI (%) 515 (3.9) 350 (3.6) 165 (5.1)

Past major bleeding event (%) 620 (4.7) 406 (4.1) 214 (6.6)

Alcohol dependency (%) 272 (2.1) 223 (2.3) 49 (1.5)

Liver disease (%) 115 (0.9) 83 (0.8) 32 (1.0)

Cancer (%) 930 (7.1) 622 (6.3) 308 (9.4)

eGFR, mL/min per 1.73 m2 (%)

>60 9836 (75.1) 9836 (100.0) —

45 to 60 2377 (18.1) — 2377 (72.8)

30 to 45 889 (6.8) — 889 (27.2)

Heart failure (%) 2176 (16.6) 1284 (13.1) 892 (27.3)

Left ventricular ejection fraction (%)

>50 7564 (76.3) 5979 (77.7) 1585 (71.3)

30 to 49 1905 (19.2) 1425 (18.5) 480 (21.6)

<30 449 (4.5) 290 (3.8) 159 (7.1)

Endocarditis (%) 720 (5.5) 565 (5.7) 155 (4.7)

Emergent surgery (%) 215 (1.6) 162 (1.6) 53 (1.6)

Isolated AVR (%) 10 869 (83.0) 7934 (80.7) 2935 (89.9)

Year of surgery (%)

1997 to 2001 2538 (19.4) 1706 (17.3) 832 (25.5)

2002 to 2006 3816 (29.1) 2717 (27.6) 1099 (33.6)

2007 to 2013 6748 (51.5) 5413 (55.0) 1335 (40.9)

Normal kidney function (eGFR >60 mL/min per 1.73 m2) versus moderately reduced kidney function (eGFR 30–60 mL/min per 1.73 m2). Data are n (%), unless otherwise noted. AVR
indicates aortic valve replacement; eGFR, estimated glomerular filtration rate; PCI, percutaneous coronary intervention.
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during a mean follow-up of 6.1 years (maximum, 17.1) and a
total follow-up time of 20 057 patient-years.

In the unadjusted analysis, patients with moderately
reduced kidney function who received a mechanical valve
prosthesis had a better survival rate than those who received
a bioprosthesis (HR, 1.54; 95% CI, 1.35–1.77; P<0.001).
There was a similar risk for all-cause mortality in patients who
received a bioprosthesis compared with a mechanical valve
prosthesis in the multivariable adjusted analysis (HR, 0.86;
95% CI, 0.73–1.01; P=0.064) and in the propensity-score–
matched analysis consisting of 480 patient-pairs (HR, 0.85;
95% CI, 0.70–1.03; P=0.094). All baseline characteristics
were well balanced in the propensity-score–matched cohort
(Table 6). Survival curves for the propensity-score–matched
cohort are shown in Figure 4, and the event rates and relative
risks are shown in Table 7.

Discussion
In this nation-wide, population-based cohort study, the
principal finding was that patients with moderately reduced
kidney function had a significantly lower long-term survival
rate after AVR than those with normal kidney function. There
was a nonsignificantly higher risk for a major bleeding event in
patients with moderately reduced kidney function, whereas
those with normal kidney function had a significantly higher
risk of aortic valve reoperation. In patients with moderately
reduced kidney function, there was a similar survival in those
who received a bioprosthesis compared to those who
received a mechanical valve prosthesis.

Thourani et al10 analyzed the all-cause mortality and
several other factors in 2408 patients after AVR (of which

1502 underwent isolated AVR) with kidney function ranging
from normal to ESRD. They found a respective 5- and 10-year
survival of 65% and 42% in patients with moderate renal
disease (eGFR 30–59 mL/min per 1.73 m2) compared with
79% and 59% in those with mild renal disease (eGFR 60–
90 mL/min per 1.73 m2) and 87% and 74% in those with
normal renal function (eGFR >90 mL/min per 1.73 m2; HR,
1.55; 95% CI, 1.13–2.12).10 However, they included patients
who underwent concomitant CABG.10 This is important
because patients with coronary artery disease often have
general atherosclerosis. The prognosis after isolated AVR may
differ from AVR and concomitant CABG, given that these
patients may have a different pathophysiology behind their
kidney disease than those with isolated aortic valve disease.
Survival in patients with moderate renal disease who under-
went isolated AVR (n=369) was not reported in their study.10

Gibson et al25 analyzed all-cause mortality and 30-day
mortality in 514 patients who underwent AVR and/or mitral
valve surgery, with or without CABG, at their institution
between 2000 and 2004. Patients were categorized into

Figure 2. Unadjusted cumulative survival in patients with
normal kidney function and moderately reduced kidney function
who underwent aortic valve replacement. eGFR indicates esti-
mated glomerular filtration rate.

