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ABSTRACT

Background: Hypertension develops at a rate of 33% to 
70% after coronary artery bypass grafting (CABG) opera-
tions. One of the most commonly used drugs to control 
hypertension is sodium nitroprusside (SNP). Additionally, 
renalase enzyme destroys catecholamines and mediates the 
regulation (reduction) of blood pressure. Thus, this clinical 
study aims to reveal how renalase, catecholamines, and nitric 
oxide (NO) change and how certain hemodynamic parame-
ters are affected in randomly and prospectively selected indi-
viduals who are administered SNP for the treatment of blood 
pressure elevation within 6 to 8 hours after CABG surgery. 

Methods: The study included 26 patients who developed 
hypertension after CABG, 12 patients who had normal blood 
pressure after CABG, and 22 healthy individuals. Renalase 
and catecholamine levels of the patients were measured by 
using ELISA method and NO levels were determined by 
spectrophotometry. 

Results: Renalase and NO levels of the patients who devel-
oped hypertension after CABG were found to be statistically 
significantly lower than those of healthy controls and patients 
who did not develop hypertension after CABG, although 
catecholamine levels were significantly higher in the former. 
After SNP was started, renalase and NO levels increased, 
and a significant decrease was observed in the catecholamine 
levels. Additionally, administration of SNP produced a slight 
increase in the heart rate and a decrease in systolic arterial 
pressure (SAP), diastolic arterial pressure (DAP), and mean 
arterial pressure (MAP). 

Conclusion: SNP elevates NO and renalase levels; thus, 
administration of renalase preparations, which act in the 

destruction of catecholamines to contain persistent hyperten-
sion that develops in association with catecholamine elevation 
after CABG surgery, along with SNP and other medications 
used to lower blood pressure can be an effective therapeutic 
method to control hypertension.

INTRODUCTION

Coronary arteries that supply blood to the heart can 
narrow down or be blocked because of numerous risk factors 
over time, and this condition is corrected by coronary artery 
bypass grafting (CABG) operation [Aydin 2013]. One of the 
most common complications encountered in this surgery is 
hypertension that develops at about a rate of 33% to 70% 
during the early postoperative period [Whelton 1980]. This 
hypertensive condition developing in the early postoperative 
period is attributed primarily to elevated epinephrine and nor-
epinephrine levels [Sealy 1967]. Besides epinephrine and nor-
epinephrine, humoral factors such as increased plasma renin 
activation (RAA), and autonomous reflexes are involved in 
the etiology of vasoconstriction [Kobori 2007]. Additionally, 
temporary hypertension may occur as the depth of anesthe-
sia increases during the operation and when awareness starts 
to come back after anesthesia [Momota 2010]. After CABG, 
hypertension may arise in association with increased adren-
ergic activity [de Champlain 1990], unawareness caused by 
anesthesia, hypothermia, and painful stimuli [Musizza 2010]. 
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Table 1. Comparison of Mean Hemodynamic Parameters 
CABG Patients with and without Hypertension Developed 
after CABG 

Parameters* Normal Tension Hypertension

CVP (mmHg) 7.9 ± 1.1 8.2 ± 1.3

MAP (mmHg) 87 ± 7.2 93 ± 6.8

MPAP (mmHg) 23 ± 2.1 24 ± 1.9

HR (time/min) 86 ± 2.1 97 ± 3.4†

*CVP, central venous pressure; MAP, mean arterial pressure; MPAP, mean 
pulmonary arterial pressure; HR, heart rate. 
†P < .05 compared with and without hypertension developed after CABG.
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Furthermore, hypertension developing after CABG operation 
was reported to be related to increased systemic vascular resis-
tance (SVR = mean arterial pressure [MAP] – central venous 
pressure [CVP] × 80/cardiac output [CO]) in the presence of 
almost normal CO [Whelton 1980; Lomivorotov 2017].

