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Abstract

Background: The optimal visceral preservation method during aortic arch reconstruction is still
controversial. It has been thought that double aortic cannulation is effective. Herein, it was aimed to
evaluate this technique in providing distal perfusion.Methods:A total of 74 patients who underwent
arch reconstruction between 2011 and 2019were included. Patients were grouped according to ven-
tricular physiology and cannulation strategies. Group 1 were univentricle patients, and all had dou-
ble aortic cannulation. Group 2 were biventricular patients. Group 2A double aortic cannulation-
done and Group 2B non-double aortic cannulation were included. Lactate, urea, creatinine values,
renal functions, and need for peritoneal dialysis of patients were evaluated. Results: There were no
complications observed due to descending aortic cannulation in any of the patients. A delayed ster-
nal closure and the need for peritoneal dialysis were more common in the Group 1 (p< 0.01).
The preoperative and postoperative 1st- and 2nd-day lactate, urea, and creatinine values in the
Group 1 were higher (p< 0.05) when compared with the Group 2A and 2B. The same values were
higher in Group 2A than the Group 2B (p< 0.05). Conclusion: The positive effect of double aortic
cannulation on renal dysfunction could not be demonstrated. This may be associated with a
<1 month of age, low weight, complex surgical procedure, and high preoperative lactate, urea,
and creatinine values in patients with double aortic cannulation.

Continuous perfusion of abdominal organs and the lower part of the body during arch
reconstruction is not a new concept. Yasui et al1 defined a part of this technique in 1993 by
suturing a tube graft to the descending aorta with left thoracotomy, and Imoto et al2 finalised
the technique in 1999 by placing an additional arterial cannula in the descending aorta to ensure
distal perfusion. Subsequently, the insertion of a second arterial cannula into the proximal
descending aorta opened during arch reconstruction has been described, but not preferred
due to the presence of a cannula in the surgical field.3 Another technique that is more preferred
today is directly cannulating the descending aorta behind the pericardium or through the pari-
etal pleura, which was defined by Hammel et al.4

Some studies in recent years have suggested that end-organ damage, especially renal dysfunc-
tion, can be prevented with double aortic cannulation.5 The aim of this study was to evaluate the
effect of this technique on renal function by comparing the perioperative and postoperative
results of patients who underwent arch reconstruction.

Materials and methods

Patients who underwent arch reconstruction in our clinic, between 2011 and 2019, were reviewed
retrospectively. The patientswere grouped according to their ventricular physiology and cannulation
strategies in this study. Group 1 consisted of univentricle and Group 2 of biventricular patients.
Group 2A non-double aortic cannulation and Group 2B double aortic cannulation-done were
included. The effect of double aortic cannulation on renal function was investigated by examining
the preoperative/postoperative lactate, urea, and creatinine values of the patients. Kidney Disease
Improving Global Outcomes staging was used to standardise the renal insufficiency of the patients.

Kidney Disease Improving Global Outcomes staging

Stage Serum creatinine Urine output

1 1.5–1.9 times baseline OR ≥0.3 mg/dL increase <0.5 mL/kg/hour for 6–12 hours

2 2.0–2.9 times baseline increase <0.5 mL/kg/hour for 12 hours

3 3 times baseline OR increase in serum creatinine to 4 mg/dL
increase OR start renal replacement therapy

<0.3 mL/kg/hour for ≥24 hours
OR anuria for ≥12 hours
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Surgical technique

Surgery was performed through standardmedian sternotomy in all
patients. The innominate artery or distal part of the ascending
aorta was directly cannulated in all of the patients. In patients
who underwent double aortic cannulation, the beating heart was
elevated to the right and outside of the pericardium using a malle-
able retractor during cardiopulmonary bypass. The descending
aorta was reached by entering the left pleural cavity over the dia-
phragm and direct cannulation was applied. Both arterial lines
were connected to the heart-lung pump separately.

Monitorisation

Arterial monitorisation was applied through the right radial artery
and lower extremity. The efficiency of the perfusion wasmonitored
by placing near-infrared spectroscopy monitorisation to both the
cranial and renal region. When a significant difference was
detected in the near-infrared spectroscopy value during cardiopul-
monary bypass, the localisation of the innominate artery cannula
within the arterial wall, the drainage of the superior caval vein
venous cannula, the cardiopulmonary bypass flow, and the haema-
tocrit value were investigated.

