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 Abstract 
  Background:  Acute kidney injury (AKI) following heart surgery is associated with long-term 
risk of heart failure. It is not known if AKI following valvular heart surgery is associated with 
early changes in cardiac function or structure.  Methods:  A cohort study was conducted on 
201 patients with AKI and 201 patients without AKI after valvular heart surgery, who were 
matched for age, sex, left ventricular function, and estimated glomerular filtration rate. AKI 
was defined as an increase in postoperative serum creatinine of  ≥ 26 μmol/l ( ≥ 0.3 mg/dl) or a 
relative increase of  ≥ 50%. The two primary outcomes were changes in post- compared with 
preoperative left ventricular ejection fraction (LVEF) and left ventricular end-diastolic diam-
eter (LVEDD) assessed by echocardiography.  Results:  The mean age was 72 years, and 33% 
were female. Aortic valve surgery was the most frequent procedure. The mean time from sur-
gery to the postoperative echocardiographic examination was 4.9 days (SD 3.7). There was no 
significant change in postoperative mean LVEF (–3.6 vs. –4.3%; p = 0.58) or mean LVEDD (–4.7 
vs. –3.9 mm; p = 0.31) in patients with AKI compared to those without AKI.  Conclusion:  We 
found no acute changes in cardiac function or structure assessed by echocardiography in pa-
tients with AKI compared to those without AKI after valvular heart surgery. 
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 Introduction 

 Acute kidney injury (AKI) after heart surgery is common and associated with increased 
short- and long-term mortality and worsening of renal function  [1–3] . A recent study showed 
that AKI after coronary artery bypass grafting increased the long-term risk of new-onset 
heart failure  [4] . During a mean follow-up of 4.1 years, patients with a 44-μmol/l (>0.5 mg/
dl) increase in postoperative serum creatinine values had an almost doubled risk of a first 
hospitalization for heart failure.

  Chronic kidney disease is a well-known risk factor for myocardial infarction and heart 
failure  [5, 6] . However, little is known about AKI and its direct effects on the heart. An animal 
study found that rats with ischemia-induced AKI had changes in left ventricular dimension and 
fractional shortening within 48 h of injury  [7] . The relationship between the heart and kidney 
dysfunction has been described as cardiorenal syndrome  [8] . Cardiorenal syndrome type 3 is 
defined as acute worsening of the kidney function leading to heart injury and/or dysfunction 
 [8] . Injuries and dysfunctions described are, among others, acute decompensated heart failure, 
acute myocardial infarction, pulmonary edema, and arrhythmia  [9] . Several pathophysiological 
pathways have been suggested, such as indirect effects on the heart by fluid and electrolyte 
disturbances, uremia, hemodynamic alterations, neuroendocrine activation, and direct effects 
by inflammatory mediation  [9] . However, evidence for the existence of cardiorenal syndrome 
type 3 is scarce. In a study in which AKI was associated with an increased risk of new-onset 
heart failure, the incidence was particularly increased the first few months after surgery  [4] .

  The purpose of this study was to compare patients with and without AKI regarding left 
ventricular ejection fraction (LVEF) as a measure of cardiac function, and left ventricular end-
diastolic diameter (LVEDD) as a measure of cardiac structure, assessed by echocardiography 
before and after valvular heart surgery.

  Methods 

 Study Population 
 A cohort study was conducted; all patients who underwent valvular heart surgery at the Karolinska 