In addition to all these, hypertension seen in the post-
CABG operation might be associated with the amounts 
of renalase secreted by kidneys [Xu 2005]. This is because 
renalase, with a molecular weight of 38 kD and its gene loca-
tion on the 10th chromosome (q.23.33), is a flavin adenine 
dinucleotide (FAD)-dependent monoamine oxidase and 
metabolizes catecholamines (dopamine, epinephrine, and 
norepinephrine) [Xu 2005; Hennebry 2010]. Regulating the 
myocardial contractility, heart rate (HR), and the tonus of 
resistance vessels, catecholamines play a key role in the regu-
lation of blood pressure [Mannelli 1990]. It was reported that 
renalase amounts decreased in rats with induced ischemia/
reperfusion injury; and when the animals were administered 
renalase, circulating catecholamines were reduced, and blood 
pressure dropped significantly [Lee 2013; Zhao 2015]. Thus, 

renalase is an enzyme of central importance in the regula-
tion of blood pressure [Mannelli 1990; Xu 2005; Hennebry 
2010; Lee 2013; Zhao 2015]. Renalase is released to the blood 
primarily from the kidneys, and it is synthesized, to a lesser 
extent, in the heart, skeletal muscle, and small intestines [Xu 
2005; Hennebry 2010]. It was noted that there was a partial 
correlation between renalase quantities and hydrogen perox-
ide production, but a direct connection with superoxide pro-
duction [Wang 2014]. Hence, all the data suggest that examin-
ing the fate of the renalase enzyme may be of key importance 
in the etiopathophysiology of hypertension following CABG.

A number of agents are used in the treatment of hyperten-
sion that develops after (within the first 6 to 8 hours) CABG 
operation [Leslie 1994; Chobanian 2003; Varon 2008]. One 
of the most commonly used medications to address this 
hypertension problem following CABG surgery is sodium 
nitroprusside (SNP) [Friederich 1995; Gibson 2017]. Acting 
directly on the vessel smooth muscles, the drug dilates both 
arterioles and venules and hence lowers blood pressure. 
When it enters the smooth muscle cell, nitric oxide (NO) is 
produced, and this is the metabolite responsible for the phar-
macological effect of the drug [Gibson 2017].

Figure 2. Comparison of renalase, nitric oxide, dopamine, epinephrine, 
and norepinephrine levels between the group who developed hyperten-
sion after coronary bypass surgery (and was administered SNP within 
24 hours), the group who did not develop hypertension (and did not 
receive any administration), and the control group (not subjected to any 
procedure). *Healthy control. **Normal tension after CABG. ***Hy-
pertension developed after CABG. aP < .05 compared with and without 
hypertension developed after CABG.

Figure 1. Comparison of renalase, nitric oxide, dopamine, epinephrine, 
and norepinephrine levels of control and patients after 6-8 hours after 
coronary artery bypass grafting without any treatment. The difference 
between the patients who developed hypertension and those who did 
not and the control cases was statistically significant. *Healthy control. 
**Normal tension after CABG. ***Hypertension developed after 
CABG. aP < .05 compared with and without hypertension developed 
after CABG.

Figure 4. Comparison of renalase, nitric oxide, dopamine, epinephrine 
and norepinephrine levels between the group who developed hyperten-
sion after coronary bypass surgery (and was administered SNP within 
72 hours), the group who did not develop hypertension (and did not 
receive any administration), and the control group (not subjected to 
any procedure). aP < .05 compared with and without hypertension de-
veloped after CABG.

Figure 3. Comparison of renalase, nitric oxide, dopamine, epinephrine, 
and norepinephrine levels between the group who developed hyperten-
sion after coronary bypass surgery (and was administered SNP within 
48 hours), the group who did not develop hypertension (and did not 
receive any administration), and the control group (not subjected to 
any procedure). aP < .05 compared with and without hypertension de-
veloped after CABG.
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Based on the foregoing information, the aim of this study 
is examine and compare the effects of SNP (converted to 
NO), administered to lower the blood pressure in patients 
who develop hypertension within the first 6 to 8 hours after 
CABG operation, on the amounts of circulating NO, cate-
cholamines (epinephrine [catabolite, metanephrine], norepi-
nephrine [catabolite, normetanephrine], dopamine [precur-
sor of epinephrine and norepinephrine]), and the amounts 
of the renalase enzyme which is involved in epinephrine and 
norepinephrine destruction, as well as its positive and nega-
tive effects on hemodynamic parameters.