Statistical analysis

The Number Cruncher Statistical System 2007 (Kaysville, Utah,
USA) programme was used for the statistical analysis. Descriptive
statistical methods (mean, standard deviation, median, first quartile,
third quartile, frequency, percentage, minimum, maximum) were
used while evaluating the study data. The conformity of the quanti-
tative data to normal distribution was tested using the Shapiro–Wilk
test and graphical examinations. The independent group t-test was
used for the comparison of the normally distributed quantitative
variables between two groups, and the Mann–Whitney U-test
was used for comparisons between two groups of non-normally
distributed quantitative variables. Pearson’s correlation analysis
and Spearman’s correlation analysis were used for the evaluation
of relations between quantitative variables. Statistical significance
was accepted as P< 0.05.

Results

The demographic characteristics of patients in the univentricular
and biventricular groups were compared (Table 1). Double aortic
cannulation was performed in 78.4% (n= 58) of patients. While
double aortic cannulation was performed in all patients in the
Group 1, this rate was 65.9% (n= 31) in the Group 2. Group
2A double aortic cannulation-done and Group 2B non-double
aortic cannulation were included. The age and weight of the
patients in group 1 were found to be significantly lower than those
in Group 2A and 2B. (respectively p= 0.01, p= 0.013; p< 0.05 and
p= 0.011, p= 0.08; p< 0.01). There was no difference between
groups in terms of the X-clamp time, duration of mechanical venti-
lation, or duration of ICU stay (p= 0.075, p= 0.184, p> 0.05). On the
other hand, a delayed sternal closure and the need for peritoneal dialy-
sis were more common in the Group 1 (p= 0.01, p< 0.01).

Preoperative and postoperative comparisons of the groups
are summarised in Table 2. The preoperative and postoperative
6th- and 12th-hour, and 1st- and 2nd-day lactate values in the
Group 1 were higher (p = 0.001, p= 0.001, p= 0.001, p= 0.001,
p= 0.003, p= 0.006, p< 0.05) when compared with the same val-
ues in the Group 2A and 2B. Moreover, the preoperative and

postoperative 1st- and 2nd-day urea (p= 0.006, p= 0.009,
p= 0.033, p= 0.020, p< 0.05) and creatinine (p= 0.01, p= 0.01,
p= 0.01, p= 0.01, p< 0.05) values were also high in the Group 1.

Patients in the Group 2 were evaluated separately according to
cannulation strategies (Table 3). There was no significant differ-
ence in the preoperative, post-cardiopulmonary bypass, and
6-hour (p= 0.574, p= 0.782, p= 0.302, p> 0.05) lactate values
of the patients who underwent double aortic cannulation, respec-
tively. On the other hand, the postoperative 12th-hour, and 1st-
and 2nd-day lactate values (p= 0.021, p= 0.037, p= 0.010,
p< 0.05) were high. No difference was detected between the
groups in terms of the urea values (p= 0.031, p= 0.076, p= 0.890,
p= 0.308, p> 0.05). The preoperative and postoperative 1st- and
2nd-day creatinine values were significantly higher in the Group
2A (p= 0.036, p= 0.006, p= 0.003, p< 0.05).

Discussion

Acute kidney injury is the most common major complication after
cardiac surgery in children.6–8 The incidence of acute kidney injury
in this populations has been reported as 30–52%, and the greatest
risk group is newborns.9–11 It has been reported that more than
one-third of newborns develop acute kidney injury after CHD sur-
gery.12 It is impossible to determine the real incidence in neonatal
group patients due to the immaturity of the renal tubules and
changes in the glomerular filtration rate.13,14 SooHoo et al15 sug-
gested that the Norwood procedure is related to an increased inci-
dence of acute kidney injury. In their study, it was also shown that
the risk of acute kidney injury increased as the surgical complexity
increased.

