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	REFEREE:	Reviewer	|	Revision	(0)

Dear	AE,	
The	English	were	good	and	the	article	is	fluently	written.	
But	please	reconsider	the	following	issues	and	make	them	correct;	
1.	In	the	abstract,	the	result	section,	it	has	been	stated	that	There	was	no	significant
relationship	between	the	administration	of	antibiotic	prophylaxis	and	mean	hospitalization
time	(P=0.04)	
while	in	the	result	it	has	been	said	that	Using	a	statistical	t-test	showed	that	the	average
duration	of	hospitalization	in	the	intensive	care	unit	in	patients	receiving	cefazolin	antibiotics
was	significantly	lower	than	those	who	did	not	receive	this	antibiotic	(p-value	=	0.047).
However,	ICU	stay	was	not	affected	by	other	prophylactic	antibiotics.	It	has	also	been
shown	that	the	mean	hospital	stay	was	significantly	higher	in	patients	receiving
ciprofloxacin	(p-value	=	0.049)	than	those	who	received	other	antibiotics.	Please	make	it
clear.	
2.	The	references	are	not	in	numerical	order	in	the	introduction.	E.g.	the	ref.	22	is	after
reference	number	7.	It	can	be	seen	in	the	following	several	other	references	(are	highlighted
in	text)	and	there	is	no	14	in	text.	
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3.	In	result	paragraph	2	it	has	been	said	that	Cefazolin	was	the	most	common	prophylactic
antibiotic	(46.5%)	while	Cefezoline	has	been	used	in	46.5+24+0.5%=	71%	of	patients.
Cefezolin	as	a	single	agent	was	used	in	46.5%.	This	should	be	corrected	
4.	In	table	2;	why	Old	age	(>70)	and	Morbid	obesity	do	not	have	any	values	in	their	related
cells?	
5.	Title	of	Table	6;	“Clinical	characteristics	of	mortality	patients”,	should	be	corrected.
“Mortality	patients”	is	wrong	
6.	There	is	a	problem	with	a	written	discussion.	The	results	are	only	compared	to	few	other
studies	with	mostly	the	same	outcomes	and	nothing	has	been	really	discussed.	
All	the	above-mentioned	points	are	highlighted	in	grey	in	the	main	text.	
Thanks.	

	REFEREE:	Reviewer	|	Revision	(0)

Dear	AE,	
There	are	some	comments	which	should	be	addressed	by	the	author:	
-	Plagiarism	is	not	detected	
-	Analysis	method	of	the	manuscript	is	good	
-	Results	is	accept	
-	Referencing	and	citations	is	correct.	
-	English	writing	is	proper.	
Thanks.	

	REFEREE:	Associate	Editor	|	Revision	(0)

Dear	EIC,	
This	well	written	article	after	including	the	requested	changes	by	reviewers	can	be
published.	
Best	regards.

	REFEREE:	EIC	|	Revision	(0)

Dear	Authors,	
Thank	you	for	submitting	your	research	article.	
Your	potentially	accepted	article	needs	some	revision	based	on	the	reviewers'	comments.	
Regards

26	Jan	2018
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Comparison of the Effects of Procaine Hydrochloride and Lidocaine in Cardioplegic 
Solution, on Arrhythmia after Opening of Aortic Valve in Coronary Artery Bypass 
Graft Surgery

Abstract
Background and aim of the research: The best way to reduce the occurrence of arrhythmias that 

generally occur after an open heart surgery is to improve the quality of myocardial protection against 

damages during the cross-clamp time. In this regard, different cardioplegic solutions play a key role. 

Differences in the types and contents of cardioplegic solutions may lead to different results of effective 

protection of the myocardium. The purpose of this study was to compare the effects of procaine 

hydrochloride and lidocaine in cardioplegic solution on arrhythmia after the opening of aortic valve in 

coronary artery bypass graft surgery.