MATERIALS AND METHODS

This retrospective/prospective study was started after the 
approval (meeting number 14, issue no. 05, dated Oct. 26, 
2017) of the local ethics committee of the School of Medicine 
of Firat University and the informed consents of the patients 
were obtained. It registered 26 coronary artery bypass cases 
(18 males, 8 females) who developed hypertension in the 
early postoperative period, 12 coronary artery bypass cases (9 
males, 3 females) whose blood pressure was normal, and 22 
healthy individuals (15 males, 7 females) who presented at the 
hospital for their routine annual checkup and were found to 
be healthy. Patients who had a myocardial infarction (MI) in 
the last 6 months or had chronic ventricular arrhythmia, val-
vular heart disease, or marked renal hepatic dysfunction were 
not included in the study. Care was taken to make sure that 
the cases included in the study were similar in terms of age 
and body mass index. Patients whose MAP was >90 mmHg, 
systolic arterial pressure (SAP) was >140 mmHg, and HR 
ranged between 40 and 130 beats per minute despite sufficient 
analgesia and sedation, and who did not have a conduction 
abnormality such as second- or third-degree block, did not 
suffer from hypovolemia or blood loss, did not have marked 

hepatic failure, did not have ventricular arrhythmia, and had 
normal fluid and electrolyte balance and pulmonary functions 
were included in the study [Erturk 1998]. As reported ear-
lier, the main target in this study was to have MAP in the 80 
to 90 mmHg range and pulmonary capillary wedge pressure 
(PCWP) and CVP in the 0 to 5 mmHg ranges [Erturk 1998]. 
Blood samples of 5 mL were collected from control group 
cases once and put into plain biochemistry tubes and tubes 
containing 3 mL of heparin. From coronary artery bypass 
cases, samples of 5 mL were taken in the postoperative 6-8-
hour period, as well as at 24th, 48th, and 72nd postoperative 
hours, and put into plain biochemistry tubes and into tubes 
containing 3 mL heparin (green capped). The samples were 
centrifuged at 4000 rpm, and the sera and plasma were stored 
at –80oC until the time of analysis. All patients underwent 
the CABG operation through standard premedication, anes-
thesia, and bicaval, aortic cannulation [Lema 2009]. Patients 
who developed hypertension after coronary artery bypass 
operation were started on SNP at a dose of 0.5 ± 0.2 (µg/kg 
per minute) and administered a maintenance infusion dose of 
1.0 ± 0.1 (µg/kg per minute) [Erturk 1998]. The maximum 
SNP dose used was 1.9 ± 0.3 (µg/kg per minute). These doses 
were determined according to a previous study and routine 
administration principles. Factors that were considered in 
discontinuing the treatment were hypotension, normal blood 
pressure, surgical hemorrhage, insufficient efficiency, and side 
effects such as arrhythmia [Erturk 1998]. Patients who did 
not develop hypertension after coronary bypass surgery were 
not given any medication to control blood pressure, but were 
monitored only.

Analytical Measurements
Nitric Oxide (NO) Analysis. To quantify NO 

(micromol/L) , nitrate was reduced to nitrite in the pres-
ence of nitrate reductase enzyme, and the absorbance of the 

Table 2. Comparison of Certain Demographic and Preoperative Laboratory Variables of the Patients before CABG and Control