The exact mechanism of acute kidney injury that develops after
cardiac surgery is not fully understood due to the complexity of its
pathophysiology and its multifactorial nature.16 Early diagnostic
tools, such as urine and serum biomarkers, could not be deter-
mined and there is still no specific treatment for the prevention
or cure of acute kidney injury. Although various criteria are used
for the diagnosis of acute kidney injury, Kidney Disease Improving
Global Outcomes staging has recently been used as a standard
diagnostic tool.17 Kidney Disease Improving Global Outcomes
Stage II and III are defined as severe acute kidney injury. The inci-
dence of acute kidney injury, according to the Kidney Disease
Improving Global Outcomes criteria, after CHD surgery was
reported as 29–86%.7,8,19

Acute kidney injury was also found to be associated with
chronic renal failure, prolonged mechanical ventilation, and ICU
stay, in addition to mortality.20 Risk factors related to acute kidney
injury include prolonged cardiopulmonary bypass duration, the com-
plexity of surgical repair, degree of hypothermia, circulatory arrest,
and postoperative low cardiac output syndromes.10,11,20

In another study, an age <1 was determined as a risk factor and
in another study, a cardiopulmonary bypass duration >90 minutes
was accepted as a risk factor.21–25 While being under the age of 1 is
considered to be the most important risk factor, preoperative
mechanical ventilation and perioperative peritoneal dialysis have
been shown as other risk factors.26–29 A non-pulsatile flow, renal
hypoperfusion, and hypothermia are also other causes of renal
dysfunction.30,31

Aortic arch reconstruction is the cornerstone of congenital
heart surgery and can be an important part of complex surgical
procedures, such as the Norwood procedure.3 The extent of body
and distal organ damage during surgery is unclear. Systemic
inflammatory response, as a result of ischaemia/reperfusion injury,
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may cause renal, hepatic, and intestinal dysfunction, which is asso-
ciated with postoperative morbidity.32 Moreover, patients who
have undergone aortic arch construction are at high risk in terms
of postoperative acute kidney injury because of systemic outflow
obstruction.33,34 Cannulation of the descending aorta, in addition
to continuous low-flow body perfusion, was defined as an effective
method for visceral protection.2 Only a few studies have had prom-
ising results in the last ten years with regard to the efficiency of
double aortic cannulation.15,35 Specifically, the Norwood pro-
cedure has been related to ensuring perfusion throughout the body
with double aortic cannulation during surgery, avoiding deep
hypothermia, reducing the duration of cardiopulmonary bypass
and myocardium, and better postoperative hemodynamic results.
It has also been found to be beneficial for postoperative kidney dys-
function and capillary leak.36

Rajagopal et al34 suggested a lower incidence of acute kidney
injury during aortic arch repair in neonates when compared to their
control group. In neonates who had aortic arch reconstruction, those
who had only regional cerebral perfusion and those who hadmultisite
perfusion were compared. Visceral perfusion was performed through
the femoral or umbilical artery. In this study, while the incidence of
acute kidney injury was 8% in patients who underwent multisite

perfusion, it was found to be 50% in patients who underwent regional
cerebral perfusion. Although this is a good outcome, the number of
patients in the studywas low. In the study ofHammel et al,4 in 2013, it
was reported that multisite arterial perfusion reduced the incidence of
acute kidney injury and postoperative volume overload in neonates.
In 2019, Kulyabin et al37 reported this technique was preferred to
provide distal perfusion in the presence of ductus-dependent systemic
circulation, especially in children with renal anomaly or dysfunction.
In our study, there was no surgical complication due to descending
cannulation. As a result, it is accepted as a reliable technique when
applied by experienced people in accordance with the literature.

In our clinic, the standpoint of performing double aortic cannu-
lation is dominant in patients in whom complex surgery is selected
and the duration of cardiopulmonary bypass will be long. In this
study, the Norwood Stage 1 procedure was applied to all of the
patients in the univentricular group who had a diagnosis of hypo-
plastic left heart syndrome. On the other hand, patients in the biven-
tricular group were operated on due to hypoplastic arch. Double
aortic cannulation was not applied to those in Group 2B, since they
did not have any intracardiac anomaly and were older than 1 year.