Method of research: This study is a randomized clinical trial that was performed in Rajaie Cardiovascular, 

Medical and Research Center after obtaining permission from the Ethics Committee. A total of 100 

patient candidates for coronary intervention in 2016 were divided into two groups and randomly 

assigned one of the two cardiopulmonary solutions that were only different in the antiarrhythmic 

solution contents of procaine hydrochloride and lidocaine. At the opening of the aortic valve, 

spontaneous sinus rhythm return, cases of arrhythmia, and the amounts of lidocaine, magnesium and 

inotropic drugs, or the use of defibrillator and pacemaker in the operating room or the intensive care 

unit have been investigated.

Results: After the opening of the aortic valve in the procaine hydrochloride group, the spontaneous 

return of heart rate was higher (P-value = 0.02, 64% for procaine hydrochloride and 42% for lidocaine 

group). Furthermore, the required values for lidocaine and magnesium (P = 0.02) and inotrope (P = 0.04) 

were also relatively lower, but in general, the percentage of arrhythmia occurred requiring defibrillator 

and pacemaker before and after operation between the two groups did not show any significant 

differences. Clinically, the required cardiopulmonary solution values were slightly higher in procaine 

hydrochloride.

Discussion and conclusion: Although the cardioplegic solution containing procaine hydrochloride is 

effective in protecting myocardial infarction, and it may be useful in spontaneous heartbeats in short-

term surgeries to reverse the rhythm of spontaneous heartbeat, it does not have any significant effects 

on decreasing arrhythmia after opening of the aortic valve and is not preferable to the cardioplegic 

solution containing lidocaine. Obviously, the definitive result depends on the repetition of the results 

based on similar clinical studies, with more patients.

Key words: Coronary artery bypass, Cardioplegia solution, Arrhythmia, Cardiopulmonary bypass
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Introduction
Coronary artery disease is associated with a high incidence of cardiac events, and drug therapy, dietary 

management and low-aggressive therapies are the mainstay of treatment. However if these methods 

were not responsive, to resolve problems coronary artery bypass graft surgery is done (CABG) in order to

increase survival and improve the quality of patients' lives (1, 2). Transplantation of coronary arteries has a 

number of complications during and after operation in spite of its favorable outcomes. . Cardiac 

arrhythmias is one of the most common and prevalent complications after open heart surgery, which is 

an important factor for mortality and morbidity (3, 4). These arrhythmias often occur as ventricular and 

atrial fibrillation (5, 6). Atrial fibrillation (AF) is the highest incidence of arrhythmias after CABG surgery (7). 

Arrhythmia has a direct relationship with the onset of ischemic period after the opening of the aortic 

valve. Therefore, cardiopulmonary solution is used to prevent myocardial damage and develop its 

protection, and choosing a cardioplegic solution is important in this regard (3, 8). The cardiopulmonary 

solution causes the heart to survive for longer ischemia and events during perfusion (9). This solution uses

different electrolyte and antiarrhythmic contents to stop the heart during distal anastomosis and 

protects the structure of the myocardium during the reperfusion period and its function after ischemia 
(10, 11). In the cardioplegia solution, a lot of additives, such as beta-blockers, sodium blockers, and calcium 

blockers can be applied that affects arrhythmia after opening the clamp (12). Topical lidocaine and 

procaine hydrochloride agents are two of the additives to cardioplegic solution that by decreasing the 

amount of extracellular sodium, cause cardiac arrest by removing substrate from the free sodium 

necessary for the potential for action and are supported by a small amount of extracellular charge of 

potassium, and with the stabilization of the cell membrane, it returns the rhythm after ischemia without 

reversible effect and has an antiarrhythmic effect (9, 10). In this study, the effects of these two drugs in the 

cardioplegic solution on arrhythmia after declamp were analyzed and compared so that using a suitable 

cardioplegia could reduce the occurrence risk of arrhythmia after opening of the aortic valve and, 

consequently, the complications that follow It will be prevented.