Parameters* Control (n = 22)† Normal Tension (n = 12)‡ Hypertension (n = 26)§

Gender (n/n [female/male]) 15/7 9/3 18/8

Group age (years) 68 ± 10.2 72 ± 13.2 72 ± 15.1

Body mass index (kg/m2) 26.7 ± 4.4 28.9 ± 6.8 29.1 ± 6.3

Systolic blood pressure (mmHg) 118 ± 9.4 128 ± 7.9 135 ± 9.9

Diastolic blood pressure (mmHg) 84 ± 8.3 89 ± 8.8 92 ± 7.9

Blood glucose (mg/dL) 94 ± 7.2 102 ± 8.8 96 ± 6.5

Sodium (mEq/L, mean ± SD) 141 ± 3.2 139 ± 2.9 143 ± 3.1

Potassium (mEq/L, mean ± SD) 4.68 ± 0.2 4.77 ± 0.3 4.62 ± 0.3

Uric acid (mg/dL, mean ± SD) 4.2 ± 1.2 4.5 ± 1.4 4.7 ± 1.4

Creatinine (mg/dL) 0.6 ± 0.1 1.1 ± 0.2 1.3 ± 0.2

*SD, standard deviation.
†Healthy control. 
‡Normal tension after CABG. 
§Hypertension developed after CABG.
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complex formed by the reaction between nitrite and sulfanil-
amide and N-ethylenediamine dihydrochloride was measured 
at 545 nm by spectrophotometry [Gayathri 1999; Naraya-
nai 2009]. Hemodynamic and biochemical parameters were 
obtained from the patients’ records. Details about the analy-
ses of hemodynamic parameters can be found in the article 
published earlier by our team [Aydin 2014].

Catecholamines and Renalase Analysis. Serum renalase 
(cat. no., 201-12-5371), dopamine (cat. no., 201-12-1302), 
epinephrine (metanephrine [MN], cat. no., 201-12-0980) 
were from SunRed Biological Technology Co. Ltd (Shang-
hai, China). Norepinephrine levels (cat. no., OPH1F2001) 
from Optima Tıbbi ve Kimyevi, Trade Ltd (Istanbul, Turkey) 
were established by using the ELISA method, as instructed 
in the producer company’s catalogue. It was noted in the 
company’s catalogue that the kit’s renalase detection range 
was 3-700 ng/mL, intra-assay value was <10%, and interas-
say value was <12%. Also, as stated by the kits’ producers, 
assay range was 8-2000 nmol/L for dopamine, 0.3-60 ng/
mL for epinephrine (MN), and 18-1000 pg/mL for norepi-
nephrine. As for intra- and interassay values of the kits as 
reported by the producers, intra-assay values were 10% for 
dopamine, 10% for norepinephrine, and 12% for norepi-
nephrine, whereas the interassay values were 12% for dopa-
mine, 12% for metanephrine, and 11% for norepinephrine.

Statistical Analyses. SPSS 21.0 for Windows (IBM, 
Armonk, NY, USA) software was used in all statistical anal-
yses. Data obtained in the study were expressed as mean ± 
standard deviation. Values of P < .05 were considered statis-
tically significant. Kruskal-Wallis one-way variance analy-
sis was employed in the comparison of parameters between 
groups. Dual comparisons between groups were con-
ducted by using Mann-Whitney U test. The correlations 
between group parameters were examined with Spearman  
correlation test.

RESULTS

During the SNP treatment, only 2 patients had hypoten-
sion, and there was not any other complication. Treatment 
of these 2 patients who developed hypotension was inter-
rupted for a short time and resumed after volume replace-
ment. When the patients were compared in terms of number 
of grafts used (2.9 ± 0.4), perfusion time (98.6 ± 9.3 min.), 
and aortic cross-clamp duration (57.6 ± 4.2 min.), there was 
not any difference between the patients who did and did 
not develop hypertension. Hemodynamic parameters of the 
patients who had and who did not have hypertension after 
coronary bypass operation are summarized in Table 1. Cer-
tain preoperative biochemical values in the coronary bypass 
patients who did and did not develop hypertension with con-
trol values are given in Table 2. Certain time-dependent post-
operative laboratory variables in the coronary bypass patients 
who did and did not develop hypertension with and without 
SNP treatment after coronary bypass surgery are presented 
in Table 3. SNP administration caused a statistically signifi-
cant drop in sodium (Table 3). Dopamine, epinephrine, and 
norepinephrine levels in the first 6th to 8th hours were sta-
tistically significantly higher in the patients who developed 
hypertension, in comparison to the levels in the control 
group, whereas NO value was slightly, but not statistically 
significantly higher, and renalase levels were statistically sig-
nificantly lower (Figure 1). After SNP was started, NO levels 
at 24th (Figure 2), 48th (Figure 3) and 72nd hours (Figure 4) 
showed a significant increase relative to the levels in the 6th 
to 8th hours (Figure 1), and a similar increase was observed in 
renalase levels. The increase in renalase levels, however, was 
not statistically significant at the 24th hour, but was found 
significant at the 48th and 72nd hours (Figures 2-4). Elevated 
renalase levels reduced catecholamines (dopamine, meta-
nephrine, and normetanephrine) statistically significantly at 
the 24th, 48th, and 72nd hours (Figures 2-4). Additionally, 
there was a positive linear correlation between renalase and 