The number of Kidney Disease Improving Global Outcomes
stage ≥1 patients who had delayed sternal closure was higher in

Table 1. Demographic data

Group 1 (n= 27) Group 2A (n= 31) Group 2B (n= 16) p

Age (month) Mean±SD 2.00 ± 2.92 0.70 ± 1.44 2.19 ± 2.99 3.76 ± 3.72 a0.001**

Median (min–max) 0.4 (0.03–13) 0.23 (0.03–7) 1 (0.1–13) 2.5 (0.3–11)

Weight (kg) Mean±SD 4.29 ± 3.11 3.53 ± 0.84 4.06 ± 1.53 6.03 ± 6.08 b0.011*

Median (min–max) 3.60 (2.6–28) 3.3 (2.8–7) 3.4 (2.6–10.5) 4 (2.7–28)

X-clamp time Meant±SD 83.50 ± 55.58 83.41 ± 40.42 78.83 ± 63.02 57.88 ± 39.82 a0.215

Median (min–max) 80 (0–272) 90 (0–144) 66 (0–272) 63.5 (0–120)

ICU stay Mean±SD 14.26 ± 13.76 18.07 ± 18.54 10.71 ± 8.83 14.69 ± 10.82 b0.387

Median (min–max) 10 (0–66) 10 (0–66) 9 (1–34) 11 (3–43)

Hospital stay Mean±SD 18.22 ± 14.54 20.00 ± 19.76 15.45 ± 8.81 20.56 ± 13.05 b0.492

Median (min–max) 14 (0–66) 12 (0–66) 14 (5–36) 15 (7–51)

Duration of mechanical ventilation Meant±SD 13.11 ± 15.92 5.29 ± 7.56 5.70 ± 7.20 a0.054

Median (min–max) 8 (0–66) 2 (0.2–30) 2.5 (0.41–26)

Delayed sternal closure (%) (−) 3 (11.1) 20 (64.5) 15 (93.8) b0.001**

(þ) 24 (88.9) 11 (35.5) 1 (6.3)

Peritoneal dialysis (%) (−) 2 (7.4) 16 (51.6) 13 (81.3) b0.001**

(þ) 25 (92.6) 15 (48.4) 3 (18.8)

KDIGO stage, n (%) Stage 0 24 (32.4) 2 (7.4) 12 (38.7) 10 (62.5) c0.001**

Stage≥ 1 50 (67.6) 25 (92.6) 19 (61.3) 6(37.5)

RACHS-1 score (%) 6 (100) 4 (100) 4 (100)

ACC score Mean±SD 20.5 10.12 ± 3.06 7.98 ± 1.84

Aristoteles complexity category Mean±SD 2.40 ± 0.85 2.15 ± 0.40

DAC, n (%) (−) 16 (21.6) 0 16 (34.1)

(þ) 58 (78.4) 27 (100) 31 (65.9)

ACC: Aristotle’s comprehensive complexity; DAC: Double aortic cannulation; KDIGO: Kidney Disease Improving Global Outcomes.
aKruskal Wallis Test.
bMann–Whitney U-test.
cChi-square test.
*p< 0.05.
**p< 0.01.

Cardiology in the Young 735

https://doi.org/10.1017/S1047951122001627 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951122001627


the univentricular group. This was considered to be related with a
patient age <1 month, the presence of complex surgery, and the
patient profile.

Hyperlactatemia is accepted as a sensitive marker.38 Although
not specific, an increase or change in the lactate level during
cardiopulmonary bypass might be a marker of regional hypoper-
fusion or increased metabolic demand.39,40 Although high lactate
levels in the postoperative period are related with low cardiac
output,41 organsmost likely to produce lactate in response to hypo-
perfusion or reduced oxygen extraction include the brain, gut,
liver, kidneys, and skeletal muscle.39,40

Munoz et al38 reported that an increase in the lactate level dur-
ing cardiopulmonary bypass can be an early indicator for

determining postoperative results and is related to surgical com-
plexity. Although it was suggested to determine the predictive level
of lactate using serial measurements,41 Hatherill et al found that the
presence of a lactate level >6 mg/dL in the postoperative initial
blood gas measurement of patients was suggested to be a risk fac-
tor42 Similarly, Shemie43 and Duke et al44 determined that the level
of lactate was an indicator of a complicated postoperative period.