Research Method
This is a randomized clinical trial that was conducted in the operating room of the Rajaie Cardiovascular, 

Medical and Research Center after obtaining permission from the Ethics Committee from October 2016 

to March 2017. In this study, we selected patients who were candidates for coronary artery bypass graft 

surgery and consciously agreed to it. They also had no history of cardiac arrhythmia, mutagenic fraction 

of less than 30%, severe aortic failure, severe renal failure and the final stages of the disease, history of 

hypersensitivity to local hypertension and heart pacemaker, and their operation was not an emergency 

or recurrence. They also did not have a concomitant procedure, such as a valve replacement, and those 

of who returned to the operating room due to bleeding or surgery, died or had acute hypersensitivity to 

local anesthetic agents, were excluded from this study. The instrument used was a data collection form, 

which was based on the variables studied (demographic data and underlying illnesses, clinical 

information and arterial blood gas, intraoperative variables, variables related to arrhythmia in the 

operating room and intensive care unit, ...). Clinical data has been recorded and reviewed with direct 

observation by the use of continuous monitoring of electrocardiography, blood pressure and laboratory 

devices to measure arterial blood gases and echocardiography device of Rajaie Cardiovascular, Medical 
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and Research Center. These devices are calibrated daily by the personnel of the hospital and their 

accurate performance is tested.

Based on the previous study (11), considering 90% strength of the study and the significance level of 0.05, 

the number of patients required for study in each group was estimated to be 50.

The sampling method is non-random and using available samples based on entry and exit criteria. 

Afterwards, using a quadruple block, each patient was randomly (through balanced block randomization)

assigned in either of the two groups of 1. The group of cardioplegic solution containing procaine 

hydrochloride and 2. The group of cardioplegic solution containing lidocaine. The cardioplegic solution 

was prepared according to the conditions and requirements under the supervision of the center's 

pharmacist and the pharmaceutical department, and then the drugs were numbered and blinded by 

seals envelopes method. Therefore none of the perfusionists, nurses, surgeons and researcher knew 

about the type of cardioplegic solution used. To evaluate the effect of these two drugs, the cardioplegic 

solution was prepared in such a way that, apart from the two antiarrhythmic drugs, there was no 

difference in electrolytes, osmolarity and their formulation. The composition and formulation of the 

cardioplegic solution are similar to the solution of ST.Thomas1, which is made and consumed in 

European countries by Martindale Pharmaceuticals Company with the registration number pl01883 / 

0012. The latest drug review date was in February 2015, and is also being used in Australia under the 

name of DBL Sterile Cardioplegia Concentrate (https://www.medicines.org.UK) (13). The Iranian sample is 

a cardioplegic solution prepared by Shahid Ghazi factory, which in terms of composition and content is 

exactly like the solution produced in Australia. This solution is in a volume of 50 ml; diluted in 1 liter of 

the ringer serum at 4°C. Each liter of diluted solution contains 44 milliequivalents of potassium, 64 

milliequivalents of magnesium, 147 milliequivalents of sodium and 4.5 milliequivalents of calcium, and 

one millimole of procaine hydrochloride with osmolarity of 300 to 320 and a pH of about 7.4 to 7.6. This 

solution was used as the cardioplegic solution containing procaine hydrochloride and the other solution 

was prepared with the same formulation, osmolarity and PH, and only lidocaine 2% has been replaced 

instead of Procaine hydrochloride containing 5 cc (equivalent to 100 mg). Blood cardioplegia was used 

and electrolytes, especially potassium, were within the normal range and were given 1 to 1 cardioplegia 

and blood. At a rate of 300 cc per kg of patient's weight per minute, for three minutes or according to 

the instructions of the surgeon until a complete cardiac arrest, each of these solutions was administered 

at the root of the aorta. In order to homogenize the test, the method of induction and maintenance of 

anesthesia, surgical procedures, perfusion and the pump device, the model of the oxygenator, the 

method of priming, heparinization, the infusion method of cardioplegic solution (antegrade in the root 

of the aorta) and restoration of the effect of heparin by protamine were considered to be administered 

in the same way for all patients. Background data such as age, sex, weight, height, BSA, troponin levels 

and preoperative ejection fraction, history of hypertension, thyroid, smoking, history of MI and 

angioplasty and beta blocker drugs were recorded. These questions were completed through each 

patient's profile. At the opening of the aortic valve, if the rhythm returned in 3-5 minutes spontaneously,

it would be recorded as a self-reversal rhythm, otherwise lidocaine and magnesium are injected 

