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Differential impact on acute kidney injury incidence between 
on- and off pump coronary  artery bypass grafting in octogenarians

Rudolf Spundaa, Martin Valekb, Myroslav Salmaya, Tomas Prskaveca, Ondrej Pechac, Jaroslav Lindnera, Miroslav Spaceka

Introduction. Acute kidney injury (AKI) following surgical myocardial revascularization is associated with high mortality 
and morbidity. The aim of this study was to evaluate the risk of acute kidney injury in a population of very old patients 
following different surgical techniques.
Patients and Methods. A retrospective study of 310 consecutive patients aged 78 to 93 years, mean 80.5±2.2, who 
underwent surgery at one cardiac surgery centre. Based on the surgical technique used the patients were divided into: 
Group I. CABG (n=134) - surgical myocardial revascularization using extracorporeal circulation and arterial and venous 
grafts. Group II. OPCABG (n=55) - surgical revascularization without extracorporeal circulation but using arterial and 
venous grafts. Group III. NOTOUCH (n=121) - no handling with the ascending aorta was performed at all. 
Results. A statistically insignificant renoprotective trend was found in patients who underwent surgery without ex-
tracorporeal circulation regardless of technique. Comparing groups II and III vs. group I, a significantly poorer renal 
functioning (median difference in creatinine was 10.0 (32.9) vs 17.5 (35.0), P=0.05) was shown for patients in group I.
Conclusion. Surgical myocardial revascularization without extracorporeal circulation in very old patients is safe. The 
results of this study show a renoprotective trend. 
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INTRODUCTION

Acute kidney injury (AKI) following surgical myo-
cardial revascularization is associated with high morbid-
ity and mortality1-3. Complications occur in 1.4-19% of 
operated patients with a predicted mortality of between 
7-38% (ref.4). According to the literature, the increased 
incidence of AKI is associated with the use of extracor-
poreal circulation (CPB) (ref.5,6). Impaired glomerular 
and tubular function is the cause4. The reason for this 
negative effect of CPB on the kidneys is the inflammatory 
reaction associated with the CPB, non-pulsatile flow of 
the extracorporeal circulation, haemodilution, possible 
renal hypoperfusion, atheroembolization and others7. 
Surgery without extracorporeal circulation as well as 
avoiding handling the ascending aorta (no-touch aorta 
technique) and therefore preventing distal embolization 
of the atheromatous masses in the ascending aorta, is a 
technical prerequisite for minimizing post-operative AKI 
(ref.8,9). Maximum benefit can be expected, especially in 
octogenarian patients10,11. The purpose of this study was 
to evaluate the risk of acute kidney injury in an at risk 
population of very old patientsfollowing three surgical 
techniques: on-pump coronary artery bypass (CABG), 
off-pump coronary artery bypass (OPCABG) or no-touch 
off-pump coronary artery bypass (NOTOUCH). No as-

sessment of this most risky group of elderly patients has 
been done to our knowledge.

PATIENTS AND METHODS

Patient populations
Retrospective study to monitor patients who had un-

dergone surgery at one cardiac surgery centre. The sample 
included 310 consecutive patients, aged 78-93 years, mean 
age 80.5±2.2, median 80.0 years. These had undergone 
surgical myocardial revascularization from 2003 till the 
end of 2009. The patients were divided into three sub-
groups according to the type of surgery and level of han-
dling the ascending aorta. 

Surgical technique
In the I. CABG group (n=134) patients underwent 

surgical myocardial revascularization using extracorporeal 
circulation and arterial and venous grafts. 

In the II. OPCABG group (n=55), patients underwent 
surgical revascularization without extracorporeal circula-
tion and with the use of the arterial and venous grafts. 
In contrast to the CABG group the ascending aorta was 
handled only when central anastomoses of the venous 
bypasses were sewed on. 
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In the last group III called NOTOUCH (n=121) no 
handling with the ascending aorta was performed at all. 
These patients were operated without extracorporeal cir-
culation and only arterial grafts were used for the bypass-
es - left a. thoracica interna (LIMA), right a. thoracica 
interna (RIMA) and a. radialis (RA). The LIMA and 
RIMA were used in situ with a separation from a. subcla-
via left in place or as composite T and Y grafts. The RA 
was taken from the non-dominant upper extremity with 
negative Allen test and it was used solely as a composite 
T (Y) graft. 