The most commonly used parameter in the diagnosis of renal
dysfunction is the serum creatinine level. However, it is a late indi-
cator since it is thought that more than 50% of kidney function is
lost when it starts to rise.45,46 In addition, the serum creatinine level
is a non-specific parameter, as it is related to age, gender, muscle
mass, muscle metabolism, and hydration status.47 However, it was

Table 2. Comparison of preoperative and postoperative lactate, urea, and creatinine values by groups

Group 1 Group 2A Group 2B p

Lactate-before CPB Mean±SD 7.37 ± 5.58 2.21 ± 1.41 2.52 ± 2.93 a0.001**

Median (Min–max) 6.1 (1.9–28) 1.6 (0.8–5) 1.6 (0.5–12.8)

Lactate-after CPB Mean±SD 14.53 ± 6.67 6.37 ± 3.46 6.69 ± 3.73 a0.001**

Median (min–max) 12.4 (4–30) 5.4 (2.5–17) 5.4 (3.1–18)

Lactate-postoperative 6th hour Meant±SD 17.16 ± 10.84 8.28 ± 7.84 5.98 ± 6.2 a0.001**

Median (min–max) 15.3 (3.6–42) 5.3 (1.2–27) 4.3 (1.2–21)

Lactate-postoperative 12th hour Mean±SD 12.28 ± 8.78 9.4 ± 10.36 4.27 ± 6.27 a0.001**

Median (min–max) 8.7 (2.3–28) 3.4 (1–30) 1.9 (1–22)

Lactate-postoperative 1st day Mean±SD 10.31 ± 10.61 7.16 ± 8.89 2.81 ± 3.59 a0.001**

Median (min–max) 4.7 (2.2–34) 2.4 (0.9–30) 1.8 (0.7–15)

Lactate-postoperative 2nd day Mean±SD 6.96 ± 7.35 8.0 ± 9.34 2.35 ± 1.82 a0.003**

Median (min–max) 3.9 (1.6–30) 2.9 (1.1–30) 1.7 (0.9–7.6)

Lactate-postoperative 3rd day Mean±SD 7.62 ± 8.61 8.05 ± 10.51 2.23 ± 2.32 a0.006**

Median (min–max) 3.5 (1.4–30) 1.9 (0.9–30) 1.5 (0.7–10.2)

Preoperative urea Mean±SD 31.55 ± 13.59 23.23 ± 20.00 36.18 ± 40.19 a0.006**

Median (min–max) 28.44 (7.99–57) 15.3 (7.05–97.32) 23.3 (11.2–180.91)

Postoperative 6th-hour urea Mean±SD 39.14 ± 15.11 28.2 ± 16.65 43.06 ± 43.8 a0.009**

Median (min–max) 36.83 (14.5–73.3) 26.1 (7.76–91.19) 33 (14.41–202.34)

Postoperative 1st-day urea Mean±SD 53.84 ± 21.89 39.72 ± 18.26 48.55 ± 48.63 a0.033*

Median (min–max) 47.4 (18.83–92.88) 33.5 (10.46–83.07) 36.6 (12.8–223.37)

Postoperative 2nd-day urea Mean±SD 62.32 ± 26.08 47.11 ± 23.39 45.7 ± 42.88 a0.020*

Median (min–max) 55.62 (24.3–11.5) 44.8 (11.49–102.14) 36.4 (11.03–196.58)

Preoperative creatinine Mean±SD 0.78 ± 0.35 0.64 ± 1.15 0.55 ± 0.97 a0.001**

Median (min–max) 0.7 (0.22–1.78) 0.4 (0.2–6.73) 0.33 (0.15–6.73)

Postoperative 6th-hour creatinine Mean±SD 0.94 ± 0.35 0.64 ± 0.54 0.54 ± 0.4 a0.001**

Median (min–max) 0.96 (0.36–1.55) 0.5 (0.21–3.2) 0.4 (0.16–1.87)