(potassium values are checked to make sure they are in the normal range). Variables such as 

hemodynamic parameters and arterial blood gas parameters were measured at the entry to the 
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operating room, during the cross-clamp time, after the opening of the aortic valve, the end of the bypass

pump, at the entrance to the ICU and after the extraction of the tracheal tube in the ICU. The amount of 

cardioplegic solution required and the number of injections, the minimum temperature during the 

bypass, the rate of spontaneous self-reversal of the heart rhythm, the frequency of arrhythmia after 

declamping, the duration of arrhythmia, the need for lidocaine, magnesium and potassium for rhythm 

return, the need for inotrope, the need for shock and pacemaker and stable strips of change in favor of 

ischemia were all recorded by perfusionists in the registered questionnaires. Also information about the 

need for inotrope or pacemaker, or the emergence of new dysrhythmic and AF attacks, troponin and 

electrocardiographic changes in favor of ischemia and EF decline have been collected by the researcher 

with the help of nurses in intensive care unit or extracted from medical records of patients and 

transferred to the questionnaires after the surgery in wards for as long as the patient had the tracheal 

tube and was under monitoring. Information was entered into SPSS 23 software and statistical analysis 

was performed. One-sample Kolmogorov Smirnov test and Student's t test (Mann Whitney U), Chi-

square test and Fisher's exact test were used. Multivariate analysis was performed using logistic 

regression models. P value less than 0.05 was considered statistically significant. All stages of the plan 

were approved by the Ethiopic Committee of the Rajaie Cardiovascular, Medical and Research Center 

and the Code of Ethics was received from the committee (Code of Conduct: RHC.AC.IR.REC.1396.41). At 

all stages of the project, researchers were committed to protecting the patient's secrets and receiving 

informed consent. Research in the treatment of patients did not have an adverse effect. Research has 

not imposed any costs to the center or on patients. The two drugs used in the study have no known or 

uncontrolled side effects and are approved by the Food and Drug Administration. After approval, the 

design was registered at the Iranian Center for Clinical Trials (IRCT).

Findings
The two groups were similar in terms of demographic information and underlying illnesses, basic clinical 

data and during operation, and there were no differences between the two groups. As a result, the two 

studied populations with the same basic data in terms of the effect of procaine hydrochloride and 

lidocaine could be evaluated, and the difference in the type of cardioplegic solution was investigated.

As effective variables during the operation, the duration of the aortic valve cross clamp, potassium, 

magnesium, the temperature of the patient's body during the time of the aortic valve cross clamp and its

opening, the volume and frequency of cardioplegia injection, the number of grafts and the use of 

internal mammary artery were investigated. All data is provided in Table 1.

Table 1: Comparison of the values of effective variables during surgery in the two studied groups

Variable Procaine(n=50) Lidocaine(n=50) P value
Clamp time(minute) 41.5±14.5 41.2±9.5 0.89
Pump time(minute) 67.8±10.2 69.2±8.5 0.78
K(clamp) 4.06±0.6 3.8±0.28 0.03
Mg(clamp) 2.1±0.3 2.0±0.2 0.11
BT(clamp) (℃ ) 34.4±0.6 34.4±0.3 0.25
K(declamp) 4.8±0.75 4.6±0.57 0.17
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Mg(declamp) 2.0±0.26 2.1±0.57 0.22
BT (declamp ¿(℃ ) 36.3±0.5 36.2±0.2 0.63
Cardio Dose)CC) 1406±312 1130±267 0.63
Cardio Number 0.59
                   1

                   2

                   3

                   4

Graft Number

                   1   

25(%50) 

18(%36) 

6(%12)

1(%2) 

0(%0)

27(%54)

18(%36)

5(%10)

0(%0)

0(%0)

0.12

                   2

                   3

                   4

1(%2) 

29(%58) 

20(%40)

0(%0)

38(%76)

12(%24)

Lima usage 45(%90) 47(%94) 0.46

Clamp  time:  Aortic  crass  clamp  time ،Clamp:  during  Aortic  crass  clamp  time;  BT:  Body

Temperature; declamp: The opening of the aortic crass clamp time; Lima usage: Graft Lima to

LAD 

In this table, the average values of potassium during the aortic clamp time are statistically significant 

between the two groups, however since both values are within the normal range, they are not 

considered as clinically significant.

