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INTRODUCTION  
 
Urotensin-II (U-II) is a vasoactive peptide which has been highly conserved throughout evolution. 

U-II has been described as the most potent vasoconstrictor yet identified.[1] The identification in 

humans of immune reactive U-II in plasma, the U-II receptor, and U-II expression in the 

myocardium, arterial system and kidney;[1][2] and elevation of U-II in important disease states such 

as hypertension[3] and congestive heart failure[4] suggest that U-II may be an important mediator in 

the regulation of cardiovascular function.  

U-II has never been investigated in children with congenital heart disease (CHD), and in those 

undergoing cardiac surgery requiring cardiopulmonary bypass (CPB). The aims of this study were 

twofold. First, we compared plasma U-II in children with CHD with levels in healthy children; 

second, we examined the 24-hour profile of U-II in children undergoing open heart surgery. 

PATIENTS AND METHODS 

Forty children undergoing surgery for CHD were recruited, of whom 20 had low or normal 

preoperative pulmonary blood flow (LNF group; undergoing valve repairs, relief of outflow tract 

obstruction, tetralogy of Fallot repair, Fontan operations, arterial switch operation), and 20 had high 

pre-operative pulmonary blood flow (HF group; undergoing closure of septal defects). In the HF 

patients, pre-operative angiotensin-converting enzyme inhibitors were used in 5, diuretics in 7, and 

digoxin – in 1 child. Seventeen of the CHD children underwent modified ultrafiltration (MUF) after 

CPB, according to institutional protocols. Twenty children without cardiopulmonary or renal disease 

who were undergoing day-case surgical procedures were also recruited for the study (controls).   

Study protocol 

In controls, a single blood sample was taken after induction of anaesthesia. In CHD patients, 

samples were taken after induction of anaesthesia (baseline), after cross-clamp removal, and at 4, 8 
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and 24 hours after CPB. Samples were centrifuged, and supernatant plasma was stored at -800 C. U-

II was measured by radio-immune assay as previously described [7] 

Statistical analysis 

Within group data were compared using ANOVA for repeated measures, using the Bonferroni 

method for post hoc analysis. Between group data were compared using the Student t-test, or the 

Mann-Whitney rank sum test. Correlations were analysed with Spearman rank correlation 

coefficient. Values are expressed as mean +/- standard deviation, or median(absolute range). 

RESULTS 

Baseline Data (Table 1) 

The median age of controls was greater than those with CHD. Baseline U-II in children with CHD 

was higher than in controls (p<0.001). There was no correlation between age and U-II in controls 

(P=0.8), and U-II was negatively correlated with age in children with CHD (r= -0.37, p=0.02). 

When controls were age-matched with children with CHD, U-II was greater in those with CHD 

(2.09(0.72)pmol/L for age-matched CHD patients and 0.85(0.39)pmol/L for controls, p<0.001). 

Twenty-four hour profile of U-II in CHD Group (Fig 1) 

In all CHD patients, U-II increased early after CPB, peaked at 4 hours, then fell to levels below 

baseline at 24 hours. 

Influence of Modified Ultrafiltration(MUF) in CHD Group 

MUF did not influence U-II. U-II at 4 hours was 2.83(0.79)pmol/L for MUF patients, and 2.79(0.8) 

pmol/L for non-MUF patients (p=0.87); and at 24 hours was 1.6(0.66)pmol/L and 1.7(0.58)pmol/L 

for MUF and non-MUF patients respectively (p=0.74). 
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Pre-operative pulmonary flow and U-II  

Pre-operative oxygen saturations were lower in the LNF than HF group and were negatively 

correlated with baseline U-II (r= -0.421, p=0.008). U-II was higher in the LNF patients at all time-

points, and LNF patients required longer CPB than HF patients (p=0.002, Table 1). 

DISCUSSION 

In this study, which is the first to investigate immune reactive U-II in children with CHD, we have 

reported three important findings. First, we have shown that U-II is elevated in children with CHD; 

second – that surgery with CPB results in an early increase in U-II, which is not affected by MUF; 

and finally – that U-II is higher in patients with cyanotic CHD than in those with CHD and normal 

saturations.  