Table 3. Comparison of Certain Time-Depended Postoperative Laboratory Variables in the CABG Patients Who Did and Did Not 
Develop Hypertension with and without SNP Treatment

Normal tension, times (hours)* Hypertension, times (hours)†

Parameters 6th-8th 24th 48th 72nd 6th-8th 24th 48th 72nd

Systolic blood pressure (mmHg) 125 128 118 126 162‡ 138 126 129

Diastolic blood pressure (mmHg) 89 87 88 85 109‡ 92 86 89

Blood glucose (mg/dL) 94 88 92 78 116 92 94 97

Sodium (mEq/L) 144 139 138 141 143 124‡ 121‡ 128‡

Potassium (mEq/L) 4.4 4.5 4.4 4.7 4.5 4.5 4.6 4.6

Uric acid (mg/dL) 4.1 3.9 4.2 4.4 4.2 4.2 4.4 4.1

Creatinine (mg/dL) 0.9 1.1 1.1 1.0 1.7‡ 1.5 1.3 1.3

*Normal tension after CABG without treatment SNP.
†Hypertension developed after CABG and treated with SNP
‡P < .05 compared with and without hypertension developed after CABG.
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NO levels in the hypertension patients who received SNP 
and a negative correlation between catecholamines and these 
2 parameters (renalase and NO). 

DISCUSSION 

Hypertension arising in the early period after CABG oper-
ation was first reported in the literature by Estafanous and 
colleagues in 1973 [Estafanous 1973] and remains a current 
problem. SNP, a drug that rapidly takes MAP under con-
trol, is commonly used in clinical practice for the treatment 
of hypertension developing in the early post-CABG period 
[Erturk 1998; Hottinger 2014]. The effect of the drug on left 
ventricular functions is established by monitoring left ven-
tricular stroke index (LVSWI), PCWP, CO, cardiac index 
(CI; CI = CO/body surface area [BSA]), and stroke volume 
(SV; SV = CO × 1000/HR) [Muralidhar 2002]. The pres-
ent study examined for the first time whether the renalase 
enzyme had a role in the etiopathology of hypertension devel-
oping in the early post-CABG period. Renalase is an enzyme 
that metabolizes dopamine, epinephrine, and norepinephrine 
[Xu 2005]. Previous studies showed a direct relation between 
hypertension in the early postoperative period and elevated 
epinephrine and norepinephrine levels [Kobori 2007; Sealy 
1967]. In this study, renalase enzyme levels in the first blood 
samples collected from the patients who developed postoper-
ative hypertension were found statistically significantly lower 
than those in the healthy controls. There was an inverse pro-
portion between reduced renalase levels and creatine; that is, 
as creatine levels increased, renalase levels decreased. Patients 
who developed hypertension in the first 6 to 8 postopera-
tive hours were put on SNP. Blood samples taken 24 hours 
after SNP administration was started showed higher renalase 
levels and partially lower creatine levels. These data suggest 
that CABG operation places a certain amount of burden on 
the kidneys and partially destroys the cells releasing renalase 
enzyme, resulting in a decrease in the renalase enzyme, which 
cannot be released from the cells in sufficient amounts. Then, 
either because SNP administration improves the renal func-
tions or the kidneys resume their functions over a period of 
about 16 hours, renalase levels in the samples collected at 
24th, 48th and 72nd hours are elevated. Elevated renalase 
may have mediated the lowering of blood pressure down to 
the normal range by metabolizing dopamine, epinephrine, 
and norepinephrine [Sealy 1967]. Stress is the major trigger 
of epinephrine secretion [Tilders 1985; Ranabir 2011]. Stress 
reaches the highest levels in all surgical interventions, includ-
ing the CABG surgery [Najmaii 2006]. In case of danger or 
physical exertion (in response to provocation), stored cat-
echolamines are freed through exocytosis [Telenius-Berg 
1987; Messan 2017]. Hypertension that is seen after CABG 
surgery may have resulted from the increased release of pro-
voked catecholamines or the statistically significant reduc-
tion in the renalase enzyme, as reported here, which destroys 
catecholamines. It was also found in this study that SNP 
administration caused a statistically significant rise in the HR. 
Three clinical studies conducted at the London Chest Hos-
pital, London, and the Maastricht Hospital, the Netherlands 