Assessment of renal parameters
Glomerular filtration rate (GFR) was calculated in all 

patients using the formula adopted from the Modification 
of Diet in Renal Disease study (MDRD) (ref.12). The 
chronic kidney disease (CKD) classification was used to 
evaluate the stage of pre-operative renal function impair-
ment13. All patients who were in stage 5 CKD (GFR < 
15mL/min or dialysis) were excluded from the study. 

The post-operative AKI and its stages were defined in 
accordance with the Acute Kidney Injury Network criteria 

(AKIN) (ref.14). The AKI was defined as an increase of 
serum creatinine by ≥ 50% or by >26 μmol/L compared to 
the pre-operative value (during 48 h). The severity of AKI 
was classified as stage 1 (increase in creatinine by ≥50% 
or by >26 μmol/L), stage 2 (increase in creatinine by 101-
200%), and stage 3 (increase in creatinine by >200% or 
as a pre-operative creatinine ≥ 354 μmol/L and increase 
in creatinine by 44 μmol or renal replacement therapy). 
Because the stages 2 and 3 of AKI were achieved in few 
patients, these groups were not statistically evaluated 
separately. 

A post-operative worsening of renal functions was also 
seen using the difference in values of serum creatinine 
concentration before the surgery and maximum value af-
ter the surgery during patient's stay at the Intensive Care 
Unit (ICU). 

Statistical evaluation
All continuous variables were initially tested for nor-

mality using Kolmogorov-Smirnov test. Since almost all 
of these variables were non-normally distributed, the non-
parametric Kruskal-Wallis test was used to compare dif-

Table 1. Characteristics of the group of patients (n=310).

No touch 
Off-pump CAB

Off-pump 
CAB

On-pump 
CAB

P

Patients 121 55 134
Age (years) 80.8 ± 2.3

80.0 (4)
80.8 ± 2.8
78 (3.0)

80.1 ± 1.9
80.0 (2.0)

0.11

Male gender (%) 65.3 56.4 73.7 0.06
EuroSCORE Additive 8.0 ± 2.7

8.0 (3.5)
7.9 ± 2.3
7.5 (3.5)

8.0 ± 3.1
7.0 (3.0)

0.66

EuroSCORE Logistic 14.4 ± 12.8
10.0 (12.1)

12.7 ± 7.9
10.0 (12.3)

15.5 ± 15.5
9.6 (13.6)

0.81

Left ventricular ejection fraction (%) 52 ± 14
55 (23)

51 ± 12
52 (20)

50 ± 13
50 (20)

0.52

Previous myocardial infarction (%) 61.9 69.8 50.0* 0.03
Diabetes mellitus (%) 41.8 39.6 45.4 0.74
Peripheral artery disease (%) 21.6 24.6 16.9 0.45
Serum creatinine preoperatively (μmol/L) 105 ± 32

100 (34)
108 ± 33
100 (42)

113 ± 35
106 (41)

0.19

Estimated glomerular filtration rate 
preoperatively (mL/s/1.73 m2)

0,85 ± 0.26
0.86 (0.31)

0.82 ± 0.25
0.84 (0.40)

0.82 ± 0.24
0.82 (0.33)

0.40

Intubation time (min) 24.7 ± 68.7
8.0 (7.5)

41.9 ± 181.4
9.0 (6.3)

22.4 ± 51.0
10.0 (8.0)

0.11

Extracorporal circulation time (min) 0 0 92 ± 44*
87 (35)

< 0.001

Aortic cross clamp time (min) 0 0 45 ± 18*
43 (18)

< 0.001

Lenght of stay on intensive care unit (h) 129 ± 101
96 (n = 101)

146 ± 225
95 (n = 114)

124 ± 136
92 (n = 77)

0.78

Distal anastomoses (N) 2.3 ± 1.0
2 (n = 1.0)