Considering the P value, there was no statistical difference in the amount of cardioplegia solution 

required and the frequency of injections between the two groups, but with a more detailed look, it can 

be seen that the injected solution and the number of injections were generally a little higher in the 

procaine hydrochloride group which is clinically remarkable.

Table 2 examines how the heart rhythm reverses as a consequence of the study

Table 2: Comparison of indicators related to arrhythmia and return of heart rhythm in the study groups

Variable Procaine(n=50) Lidocaine (n=50) P value
Spontaneous sinus rhythm 32(%64) 21(%42) 0.02

Lidocaine + Mg* 18(%36) 29(%58) 0.02
Inotrope need 0.04
      1-2 blues dose 5(%10) 6(%12)
      Low dose 7(%14) 15(%30)
      High dose 1(%2) 5(%10)

Multidiscip Cardio  Annal. Open Peer Review; e65154. Page 9 of 15



Atrial Arrhythmias 0.58
       PSVT 7(%14) 11(%22)
       AF 1(%2) 1(%2)
Ventricular arrhythmias 0.10
       VT 1(%2) 6(%12)
       VF 2(%4) 5(%10)
      Transient PVC 2(%4) 1(%2)
Defibrillator 3(%6) 6(%12) 0.29
Pacemaker 0.40
   Transit pacemaker 2(%4) 4(%8) 0.68
   Permanent pacemaker 0(%0) 0(%0) <0.99
Arrhythmia Time 6.2±4.59 6.5±5.79 0.76
New ST-T Change 1(%2) 0(%0) >0.99
PSVT:  Paroxysmal  supra  ventricular  tachycardia;  AF:  Atrial  Fibrillation;  VT:  Ventricular

tachycardia: VF: Ventricular Fibrillation; Transient PVC: transient Premature Ventricular Complex;

New ST: ST segment changes on ECG

*: Administration of a dose of lidocaine and magnesium if the normal sinus rhythm is not returned after 3-

5 minutes after the opening of the clamp

A total of 64% of the patients in the procaine hydrochloride group and 48% of the patients in the 

lidocaine group experienced the spontaneous return of the heart rhythm at the time of the aortic valve 

opening. The amounts of lidocaine and magnesium required for returning to the normal sinus rhythm 

were comparatively lower in the procaine hydrochloride group (36% vs. 58%).

Inotropic drugs have been studied in three types in the two groups, which in general were lower in 

procaine hydrochloride group (P = 0.04). However, there was no statistically significant difference 

between the two groups in the incidence of atrial arrhythmias that were analyzed for both AF and PSVT 

and also for ventricular arrhythmias that were compared in three modes of VF, VT and Transient PVC.

In the procaine hydrochloride group, 3 patients required defibrillator due to arrhythmia after the 

opening of the aortic valve, of which 2 patients needed a pacemaker for having a sinus rhythm. 

Although, at the end of the operation, the heart had a sinus rhythm and the pacemaker has been 

stopped. However, in the lidocaine group, 6 patients needed a defibrillator, of which 4 of them needed a 

pacemaker afterwards. Among these four patients, two of them had a sinus rhythm at the end of the 

operation and the pacemaker has been stopped, and the two others were transferred to intensive care 

unit with a heart pacemaker.

In the intensive care unit, only one patient in the procaine hydrochloride group suffered from 

arrhythmia, where defibrillator and pacemaker were used, which eventually returned to sinus rhythm 

after a few hours and the heart pacemaker was stopped. In the two patients from lidocaine group, which

had been transferred from the operating room with a pacemaker, the heart rhythm returned to normal 
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after a few hours and the pacemaker was stopped. There was no statistical difference in the results of 

the study between the two groups in intensive care unit.