University Hospital from January 1, 2008, to December 31, 2012, were eligible for inclusion. As standard 
practice, all patients undergoing valvular heart surgery are examined with a pre- and postoperative echocar-
diographic examination. The patients were identified from the Swedish Heart Surgery Register, where all 
heart surgery performed in Sweden is recorded. The register is part of the Swedish Web-System for 
Enhancement and Development of Evidence-Based Care in Heart Disease according to Recommended Ther-
apies (SWEDEHEART) register. The quality of the SWEDEHEART register has been reviewed, and it has been 
found to be a credible tool for researchers  [10] . Exclusion criteria and the number of patients excluded are 
shown in  figure 1 . Patients excluded from the study were those older than 85 or younger than 55 years of 
age; those who had undergone previous heart surgery; those who underwent other procedures than isolated 
valvular surgery; those who had missing pre- or postoperative serum creatinine; those who died within 4 
days after surgery; those who had surgery within 24 h from the decision to operate (emergency surgery); 
those who had active endocarditis, and those who had dialysis-dependent renal failure or an estimated 
glomerular filtration rate (eGFR) <15 ml/min/1.73 m 2 . The study was performed in compliance with the 
Declaration of Helsinki and was approved by the regional ethics committee in Stockholm, Sweden.

  Definitions 
 From the SWEDEHEART register, information on age, sex, preoperative LVEF, pre- and postoperative 

serum creatinine values, prior stroke, diabetes mellitus, chronic obstructive pulmonary disease, peripheral 
vascular disease, prior acute myocardial infarction, and operated heart valves was collected. Creatinine kinase-
MB (CKMB) was collected from the patients’ medical records. AKI was defined by comparing pre- and postop-
erative serum creatinine values. The preoperative value was normally collected within 24 h before surgery, and 
the postoperative value was the highest value during the index hospitalization. AKI was defined according to 
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the Acute Kidney Injury Network (AKIN) criteria stage 1: an increase in serum creatinine of  ≥ 26 μmol/l ( ≥ 0.3 
mg/dl) or a relative increase in postoperative serum creatinine of  ≥ 50%  [11] . The reference group was defined 
as an increase of <26 μmol/l (<0.3 mg/dl), a relative increase of <50%, or a decrease in postoperative serum 
creatinine. GFRs were estimated using the simplified Modification of Diet in Renal Disease (MDRD) study 
equation: GFR = 186       ·       (serum creatinine in μmol/l/88.4) –1.154        ·       age –0.203 , multiplied by 0.742 in women. Hyper-
tension, diabetes mellitus and chronic obstructive pulmonary disease were defined according to the patients’ 
ongoing pharmacological treatment. Peripheral vascular disease was defined according to the European System 

Died within 4 days of surgery (n = 2)

Prior open heart surgery (n = 165)

n = 2,408

n = 1,888

n = 1,723

n = 1,129

n = 1,126

n = 1,124

n = 1,096

n = 1,055

n = 1,042

n = 201 × 2

Data on
LVEF

n = 152 × 2

Data on
LVEDD

n = 168 × 2

Younger than 55 or older than 85 years of age (n = 520)

Patients who underwent valvular surgery at
the Karolinska University Hospital 2008–2012

Emergency surgery (n = 28)

Active endocarditis (n = 41)

Ongoing renal replacement therapy or
eGFR <15 ml/min/1.73 m2 (n = 13)

Underwent other than isolated valvular heart
 surgery (n = 594)

201 matched pairs (1:1) based on AKI with
information on pre- and postoperative
examination

One group of matched pairs with complete
information on LVEF (n = 152 × 2) and one with
complete information on LVEDD (n = 168 × 2)

Missing pre- or postoperative creatinine values (n = 3)

  Fig. 1.  All patients undergoing valvular heart surgery at the Karolinska University Hospital from January 1, 
2008, to December 31, 2012, were eligible for inclusion. Exclusion criteria with the number of excluded pa-
tients in parentheses are shown.  
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for Cardiac Operative Risk Evaluation (EUROSCORE) definition of presence of claudication, occlusion or >50% 
stenosis of a carotid artery, amputation for arterial disease, previous or planned intervention on the abdominal 
aorta, limb arteries, or carotids. CKMB was sampled within the first 24 h after surgery. LVEF was categorized 
as normal (EF >50%), reduced (EF 30–50%) or severely reduced (EF <30%).