Figure 3. Unadjusted cumulative incidence of major bleeding
(upper panel) and aortic valve reoperation (lower panel) in
patients with normal kidney function and moderately reduced
kidney function who underwent aortic valve replacement.
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groups according to eGFR (<45, 45–60, 60–75, and >75 mL/
min per 1.73 m2).25 They found that patients with an eGFR
<60 mL/min per 1.73 m2 had an increased risk of death at a
median of 2 years of follow-up.25 These results are consistent
with our findings. However, inclusion of mitral valve surgery,
concomitant CABG, and patients with ESRD makes these
results hard to compare, because these are all patient
categories that are known to have a worse prognosis.26 Also,
their findings are limited by a relatively small sample size and
short follow-up. Other studies in smaller populations and/or
based on creatinine as a measure of kidney function have
shown similar results.26–28 In contrast, Ibanez et al29 inves-
tigated morbidity and 30-day mortality in 403 patients after
aortic valve surgery with or without CABG with preoperative
renal dysfunction (eGFR <60 mL/min per 1.73 m2 excluding

hemodialysis) or normal renal function. They found no
association between preoperative renal dysfunction and early
mortality.29 However, it is difficult to interpret these results
because of the small study population, inclusion of patients
undergoing concomitant CABG, and lack of long-term follow-
up.

Owing to the large study population and long and complete
follow-up in the present study, our results clearly strengthen
the results of previous studies investigating the prognosis
after AVR in patients with moderately reduced kidney
function. We believe that our data can serve well as a
contemporary reference material for clinicians, public health
professionals, and researchers designing trials. Our results
suggest that patients with moderately reduced kidney func-
tion warrant careful observation after AVR in order to optimize

Table 4. Event Rates and Relative Risks for All-Cause Mortality in Patients With Normal Kidney Function (eGFR >60 mL/min per
1.73 m2) and Moderately Reduced Kidney Function (eGFR of 30–60 mL/min per 1.73 m2) Who Underwent AVR in Sweden
Between 1997 and 2013

Normal Kidney Function Moderately Reduced Kidney Function

Events/PY
Crude Rate (95% CI)
per 1000 PY

HR
(95% CI) Events/PY

Crude Rate (95% CI)
per 1000 PY HR (95% CI)

All-cause mortality 1890/61 814 31 (29–32) 1422/20 057 71 (67–75)

Unadjusted 1.00 2.51 (2.34–2.70)

Adjusted for age 1.00 1.38 (1.28–1.49)

Multivariable adjusted model* 1.00 1.28 (1.18–1.38)

AVR indicates aortic valve replacement; eGFR, estimated glomerular filtration rate; HR, hazard ratio; PY, person-years.
*The multivariable model included all variables in Table 3.

Table 5. Event Rates and Relative Risks for Major Bleeding and Aortic Valve Reoperation According to Kidney Function and
Prosthesis Type in Patients With Normal Kidney Function (eGFR >60 mL/min per 1.73 m2) and Moderately Reduced Kidney Function
(eGFR of 30–60 mL/min per 1.73 m2) Who Underwent AVR in Sweden Between 1997 and 2013

Normal Kidney Function Moderately Reduced Kidney Function

Events/No.
of Patients

Crude Rate (95% CI)
per 1000 PY

HR
(95% CI)

Events/No.
of Patients

Crude Rate (95% CI)
per 1000 PY HR (95% CI)

Major bleeding 539/9105 10 (9–10) 260/3100 12 (10–13)

Unadjusted 1.00 1.20 (1.03–1.39)

Multivariable adjusted model* 1.00 1.18 (1.00–1.39)

Bioprosthesis 221/5134 1.00 173/2430 1.22 (0.99–1.52)

Mechanical valve prosthesis 318/3971 1.00 87/670 1.07 (0.82–1.40)

Aortic valve reoperation 265/9836 4 (3–4) 39/3266 1 (1–2)

Unadjusted 1.00 0.38 (0.27–0.53)

Multivariable adjusted model* 1.00 0.54 (0.38–0.79)

Bioprosthesis 155/5676 1.00 23/2582 0.40 (0.25–0.63)

Mechanical valve prosthesis 110/4160 1.00 16/684 1.03 (0.59–1.79)