2.6 ± 0.7
3 (n = 1)

3.5 ± 1.0*
3 (n = 1)

< 0.001

Mammary artery (N) 1.6 ± 0.7
 1 (n = 1.0)

1.1 ± 0.4*
1 (n = 0)

1.0 ± 0.6*
1 (n = 0)

< 0.001

Radial artery (N) 0.8 ± 0.9
1 (n = 1)

0.02 ± 0.13*
0 (n = 0)

0.1 ± 0.5*
0 (n = 0) 

< 0.001

Vein (N) 0 1.5 ± 0.6*
1 (n = 1)

2.4 (1.0)*
2 (n = 1)

< 0.001
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ferences between the groups. The one-way ANOVA with 
Fisher LSD post-hoc tests was applied for the remaining 
normal variables. In the case of categorical variables, the 
chi-square test of independence including an analysis of 
standardized adjusted residuals was carried out to as-
sess differences between the groups. Subsequently, the 
Wilcoxon test for paired samples was used to compare 
changes between the pre-test and post-test values. The 
differences were considered as significant when P<0.05. 
Results are expressed as means ± standard deviation and 
as median and inter-quartile range in parenthesis. The 
data were processed using the statistical software SPSS 
(version 17.0). The graphs were constructed using the 
Statistica software (version 9.0).

Patients characteristics
Characteristics of the group are summarized in Table 

1. There was no significant difference in renal functions 
before the surgery in the single groups expressed both 
by serum creatinine level or calculation of GFR using 
the MDRD formula. The patients in the single groups 
were not significantly different in age, gender ratio, 
EuroSCORE (ref.15), pre-operative ejection fraction, dia-
betes mellitus or peripheral artery disease. However, the 
patients in the CABG group had a lower rate of myo-
cardial infarction in their medical history (P=0.03). The 
CABG patients had a higher number of distal anastomo-
ses compared with both off-pump groups (P<0.001).

Group I. CABG - in this group the left a. thoracica 
interna (LIMA) was used in 113 (84.3%) patients, vena 
saphena magna (VSM) in 128 (95.5%) patients and a. 
radialis (RA) in 8 (5.9%) patients. In this group we saw on 
average 3.5 distal anastomoses. Duration of EC on aver-
age was 92 min and the duration of transversal clamping 
of the aorta was on average 44 min. 

Group II. OPCABG - LIMA was used in 53 cases 
(96.4%), VSM in 55 (100%) patients. RA was used in 
1 (1.8%) patient. On average we performed 2.6 distal 
anastomoses.

Group III. NOTOUCH - These patients underwent 
surgery without extracorporeal circulation and only 
arterial grafts were used for the bypasses - LIMA (120 
(99.2%)), RIMA (26 (21.5%)) and RA (63 (52%)). LIMA 
and RIMA were used in situ with the branching from a. 
subclavia left in place or as composite T and Y grafts. 
RA was taken from the non-dominant limb with negative 
Allen test and it was used solely as a composite T (Y) 
graft. On average we performed 2.3 distal anastomoses. 
This group also includedpatients (21 patients) who un-
derwent MIDCABG (mini-invasive direct coronary artery 
bypass grafting).

The results are reported as relative frequency, or as 
the means with standard deviations and medians with 
quartiles. *means statistically significant difference.

RESULTS

The results of renal functions are summarized in 
Table 2. 

The results are expressed as numbers of patients and 
relative frequency, or as the means with standard devia-
tions and medians with quartiles. *means statistically 
significant difference.

In the whole group, a worsening of renal functions 
was assessed using the serum creatinine level (P<0.001). 
As well, within all the subgroups (CABG, OPCABG, 
NOTOUCH) the serum creatinine levels were statisti-
cally significantly increased (P<0.001, P=0.003, P<0.001). 
However, comparison of the intensity of worsening of cre-
atinine between the groups was not significant. A slight 
trend can be seen, where the CABG group deteriorated 
more than the OPCABG and NOTOUCH groups (P=0.12, 
Fig 1). The maximum creatinine value after the surgery 
was not statistically significantly different between the 
groups but a slight trend can be seen as well where the 
CAB patients had higher values compared to the other 
groups (P=0.10). When comparing both off-pump groups 

Table 2. Renal data in the single groups. The results are presented as the numbers of patients and relative frequency, 
or as the means with standard deviations and medians with quartiles.