  Matching 
 After exclusion, there were 1,042 patients, of whom 295 had developed AKI postoperatively. Patients 

with AKI were matched to patients without AKI in a 1:   1 ratio on the following characteristics: age (3 groups: 
55–65, 65–75 and 75–85 years), sex, preoperative LVEF (3 groups: <30, 30–50 or >50%) and eGFR (4 groups: 
15–30, 30–45, 45–60, and >60 ml/min per 1.73 m 2 ). We matched for LVEF, age and eGFR, since left ventricular 
systolic dysfunction, high age and chronic kidney disease are among the most important risk factors for AKI. 
Information on preoperative LVEF from the SWEDEHEART register was only used for the purpose of 
matching. Patients with missing pre- or postoperative echocardiographic examination protocols were 
excluded (24 AKI patients). Patients with echocardiographies >1 year before (13 AKI patients) or 1 month 
after surgery were excluded (15 AKI patients). If a match had either a missing pre- or postoperative echocar-
diography, another match was chosen. In a few cases, a suitable match could not be found (40 AKI patients). 
Three AKI patients were excluded since the echocardiographic examinations could not be dated. In total, 201 
patients with AKI could be matched to a patient without AKI ( fig. 1 ).

  Outcome 
 The outcome variables under study were LVEF and LVEDD, which were extracted from pre- and post-

operative echocardiographic examination protocols found in the patients’ medical records. A standardized 
protocol was regularly used at echocardiographic examination, and the examinations closest in time before 
and after surgery were used. The preoperative examinations were performed at five different hospitals and 
the postoperative examination at the hospital where heart surgery was performed. In general, physicians or 
biomedical analysts specialized in echocardiography performed the echocardiographies. In most cases, the 
echocardiographist used visual examination to assess LVEF, and LVEDD was assessed by quantitative 
measurement. At the time when the echocardiographists performed the examination they had no infor-
mation if the patients were exposed to AKI or not. The reported values were later extracted from echocar-
diography protocols for this study. If the values reported were in the range between two values, the mean 
value was calculated. Some of the echocardiographic examinations had no numerical reports. If LVEF was 
reported as ‘normal’ (n = 8), we assigned a value of 55%, which is the lowest normal LVEF according to the 
current guidelines for chamber quantification  [12] . If LVEDD was reported as ‘normal’ (n = 95), we assigned 
a value of 59 mm in men and 53 mm in women, which is the highest normal LVEDD. If LVEDD was reported 
as ‘small’ (n = 7), we assigned a value of 42 mm in men and 39 mm in women, which is the lowest normal 
LVEDD. Complete information on LVEF was available for 152 pairs, which were analyzed for changes in LVEF, 
and complete information on LVEDD was available for 168 pairs, which were analyzed for changes in LVEDD.

  Statistical Analysis 
 Descriptive statistics were used to present baseline characteristics for the study group. Categorical vari-

ables were described with frequencies and percentages, and continuous variables were described with 
means and standard deviations (SDs). The time interval in days between the pre- and postoperative echocar-
diographic examinations and surgery was presented as mean, median and SD. Scatterplots and box plots 
were used to demonstrate changes in LVEF and LVEDD in patients with AKI compared to those without AKI. 
The data on changes in LVEF and LVEDD had a normal distribution. A paired two-sided t test was used for 
group comparisons of changes in pre- and postoperative LVEF and LVEDD according to AKI. Stata version 
13.0 (StataCorp LP, College Station, Tex., USA) was used for all statistical analyses.

  Results 

 The study consisted of 201 patients with AKI and 201 patients without AKI. The mean 
age was 71.8 years, and 33% were female ( table 1 ). Patients with AKI were more likely to have 
an increased postoperative CKMB, prior stroke, chronic obstructive pulmonary disease, 
peripheral vascular disease, multiple valve surgery, and surgery on the tricuspid valve 
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compared with patients without AKI. Aortic valve surgery was the most frequent pro-
cedure ( table 1 ). The mean time interval between the preoperative echocardiographic exam-
ination and surgery was 100 days (SD 69, median 91), and the mean time interval from 
surgery to postoperative examination was 4.9 days (SD 3.7, median 4.0). Baseline charac-
teristics in patients with complete information on LVEF and LVEDD, respectively, are 
presented in online supplementary tables 1 and 2 (for all online suppl. material, see www.
karger.com/doi/10.1159/000368199). The characteristics were similar in patients with 
complete information on LVEF, LVEDD or the sum of the two groups as presented in  table 1 .