Postoperative 1st-day creatinine Mean±SD 1.11 ± 0.43 0.77 ± 0.4 0.52 ± 0.4 a0.001**

Median (min–max) 1.08 (0.56–1.98) 0.7 (0.25–1.84) 0.4 (0.14–1.79)

Postoperative 2nd-day creatinine Mean±SD 1.28 ± 0.6 0.9 ± 0.53 0.48 ± 0.34 a0.001**

Median (min–max) 1.1 (0.51–2.35) 0.8 (0.16–2.11) 0.4 (0.13–1.6)

CPB: Cardiopulmonary bypass.
aKruskal Wallis Test.
*p< 0.05.
**p< 0.01.
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shown to be correlated with renal dysfunction.48 In newborns, pre-
operative residual maternal creatinine can be present. This creati-
nine decreases with the effect of cardiopulmonary bypass and may
lead to the underestimation of postoperative renal dysfunction. In
such cases, it has been suggested that the aprotinin level can be
measured to demonstrate independent renal damage.49 An
increase in the serum creatinine value, at a rate of 10–24%, was
found to be related with mortality.50 Haase et al51 reported that
there was no relationship between postoperative creatinine eleva-
tion and adverse effects in patients with an acute kidney injury
diagnosis.

In the study of Kreuzer et al5 in 2018, the effect of the perfusion
strategy was evaluated in patients with double aortic cannulation in

addition to an evaluation of the patients in terms of their postop-
erative lactate levels and the need for peritoneal dialysis. In their
study, the 6-hour postoperative lactate values were higher in the
univentricular group, and no difference was determined in terms
of the cross-clamp duration, age, and body weight. As the kidney is
the most fragile organ against hypoperfusion, it has been suggested
that perioperative and postoperative serum creatinine levels may
be significant. Low body weight, advanced age, and univentricular
physiology were found to be associated with the postoperative cre-
atinine level, while cross-clamping, the cardiopulmonary bypass
duration, and advanced age were not.

In the current study, the urea, creatinine, and lactate values of
the patients weremeasured serially. The postoperative lactate, urea,

Table 3. Comparison of perioperative values with double aortic cannulation in the biventricular group

Group 2 Group 2A (n= 16) Group 2B (n= 31) p

Lactate-before CPB Mean±SD 2.52 ± 2.93 2.20 ± 1.41 b0.574

Median (min–max) 1.55 (0.5–12.8) 1.6 (0.8–5)

Lactate-after CPB Mean±SD 6.69 ± 3.73 6.37 ± 3.46 a0.782

Median (min–max) 5.4 (3.1–18) 5.4 (2.5–17)

Lactate-postoperative 6th hour Mean±SD 5.98 ± 6.2 8.28 ± 7.84 b0.302

Median (min–max) 4.3 (1.2–21) 5.3 (1.2–27)

Lactate-postoperative 12th hour Mean±SD 4.27 ± 6.27 9.40 ± 10.36 b0.021*

Median (min–max) 1.85 (1–22) 3.4 (1–30)

Lactate-postoperative 1st day Mean±SD 2.81 ± 3.59 7.16 ± 8.89 b0.037*

Median (min–max) 1.8 (0.7–15) 2.4 (0.9–30)

Lactate-postoperative 2nd day Mean±SD 2.35 ± 1.82 8.00 ± 9.34 b0.010*

Median (min–max) 1.65 (0.9–7.6) 2.9 (1.1–30)

Lactate-postoperative 3rd day Mean±SD 2.23 ± 2.32 8.05 ± 10.51 b0.090

Median (min–max) 1.5 (0.7–10.2) 1.9 (0.9–30)

Preoperative urea Mean±SD 36.18 ± 40.19 23.23 ± 20.00 b0.031*

Median (min–max) 23.27 (11.2–180.91) 15.25 (7.05–97.32)

Postoperative 6th-hour urea Mean±SD 43.06 ± 43.8 28.2 ± 16.65 b0.076

Median (min–max) 33 (14.41–202.34) 26.13 (7.76–91.19)

Postoperative 1st-day urea Mean±SD 48.55 ± 48.63 39.72 ± 18.26 b0.890

Median (min–max) 36.62 (12.8–223.37) 33.51 (10.46–83.07)