The recent identification of the human U-II isoform, its receptor (UT), and expression of its pre-pro 

peptide mRNA[1] have generated considerable interest in a possible role of U-II in the 

pathophysiology of cardiovascular disease. Douglas and colleagues showed that myocardial U-II 

expression, and UT receptor expression is increased in congestive cardiac failure, and that 

expression is proportional to the degree of left ventricular dysfunction.[2] Richards, whose group 

have been pivotal in developing radio-immune assays to U-II, demonstrated elevated levels in 

severe heart failure.[4]  

In our study, baseline U-II in CHD children was more than double that of controls. Lower pre-

operative oxygen saturations were associated with higher U-II; and U-II was higher at all time points 

in children with LNF than in children with HF lesions. In a model of pulmonary hypertension 

secondary to chronic hypoxia, the U-II content of right ventricular myocardium almost doubled, and 

that of the left ventricle increased by one third.[5] The association between cyanosis and U-II has 
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not previously been explored in humans, but future studies will address myocardial U-II expression 

in children with cyanotic, and non-cyanotic CHD. 

U-II levels were elevated in all children early after CPB; with a characteristic peak at 4 hours and 

levels falling to below baseline after 24 hours. The mechanism underlying this rise, and its 

significance are uncertain, but three recent laboratory investigations have revealed important axes 

through which U-II may influence the cardiovascular dysfunction which typically occurs in the first 

12 hours after paediatric CPB. First, U-II activates mitogen-activated protein kinases (MAPK),[6] 

which play a role in the genesis of changes in vascular permeability, cytokine production, vasomotor 

function, and reperfusion injury; all of which accompany CPB. Second, changes in MAPK pathways 

have also been shown to mediate coronary microcirculatory dysfunction after CPB.[7] Finally, there 

is evidence to suggest U-II stimulates interleukin-6 expression from UT-expressing 

cardiomyocytes.[8]  

We were interested to find that MUF did not influence U-II. MUF has previously been shown to 

lower levels of endothelin-1, and other inflammatory mediators early after CPB[9]. Although MUF 

may mitigate some of the bypass-related cardiovascular dysfunction after CPB, this is not a panacea, 

and our findings may point to an important role of U-II in this phenomenon.  

Our study has shown that the pathways leading to the release of U-II are activated in children with 

CHD, and are further stimulated by CPB. Further studies examining the tissue expression of U-II in 

children with CHD, and in models of CPB, will give us a better understanding of the mechanisms 

underlying the release of U-II.   
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CONCLUSION 

Plasma Urotensin-II is elevated in children with CHD, and levels increase further early after CPB. 

Although its exact role is still not established in this population, U-II may be an important mediator 

in the cardiovascular dysfunction which affects children with CHD early after CPB. 
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TABLE 1    Baseline Details for Participants in the Study  

 

 

All CHD  

(n=39) HF (n=19) LNF  (n=20) 

P              

(HF Vs LNF) 

Controls 

(n=20) 

P (CHD           

Vs Controls) 

Age mths 

15.9             

(0.16 - 152.7) 

18.6            

(0.89 -151.5) 

14.8            

(0.16 - 152.7) 0.978 

60             

(16.7 - 188) <0.001 

Pre-op O2  sats  

% 

98              

(61 - 100) 

100             

(94 - 100) 

89.5             

(61 - 99) <0.001 

99             

(95 - 100) 0.134 

Post-op (4hr) sats 

% 97.7 (4.4) 98.6 (2.1) 96.7 (5.8) 0.447   

Baseline U-II 

pmol/L 2.26 (0.81) 1.96 (0.76) 2.53 (0.79) 0.031 0.85 (0.39) <0.001 

CPB time  

mins  

114             

(54 - 288) 

87              

(54 - 281) 

136             

(68 - 288) 0.002   

X clamp time- 

mins 

69              

(0 - 224) 

53              

(24 - 213) 

85.5             

(0 – 224) 0.077   

Legend to Table 1: Data for U-II levels are expressed as mean (SD), other data are expressed as median (absolute range). O2 sats – 

oxygen saturations; CPB – cardiopulmonary bypass; X-Clamp – Aortic cross-clamp; HF – High pre-operative pulmonary blood flow; 

LNF – low / normal pre-operative pulmonary blood flow; CHD – congenital heart disease. 
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FIGURE LEGEND 
 
FIGURE 1 24-hour Profile of U-II in children with Congenital Heart Disease 
 

Legend to Fig. 1  

U-II levels at 4 hours after separation from cardiopulmonary bypass (CPB) were higher than 

baseline, and at 24 hours – were lower than baseline, for all children with congenital heart disease. 

At all time points, U-II was higher in children with low or normal pre-operative pulmonary flow 

(LNF) than in children with high flow (HF). 
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