In Tables 3 and 4, the effect of each of the variables of the studied groups including age, sex, history of 

myocardial infarction, potassium and magnesium, the opening time of the aortic valve and the duration 

of the aortic valve cross clamp have separately and with the removal of the effect of other confounding 

factors on the spontaneous return of heart rhythm and the need for inotropic drugs been investigated.

Table 3: Adjusted correlation between Spontaneous sinus rhythm and each of the variables

  Variable Coefficient S.E. P value          OR

95% C.I .for OR

Lower Upper
GROUP 1.03 0.44 0.02 2.81 1.17 6.76
AGE 0.01 0.03 0.58 1.01 0.95 1.08
SEX -0.17 0.44 0.68 0.83 0.35 1.98
History of MI -1.06 0.55 0.05 0.34 0.11 1.02
K_declamp -0.24 0.32 0.44 0.78 0.41 1.48
MG_declamp -0.87 0.93 0.34 0.41 0.06 2.60
Clamp Time -0.03 0.01 0.08 0.96 0.93 1.00

K_declamp: The amount of potassium at aortic valve opening time; MG_declamp: magnesium content at 

aortic valve opening time; Clamp Time: Aortic valve clamp time

Table 4: Adjusted correlation between Inotrope and each variable

     Variable Coefficient S.E. P value OR
95% C.I .for OR
Lower Upper

GROUP -1.18 0.46 0.01 0.30 0.12 0.75
AGE 0.05 0.03 0.18 1.05 0.97 1.13
SEX 0.41 0.45 0.36 1.51 0.62 3.70
History of MI 0.86 0.54 0.11 2.37 0.81 6.93
K_declamp 0.18 0.34 0.58 1.20 0.61 2.36
MG_declamp -0.03 0.96 0.97 0.96 0.14 6.40
Clamp Time 0.02 0.01 0.25 1.02 0.98 1.06

K_declamp: The amount of potassium at aortic valve opening time; MG_declamp: magnesium content at 

aortic valve opening time; Clamp Time: Aortic valve clamp time

These tables show that the studied groups and each of the cardioplegic solutions affect the spontaneous 

return of heart rhythm (P = 0.02) and the need for inotropic use (P = 0.01). Also, the history of MI is 

effective on the spontaneous return of the heart rhythm (P = 0.05).
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Discussion and Conclusion
In the present study, there is a significant difference between two groups in the comparison of 

spontaneous sinus rhythm return after declamping according to the numerical P value of 0.02 and 

spontaneous return was higher in procaine hydrochloride group. The amount of lidocaine and 

magnesium and inotropic drugs required for sinus rhythm was lower in procaine hydrochloride group 

and the results are similar to those of Sellevold (10) study results where two cardioplegic solutions, one 

containing 1 mM Procaine hydrochloride have been compared to a cardioplegic solution containing 0.9% 

normal sodium in the control group, and the incidence of VF after opening of the aortic valve and the 

effect of procaine hydrochloride on the reduction of ventricular fibrillation after declamping have been 

investigated. In this study, the percentage of atrial arrhythmias in the two groups was 16-24% and the 

incidence of ventricular arrhythmias between the two groups was 10-24% and there was no significant 

difference between the two groups in regard to the occurrence of atrial and ventricular arrhythmias. In a

similar study done by Peretto (7) in 2012, AF is referred to as usual and common early postoperative 

premature arrhythmia, with a 15 to 40% chance of occurrence in coronary procedures. Overall, in our 

study, the amount of required cardioplegia was higher for the solution containing procaine hydrochloride

and lower for the solution containing lidocaine. Perhaps the amount of volume required for a solution 

containing Procaine hydrochloride may be related to its steric property. In two similar studies published 

by Mishra (14) and Buel (15) in 2016, the aortic valve clamp time and the required cardioplegic dose were 

relatively lower in the group using the del Nido cardioplegic solution (containing lidocaine) and EF after 

surgery was better than St.Thomas group.
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