AVR indicates aortic valve replacement; eGFR, estimated glomerular filtration rate; HR, hazard ratio; PY, person-years.
*The multivariable model included all variables in Table 3.
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Table 6. Baseline Characteristics in 960 Propensity-Score–Matched Patients With Moderately Reduced Kidney Function Who
Underwent AVR Between 1997 and 2013

All Patients
(n=960)

Bioprosthesis
(n=480)

Mechanical Valve
Prosthesis (n=480)

Standardized
Difference, %

Age, y, mean (SD) 69.6 (7.6) 69.3 (7.3) 70.0 (7.8) 8.4

Female sex (%) 503 (52.4) 246 (51.2) 257 (53.5) 4.6

Civil status (%)

Not married 350 (36.5) 165 (34.4) 185 (38.5) 8.7

Education (%)

<10 years 408 (42.5) 207 (43.1) 201 (41.9) 2.5

10 to 12 years 421 (43.9) 211 (44.0) 210 (43.8) 0.4

>12 years 131 (13.6) 62 (12.9) 69 (14.4) 4.2

Region of birth (%)

Non-Nordic countries 53 (5.5) 26 (5.4) 27 (5.6) 0.9

Body mass index, kg/cm2, mean (SD) 26.9 (4.7) 26.9 (4.9) 26.9 (4.5) 0.5

Diabetes mellitus (%) 147 (15.3) 78 (16.2) 69 (14.4) 5.2

Atrial fibrillation (%) 266 (27.7) 142 (29.6) 124 (25.8) 8.4

Hypertension (%) 238 (24.8) 117 (24.4) 121 (25.2) 1.9

Hyperlipidemia (%) 67 (7.0) 30 (6.2) 37 (7.7) 5.7

Stroke (%) 103 (10.7) 56 (11.7) 47 (9.8) 6.1

Peripheral vascular disease (%) 83 (8.6) 40 (8.3) 43 (9.0) 2.2

Chronic pulmonary disease (%) 96 (10.0) 52 (10.8) 44 (9.2) 5.6

Past myocardial infarction (%) 74 (7.7) 33 (6.9) 41 (8.5) 6.2

Past PCI (%) 29 (3.0) 10 (2.1) 19 (4.0) 11.0

Past major bleeding event (%) 38 (4.0) 17 (3.5) 21 (4.4) 4.3

Alcohol dependency (%) 16 (1.7) 7 (1.5) 9 (1.9) 3.3

Liver disease (%) 3 (0.3) 0 (0.0) 3 (0.6) 11.2

Cancer (%) 70 (7.3) 38 (7.9) 32 (6.7) 4.8

eGFR, mL/min per 1.73 m2 (%)

45 to 60 732 (76.2) 372 (77.5) 360 (75.0) 5.9

30 to 45 228 (23.8) 108 (22.5) 120 (25.0) 5.9

Heart failure (%) 271 (28.2) 138 (28.7) 133 (27.7) 2.3

Left ventricular ejection fraction (%)

>50 325 (66.7) 157 (65.4) 168 (68.0) 5.5

30 to 49 113 (23.2) 56 (23.3) 57 (23.1) 0.6

<30 49 (10.1) 27 (11.2) 22 (8.9) 7.8

Endocarditis (%) 70 (7.3) 32 (6.7) 38 (7.9) 4.8

Emergent surgery (%) 22 (2.3) 11 (2.3) 11 (2.3) 0

Isolated AVR (%) 793 (82.6) 384 (80.0) 409 (85.2) 13.8

Year of surgery (%)

1997 to 2001 399 (41.6) 207 (43.1) 192 (40.0) 6.3

2002 to 2006 364 (37.9) 179 (37.3) 185 (38.5) 2.6

2007 to 2013 197 (20.5) 94 (19.6) 103 (21.5) 4.6

Divided by prosthesis type. Data are n (%), unless otherwise noted. AVR indicates aortic valve replacement; eGFR, estimated glomerular filtration rate; PCI, percutaneous coronary
intervention.
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medical therapy and monitor kidney function. Our study also
adds knowledge concerning major bleeding, aortic valve
reoperation, and survival associated with prosthetic valve type
in patients with moderately reduced kidney function.