No touch 
Off-pump CAB

Off-pump CAB On-pump CAB P

Acute kidney injury, n (%) 38 (31.4) 16 (29.0) 56 (41.8)* < 0.05

Stage 1, n (%) 34 (28.1) 13 (23.6) 50 (37.3)* < 0.05

Stage 2, n (%) 2 (1.7) 1 (1.8) 2 (1.5)

Stage 3, n (%) 2 (1.7) 2 (3.6) 4 (3.0)

Serum creatinine preoperatively (μmol/L) 105 ± 32
100 (34)

108 ± 33
100 (42)

113 ± 35
106 (41)

0.19

Maximum serum creatinine postoperatively (μmol/L) 129 ± 66
111 (60) 

127 ± 59
106 (43)

138 ± 60
121 (70)

0.10

Serum creatinine difference (μmol/L) 23.1 ± 55.2
10.0 (31.8)

19.0 ± 47.6
10.0 (40.0)

25.8 ± 59.9
17.5 (37)

0.12

Renal replacement therapy postoperatively, N (%) 2 (1.7) 2 (3.6) 4 (3.0)
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Fig. 1. Maximum creatinine value postoperatively. 
Pre- and post-operative serum creatinine levels difference in CABG, 
OPCABG and NOTOUCH group. A slight trend can be seen as well 
where the CABG patients had higher values compared to the other 
groups (P=0.12) 

together versus the on-pump group, renal functioning was 
poorer in on-pump patients, which was statistically signifi-
cant (median of creatinine difference 10.0 (32.9) vs 17.5 
(35.0), P=0.05).

When comparing the occurrence of AKI according 
to the AKIN criteria the CABG patients had a signifi-
cantly higher risk of AKI compared to the OPCABG or 
NOTOUCH patients. There was no statistically signifi-
cant difference between the OPCABG or NOTOUCH 
group regarding the AKI (Fig. 2). 

The same dependence was seen in the stage of AKIN 
1. A significant renal function impairment after the sur-
gery was relatively less common. 4.2% patients of patients 
achieved stage 2 and 3 and only 2.5% of patients achieved 
stage 3 out of the whole group. The AKIN stages 2 and 3 
were not statistically evaluated due to small numbers of 
patients in the groups. In total 5 patients achieved stage 2 
and 8 patients achieved stage 3. All patients of the AKIN 
stage 3 had to be dialyzed. Except for one patient, all 
patients in the AKIN stage 3 had chronic kidney disease 
before the surgery – three patients had the CKD stage 3 
and four patients stage 4. 

DISCUSSION

Acute kidney injury following surgical myocardial 
revascularization is a relatively common and very seri-
ous post-operative complication3,16,17. In patients from 
80 to 89 years of age it is associated with higher mor-
tality and it significantly prolongs hospitalization at the 
ICU (ref.11,18). The mechanism includes impairment of 
glomerular filtration and tubular function due to system 
inflammatory response associated with the use of extra-
corporeal circulation, non-pulsatile flow of the extracor-
poreal circulation, haemodilution, possible hypoperfusion 
of the kidneys, atheroembolization and other causes5,6. 
The systemic inflammatory response develops also fol-
lowing surgery without extracorporeal circulation in con-
trast to the procedures with EC, however the reaction is 
not so serious and the final effect on the renal functions 
is less serious19,20. Haemodilution and non-pulsatile flow 
are specific characteristics of the extracorporeal circula-
tion and they do not occur during the OPCABG proce-
dures. Hypotension associated with renal hypoperfusion 
is more probable during the OPCABG revascularization 
procedure, especially in stabilization of the coronary ar-
teries of the lateral and inferior wall of the left ventricle21. 
Atheroembolization from atherosclerotic plaques in the 
ascending aorta is another possible mechanism of renal 
function impairment. Embolism occurs most commonly 
during handling the ascending aorta when the arterial 
cannula is inserted in the extracorporeal circulation and 
when the transversial or mural clamp is placed on the 
ascending aorta22. The mural clamp is used during sew-
ing the central anastomoses of venous bypasses to the 
ascending aorta and the risk of embolism is therefore 
also present in the case of OPCABG revascularization 
using the venous grafts. During the no-touch technique 
(NOTOUCH) we eliminate handling of the ascending 