  Left Ventricular Ejection Fraction 
 Complete information on pre- and postoperative LVEF was available for 152 matched 

pairs. There was a weak and nonsignificant correlation between an increase in Δ serum creat-
inine and a decrease in LVEF (Pearson’s correlation coefficient = –0.10; p = 0.08) ( fig. 2 ). 

  Table 1. Characteristics of the study population in relation to the presence or absence of AKI

All patients No AKI AKI

Number of patients 402 201 201
Percent of study group 100 50 50
Age at operation, years 71.8 ± 7.7 71.7 ± 7.2 71.9 ± 7.8
Females 134 (33) 67 (33) 67 (33)
LVEF

>50% 266 (66) 133 (66) 133 (66)
30 – 50% 106 (26) 53 (26) 53 (26)

<30% 30 (7.5) 15 (7.5) 15 (7.5)
eGFR, ml/min/1.73 m2 75 ± 21 76 ± 21 75 ± 21
eGFR (CKD-EPI), ml/min/1.73 m2 71 ± 17 71 ± 17 70 ± 17
eGFR

15 – 30 ml/min 0 (0) 0 (0) 0 (0)
30 – 45 ml/min 22 (5.5) 11 (5.5) 11 (5.5)
45 – 60 ml/min 66 (16) 33 (16) 33 (16)

>60 ml/min 314 (78) 157 (78) 157 (78)
Postoperative CKMB, μg/l 27 ± 27 23 ± 18 32 ± 32
Prior stroke 30 (7.5) 10 (5.0) 20 (10)
Diabetes mellitus 65 (16) 29 (14) 36 (18)
COPD 48 (12) 19 (9.5) 29 (14)
Peripheral vascular disease 32 (8.0) 13 (6.5) 19 (9.5)
Prior AMI 10 (2.5) 4 (2.0) 6 (3.0)
Valvular heart surgery

Multiple valve intervention 43 (8.7) 15 (5.9) 28 (12)
Aortic valve 298 (74) 145 (72) 153 (76)
Mitral valve 118 (29) 61 (30) 57 (28)
Tricuspid valve 23 (5.4) 6 (3.0) 17 (8.5)
Pulmonary valve 0 (0) 0 (0) 0 (0)

Days between preoperative ECHO and surgery 100 ± 69 [91] 94 ± 60 [93] 106 ± 77 [89]
Days between postoperative ECHO and surgery 4.9 ± 3.7 [4] 5.0 ± 4.0 [4] 4.8 ± 3.5 [4]
First 24-hour postoperative urine production, ml 2,540 ± 853 2,675 ± 766 2,405 ± 914

 Data are n (%) or means ± SDs. Figures in brackets are medians. CKD-EPI = Chronic Kidney Disease Epide-
miology Collaboration; COPD = chronic obstructive pulmonary disease; AMI = acute myocardial infarction; 
ECHO = echocardiography. AKI was defined as an increase of >26 mmol/l (>0.3 mg/dl) or a relative increase 
of >50% in postoperative serum creatinine.
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There was also no significant difference in LVEF change between patients with and without 
AKI. The mean reduction in LVEF in AKI patients was –3.6% (95% CI –5.4 to –1.8) and –4.3% 
in patients without AKI (95% CI –6.0 to –2.6; p = 0.58) ( table 2 ;  fig. 3 ).