ESRD is associated with anemia as well as abnormalities in
platelet function and platelet-vessel aggregation, which
causes a susceptibility to bleeding.30 It is also known that
patients treated with dialysis have a higher risk of a bleeding
event after AVR than those without dialysis treatment.9 To our
knowledge, the risk of a major bleeding event during follow-up
after AVR in patients with moderately reduced kidney function
has not been investigated. We found a nonsignificant higher
risk of bleeding in patients with moderately reduced kidney
function compared to those with normal kidney function; this
increased risk was present in patients who received a
bioprosthesis, but not in those who received a mechanical
valve prosthesis. The majority of patients with moderately
reduced kidney function in our study had an eGFR of 45 to

60 mL/min per 1.73 m2. It is possible that abnormalities in
coagulation function become more prominent with more
advanced kidney dysfunction. It is also possible that the
abnormality in coagulation function that comes with mechan-
ical valves and warfarin treatment is so strong that the
increased risk of bleeding in patients with moderately reduced
kidney function becomes irrelevant in those treated with
warfarin, but relevant in patients with bioprostheses.

Even though it is known that patients with ESRD have a
higher prevalence of structural valve deterioration,9 which is
the most common indication for aortic valve reoperation, we
found that reoperation was more common in patients with
normal kidney function than in those with moderately reduced
kidney function. A possible explanation for this finding is that
patients with moderately reduced kidney function were too
frail to undergo a second surgery even when it was indicated.
Similarly to previous studies examining which valve type is
preferable for patients with ESRD,31,32 we found no significant
association between valve type and survival in patients with
moderately reduced kidney function.

Study Limitations
Excluding patients with missing eGFR values might have
influenced the generalizability of our study. However, general-
izability was increased by our study being a large, nation-wide,
population-based cohort study. The observational study design
comes with some inevitable limitations. We used regression
models to adjust for measured and known confounding factors.
However, there might have been other factors that were
unknown or unmeasured that we were not able to account for
(residual confounding). For example, we did not have informa-
tion regarding implanted valve size, cardiopulmonary bypass
time, and cause of CKD. Furthermore, creatinine values may
differ in the same individual if taken at different occasions;
because we based eGFR on a single value of creatinine sampled
preoperatively, we might not have gotten a representative

Figure 4. Cumulative survival in propensity-score–matched
patients with moderately reduced kidney function who underwent
aortic valve replacement with mechanical valve prostheses versus
bioprostheses. HR indicates hazard ratio.

Table 7. Event Rates and Relative Risks for All-Cause Mortality in 3266 Patients With Moderately Reduced Kidney Function (eGFR
30–60 mL/min per 1.73 m2) Who Underwent AVR With a Bioprosthesis or a Mechanical Valve

Mechanical Valve Bioprosthesis

Events/PY
Crude Rate (95% CI)
per 1000 PY

HR
(95% CI) Events/PY

Crude Rate (95% CI)
per 1000 PY HR (95% CI)

Propensity-score–matched
cohort (n=960)

230/3526 6.5 (5.7–7.4) 1.00 220/3809 5.8 (5.1–6.6) 0.85 (0.70–1.03)

Overall cohort (n=3266) 301/5501 5.5 (4.9–6.1) 1121/14 556 7.7 (7.3–8.2)

Unadjusted 1.00 1.54 (1.35–1.77)

Adjusted for age 1.00 0.88 (0.75–1.03)

Multivariable adjusted model* 1.00 0.86 (0.73–1.01)

AVR indicates aortic valve replacement; eGFR, estimated glomerular filtration rate; HR, hazard ratio; PY, person-years.
*The multivariable model included all variables in Table 3.
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value. Also, information about albuminuria, which is considered
a sign of CKD,was not available in our study. Furthermore, some
adverse events might have happened outside of Sweden, which
might have led to underestimation of the rate of major bleeding
and aortic valve reoperation. However, all deaths are listed in
the Cause of Death Register, regardless of whether death
occurred abroad; therefore, follow-up for the primary outcome
was complete. The long and complete follow-up and the large
number of patients are particular strengths of our study, which
was made possible by crosslinking of high-quality Swedish
registers.

Conclusions
Moderately reduced kidney function was significantly associ-
ated with increased mortality after AVR. There was a
nonsignificant higher risk for major bleeding events and a
significantly lower risk for aortic valve reoperation in patients
with moderately reduced kidney function compared to those
with normal kidney function. In patients with moderately
reduced kidney function, there was a similar survival in those
who received a bioprosthesis and those who received a
mechanical valve prosthesis. These results have important
implications for preoperative risk stratification, and suggest
that patients with eGFR 30 to 60 mL/min per 1.73 m2

warrant careful observation after AVR. Further investigation is
needed to determine which prosthesis type (bioprosthetic or
mechanical) should be recommended to patients with mod-
erately reduced kidney function.
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