Fig. 2. Occurrence of AKI.
CABG group had a significantly higher risk of AKI compared to the 
OPCABG and NOTOUCH group

aorta, the surgery is performed without extracorporeal 
circulation and only arterial grafts are used in situ or as 
composite9. For this reason, the risk of embolization of 
the atherosclerotic plaques from the ascending aorta is 
reduced to a minimum. However, if the surgical technique 
is not well-done, the risk of hypotension persists with sta-
bilization of the coronary arteries. Based on this, it can 
be assumed that the surgery without the extracorporeal 
circulation (OPCABG and NOTOUCH) will benefit by 
lower incidence of renal failure post-operatively, especially 
in octogenarians. 

According to our knowledge, this study is the first 
which is aimed at the risk of AKI in relation to the use of 
extracorporeal circulation in a selected, at risk population 
of very old patients. 

A renoprotective effect can be seen in the study re-
sults in favour of patients not undergoing extracorporeal 
circulation compared to its use. However, the effect of the 
no-touch technique vs off-pump technique with handling 
the aorta ascendent on AKI was not found and both off-
pump groups had the same risk of AKI. Implementation 
of the extracorporeal circulation appears to be the main 
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risk factor. The mechanism of renal function impairment 
by embolization of atheromatic masses during handling 
the ascending aorta was not found to be important in 
our study. 

Early post-operative renal impairment was mostly mild 
– most in patients in the AKIN 1 group. Treatment using 
the RRT in the early post-operative period compromises 
especially patients with significant renal insufficiency 
post-operatively. 

However, the study is limited by the fact that only a 
small number of patients had significant kidney impair-
ment of stage 2 and especially stage 3. This precluded 
evaluating whether the patients in the OPCABG and 
NOTOUCH groups had a smaller risk of the clinically 
most significant forms of AKI – including the need for 
RRT.  In contrast to Di Mauro et al.4, we do not think 
that choice of surgery using extracorporeal circulation 
plays a negative role only in patients with normal pre-
operative renal parameters. We can see the advantages 
of surgery without extracorporeal circulation in patients 
with renal impairment pre-operatively. This observation 
is principally in accordance with the conclusions of ex-
tensive meta-analysis of randomized and observational 
studies aimed at this topic published by Nigwekarn et al.23 
despite the methodologically insufficiently defined AKI. 

It must be emphasized that evaluation of the renal 
parameters is only a small but significant part of evaluat-
ing the results of surgical revascularization in very old pa-
tients. Another significant group of monitored parameters 
is neurological outcome that is significantly better24, based 
on some studies in patients operated using the no-touch 
aorta technique, on condition that the surgical technique 
is perfectly managed, i.e. comparable revascularization pa-
rameters25, such as its completeness (comparable number 
of peripheral anastomoses) and pre-operative haemody-
namical stability, especially during revascularization of 
the lateral and inferior wall of the ventricle.

CONCLUSION

With the development of medicine and increased 
mean age of the population, the number of very old 
patients indicated for surgical myocardial revasculariza-
tion is increasing. Cardiac surgery in these patients is as-
sociated with a higher risk of morbidity and mortality 
including renal failure. To reduce thisrisk and based on 
our results, selection of less invasive procedures, such as 
off-pump myocardial revascularization, or with no-touch 
aorta technique is recommended. 

To confirm the advantages of a method, multicenter 
studies are needed. The long-term outcome of renal func-
tions in patients in relation to surgical technique used 
would be a very important factor as patients whose renal 
functions failed to recover and were included in chronic 
dialyzation programs have markedly higher morbidity and 
mortality and significantly worse quality of life. 
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