[Undenvood 1989; Lavvrence 1993], and the Cardiovascular 
Surgery Department of Dokuz Eylül University’s School of 
Medicine reported a marked increase in the HR with SNP 
administration [Ertuk, 1998].

The present study also showed that patients with hyper-
tension had lower sodium levels. This is thought to be caused 
by elevated catecholamine, and particularly, dopamine levels. 
As it is known, the proximal tube produces dopamine, which 
contributes to the regulation of sodium discharge [Takemoto 
1992; Wang 2009]. Once dopamine is released from the prox-
imal tube cells, it cannot reenter tubular cells [Wang 2009]; 
therefore, after the release, the intracellular enzymes mono-
amine oxidase (MAO) and catechol-O-methyltransferase 
(COMT) can no longer regulate dopamine. In consideration 
of the evidence about renalase and dopamine, it is obvious 
that renalase mediates the regulation of dopamine-dependent 
natriuresis and phosphaturia observed in 5/6-nephrectomized 
(5/6 Nx) and sham rats [Desir 2014; Sizova 2013]. Further-
more, a low-salt diet reduces the activity of aromatic L-amino 
acid decarboxylase (AADC) and inhibits renal dopamine 
synthesis and discharge; the opposite will take place in high-
salt conditions [Burns 1996]. In other words, high sodium 
increases dopamine synthesis and thus acts as a mediator in 
increasing the blood pressure [Quelhas-Santos 2013]. That is 
the reason why salt intake is restricted in patients who have 
sodium-mediated hypertension.

SNP, which is administered to take postoperative hyper-
tension under control, is NO mediated and lowers the blood 
pressure by dilating arterioles and venules [Grossi 2005]. 
Therefore, the present study also investigated the NO changes 
in the patients who were administered SNP to control post-
operative hypertension. Although NO levels in hypertensive 
patients before administration were lower, NO levels after 
SNP administration showed a time-dependent increase. This 
indicates that SNP initiates excessive release of NO from the 
entire endothelium, and because NO is a potent vasodilator, it 
lowers the blood pressure by decreasing SVR [Erturk 1998]. 
SNP, administered to take postoperative hypertension under 
control, and epinephrine affect the cardiovascular system and 
bring about an increase in the blood flow of striated muscles. 
Epinephrine also supplies the needed energy to the body in 
times of stress by inducing lipolysis in the adipose tissue, 
glycogenolysis in the muscles, and glycogenolysis and gluco-
neogenesis in the liver [Dufour 2009]. Hence, it is suggested 
that SNP, epinephrine, and renalase work closely to take high 
blood pressure under control.

In conclusion, although the low number of cases can 
be considered a limitation of the study, the data suggest 
that renalase measurement in cases with high blood pres-
sure resulting from elevated catecholamines after cardio-
pulmonary bypass might give an idea about catecholamine 
amounts. As circulating renalase levels increase, blood pres-
sure is lowered through reduced catecholamine levels. Also, 
the data reported for the first time in this study indicate that 
renalase preparations can be used in addition to SNP and 
other blood pressure–lowering (or the opposite in case of 
hypotension as recently reported [Aydin, 2018]) drugs to 
manage persistent postoperative hypertension in the future. 
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It was reported in a previous study that renalase adminis-
tration to cases reduced plasma epinephrine levels by 82%, 
L-DOPA levels by 63%, and dopamine levels by 31% and 
thus lowered blood pressure. 
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