Postoperative 2nd-day urea Mean±SD 45.7 ± 42.88 47.11 ± 23.39 b0.308

Median (min–max) 36.4 (11.03–196.58) 44.76 (11.49–102.14)

Preoperative creatinine Mean±SD 0.39 ± 0.41 0.64 ± 1.15 b0.036*

Median (min–max) 0.26 (0.15–1.85) 0.38 (0.2–6.73)

Postoperative 6th-hour creatinine Mean±SD 0.54 ± 0.4 0.64 ± 0.54 b0.204

Median (min–max) 0.41 (0.16–1.87) 0.52 (0.21–3.2)

Postoperative 1st-day creatinine Mean±SD 0.52 ± 0.4 0.77 ± 0.4 b0.006**

Median (min–max) 0.42 (0.14–1.79) 0.72 (0.25–1.84)

Postoperative 2nd-day creatinine Mean±SD 0.48 ± 0.34 0.9 ± 0.53 b0.003**

Median (min–max) 0.4 (0.13–1.6) 0.84 (0.16–2.11)

CPB: Cardiopulmonary bypass.
aStudent t Test.
bMann–Whitney U-test.
*p< 0.05.
**p< 0.01.
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and creatinine values in the univentricular group patients were sig-
nificantly higher than in the Group 2A and 2B. This result was
associated with the high preoperative values of the patients
(Table 2). It was aimed to separately evaluate the patients in the
Group 2 according to their perfusion strategies, but no difference
in the postoperative lactate values was present in the patients that
underwent double aortic cannulation when compared to those
who did not. Preoperative urea creatinine elevation was found
to be associated with the postoperative results in this patient group
(Table 3). Consistent with the literature, high preoperative lactate,
urea, and creatinine levels were found to be risk factors for post-
operative renal dysfunction.

Renal replacement therapy is required in 1–17% of patients
who develop acute kidney injury after congenital heart sur-
gery.52 Peritoneal dialysis is still preferred for acute renal
replacement treatment in newborn and early childhood patients
with renal dysfunction because it is simple and reliable.
Cannulation of the large vessels and systemic anticoagulation
is not necessary, which helps to avoid the ischaemic and
embolic complications of extracorporeal techniques.53,54

Indications for peritoneal dialysis after cardiac surgery include
hypervolemia, positive volume balance, oliguria, anuria lasting
longer than 4 hours and not responding to medical treatment,
and hyperkalemia.41

Table 4. Evaluation of lactate, urea, and creatinine levels by peritoneal dialysis

Peritoneal dialysis

p(−) (n= 31) (þ) (n= 43)

Lactate-before CPB Ort±Ss 1.7 ± 0.98 5.93 ± 5.09 b0.001**

Medyan (min–max) 1.4 (0.5–4.7) 4.8 (0.9–28)

Lactate-after CPB Ort±Ss 6.02 ± 2.85 11.87 ± 6.86 a0.001**

Medyan (min–max) 5.2 (2.9–16) 9.9 (2.5–30)

Lactate-postoperative 6th hour Ort±Ss 4.97 ± 4.94 14.84 ± 10.31 b0.001**

Medyan (min–max) 4 (1.2–27) 14.3 (1.2–42)

Lactate-postoperative 12th hour Ort±Ss 3.98 ± 5.93 12.8 ± 9.7 b0.001**

Medyan (min–max) 2.1 (1–29) 8.7 (1–30)

Lactate-postoperative 1st day Ort±Ss 2.73 ± 4.9 10.22 ± 9.84 b0.001**

Medyan (min–max) 1.8 (0.7–27) 5.7 (0.9–34)

Lactate-postoperative 2nd day Ort±Ss 2.64 ± 2.93 8.81 ± 9 b0.001**

Medyan (min–max) 1.7 (0.9–16) 4.6 (1.1–30)

Lactate-postoperative 3rd day Ort±Ss 2.38 ± 3.75 9.33 ± 10.13 b0.001**

Medyan (min–max) 1.5 (0.7–20) 4.6 (0.9–30)