  Left Ventricular End-Diastolic Diameter 
 Complete information on pre- and postoperative LVEDD was available for 168 matched 

pairs. There was no correlation between Δ serum creatinine and increased LVEDD (Pearson’s 
correlation coefficient = –0.01; p = 0.81) ( fig. 2 ). There was no significant difference in LVEDD 
change between patients with and without AKI. The mean change in LVEDD was –4.7 mm 
(95% CI –5.8 to –3.6) in patients with AKI and –3.9 mm (95% CI –5.1 to –2.7; p = 0.31) in 
patients without AKI ( table 2 ;  fig. 2 ).

  Discussion 

 We found no evidence for an association between AKI after valvular heart surgery and 
early changes in cardiac function or structure. AKI is a well-known complication to heart 
surgery and is associated with increased mortality, morbidity and hospitalization postopera-
tively  [1, 2] . However, few studies have focused on changes in cardiac structure and function. 
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LVEDD, respectively, plotted 
against the change in postopera-
tive creatinine in patients with or 
without AKI. 
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An animal study by Kelly  [7]  showed that LVEDD increased and fractional shortening 
decreased within 48 h after inducing bilateral renal ischemia to rats. Another study found that 
AKI following coronary artery bypass grafting was associated with long-term risk of a first 
hospitalization for heart failure  [4] . Interestingly, the incidence of heart failure seemed to be 
highest the first few months after surgery, indicating that there may be acute changes to the 
heart in the immediate postoperative period  [4] . However, it is uncertain if AKI after heart 
surgery is merely an indicator of more severe cardiovascular disease or increased vulnera-
bility, rather than a direct causative risk factor of new-onset heart failure, myocardial 
infarction or end-stage renal disease.

  There may be several reasons why we found no association between AKI and echocar-
diographic changes in cardiac structure or function. First, there might not be a causal asso-
ciation between AKI and functional or structural changes to the heart. However, the echocar-
diographic examinations might not be sensitive enough to identify these changes, if there are 
any. Other more sensitive methods have been developed recently to estimate cardiac function 
or structure. Echocardiographic two- or three-dimensional strain is a novel method to 
quantify left ventricular movement and function  [13] . Another noninvasive method for the 

  Table 2. Changes in mean LVEF and LVEDD in relation to the presence 
or absence of AKI

No AKI AKI p value

Δ LVEF
Number of patients 152 152
Mean –3.6 (–5.4 to – 1.8) –4.3 (–6.0 to –2.6) 0.58

Δ LVEDD
Number of patients 168 168
Mean –4.7 (–5.8 to –3.6) –3.9 (–5.1 to –2.7) 0.31

Figures in parentheses are 95% CIs. AKI was defined as an increase 
of >26 μmol/l (>0.3 mg/dl) or a relative increase of >50% in postope-
rative serum creatinine.
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measurement of cardiac output is inert gas rebreathing techniques such as Innocor ®   [14, 15] . 
We used a relatively low threshold of increase in postoperative serum creatinine to define 
AKI. In patients with the highest increases in serum creatinine, there were indications of a 
decrease in LVEF and an increase in LVEDD. There might be an association between AKI and 
changes in cardiac function and structure in patients with more severe AKI, and future studies 
might preferably focus on these patients.

  One of the strengths of our study was the even distribution of confounding factors 
between patients with and without AKI, which were attributed to the matched study design. 
The median time to the postoperative echocardiographic examination was only 4 days, and 
all examinations were performed at the same laboratory at the Karolinska University Hospital. 
However, the time interval between the preoperative echocardiographic examination and 
surgery could vary between 1 day and 1 year, with a median of 91 days. In that time, cardiac 
changes may have developed. Also, the echocardiographic examination is highly user 
dependent, and estimations could vary between echocardiographers. Another limitation was 
that we had no information regarding postoperative diuretics administration. The postop-
erative use of diuretics might have prevented volume expansion and thereby prevented echo-
cardiographic changes.

  Conclusions 

 In conclusion, we found no evidence for acute changes in LVEF or LVEDD in patients with 
AKI after valvular heart surgery. Studies with more sensitive methods such as the nonin-
vasive measurement of cardiac output or echocardiography-based strain imaging are needed.

  Disclosure Statement 

 The authors have nothing to disclose.
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