Preoperative urea Ort±Ss 19.97 ± 9.65 35.62 ± 29.21 b0.001**

Medyan (min–max) 18 (7.05–41.73) 28.37 (7.99–180.91)

Postoperative 6th-hour urea Ort±Ss 27.07 ± 10.5 41.47 ± 30.73 b0.005**

Medyan (min–max) 26.09 (7.92–52.47) 35.62 (7.76–202.34)

Postoperative 1st-day urea Ort±Ss 37.86 ± 16.08 52.69 ± 35.15 b0.023*

Medyan (min–max) 33 (12.8–84.35) 45.43 (10.46–223.37)

Postoperative 2nd-day urea Ort±Ss 39.26 ± 21.09 60.7 ± 33.14 b0.002**

Medyan (min–max) 36.4 (11.03–101.36) 49.63 (22.34–196.58)

Preoperative creatinine Ort±Ss 0.31 ± 0.12 0.87 ± 0.99 b0.001**

Medyan (min–max) 0.28 (0.15–0.61) 0.69 (0.21–6.73)

Postoperative 6th-hour creatinine Ort±Ss 0.45 ± 0.16 0.92 ± 0.53 b0.001**

Medyan (min–max) 0.43 (0.16–0.78) 0.87 (0.24–3.2)

Postoperative 1st-day creatinine Ort±Ss 0.51 ± 0.23 1.06 ± 0.46 b0.001**

Medyan (min–max) 0.48 (0.14–1.04) 0.96 (0.24–1.98)

Postoperative 2nd-day creatinine Ort±Ss 0.48 ± 0.24 1.24 ± 0.56 b0.001**

Medyan (min–max) 0.47 (0.13–1.02) 1.1 (0.32–2.35)

CPB: Cardiopulmonary bypass.
aStudent’s t-test.
bMann–Whitney U-test.
*p< 0.05.
**p < 0.01.
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As there is no standard definition for acute kidney injury, no
consensus is present for the timing of first renal replacement. In
2007, Palevsky55 used blood urea nitrogen levels to determine
the time of renal replacement. In their study, better results were
obtained if renal replacement therapy was started when the
BUN level was <73 mg/dL. It was suggested in the literature that
paediatric fluid overload can be an independent risk factor for
morbidity and mortality instead of the BUN level.56

Volume overload after heart surgery is frequent and multifac-
torial. Hazle et al57 related volume overload with late sternal clo-
sure. Seguin et al58 found it to be associated with long-term
ventilation and high pressure requirement and infection in the
early postoperative period. In another study, peritoneal dialysis
was suggested in order to decrease pulmonary complications as
the result of volume overload.59 On the other hand, Dittrich
et al60 suggested that starting early peritoneal dialysis decreases
morbidity and mortality. For this reason, it is practised in many
centres to insert the dialysis catheter in the operating room and
start it on the 1st postoperative day. Because, especially in those
with cardiopulmonary bypass time 150 minutes and more, early
peritoneal dialysis positively affects the survival.61

In our clinic, it is preferred to insert a peritoneal dialysis cath-
eter on the operating table, because the duration of cardiopulmo-
nary bypass is longer in patients with single ventricular physiology
who are <1 month. In this group of patients, volume overload
should be prevented before hemodynamic instability occurs.
Peritoneal dialysis is also applied in patients with volume overload
that do not respond to medical treatment and in the presence of
oliguria and anuria, progressive urea, and increased creatinine val-
ues. The parameters of patients with postoperative peritoneal
dialysis were also compared herein (Table 4). According to this,
the elevation of the lactate, urea, and creatinine levels in the pre-
operative and postoperative periods is directly related to the need
for peritoneal dialysis (p < 0.01).

Conclusion

Double aortic cannulation is a safe technique when applied by an
experienced team. Especially in the risk group for renal dysfunc-
tion, neonatal, single ventricular physiology, and its application
during complex surgery are recommended in literature. It can
be preferred in critical patients where the perfusion of the lower
half of the body cannot be achieved through PDA. Although no
statistically significant difference was found in the patients who
underwent double aortic cannulation in our study, the same opin-
ion prevails.
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