
Hosseini et al. BMC Cardiovascular Disorders          (2023) 23:142  
https://doi.org/10.1186/s12872-023-03178-y

CASE REPORT Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Cardiovascular Disorders

Hypothermia‑induced accelerated 
idioventricular rhythm after cardiac surgery; 
a case report
Saeid Hosseini1, Soheila Salari1*   , Sepideh Banar1, Yousef Rezaei1, Atieh Tajik1, Ali Zahedmehr2 and 
Zahra Emkanjoo3 

Abstract 

Background  Accelerated idioventricular rhythm (AIVR) is a slow ventricular arrhythmia, commonly due to myocardial 
ischemia in coronary artery disease. It is a transitory rhythm that rarely causes hemodynamic instability or necessitates 
any specific therapy. Besides, the common predisposing factors for ventricular arrhythmias after open-heart surgery 
are hemodynamic instability, electrolyte imbalances, hypoxia, hypovolemia, myocardial ischemia and infarction, acute 
graft closure, reperfusion injury, and administration of inotropes and antiarrhythmic drugs. Here we report a case of 
AIVR after cardiac surgery, mostly due to hypothermia that to our knowledge, it is the first report.

Case presentation  We describe a 76-year-old man presenting with typical chest pain. Following routine investiga-
tions, the patient underwent coronary artery bypass grafting. Postoperatively, he was transferred to the intensive care 
unit with good hemodynamic status. However, about 3 h later, he developed rhythm disturbances, leading to hemo-
dynamic instability without response to volume replacement or inotropic support. His rhythm was AIVR, although, at 
first glance, it resembled the left bundle branch block. Given his unstable hemodynamic status, he was emergently 
transferred to the operating room. Cardiopulmonary bypass (CPB) was resumed for hemodynamic support. After the 
patient was rewarmed to about 35 ºC, AIVR returned to normal. He was weaned from CPB successfully and with an 
uneventful hospital course.

Conclusions  Hypothermia is a potential cause of rhythm disturbance. Preventing the causes of arrhythmias, includ-
ing hypothermia, is the best strategy.
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Background
Cardiac rhythm disturbances after coronary artery bypass 
graft (CABG) surgery have been reported in approxi-
mately one-third of patients [1, 2]. Many studies have 
evaluated contributing factors among patients undergo-
ing cardiac surgeries with the implementation of cardio-
pulmonary bypass (CPB). The development of rhythm 
disturbances is associated with several factors, including 
a previous history of inferior myocardial infarction, right 
coronary artery stenosis, left main coronary artery steno-
sis, the maximal temperature of the left circumflex artery 
region, the aortic cross-clamp time, hypertension, and 
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some medications [2–6]. Moreover, damage to the atrio-
ventricular node during valve surgeries is a major cause 
of postoperative conduction disturbances [7].

The nature of cardiac surgeries, which are usually per-
formed with patient cooling and cold cardioplegia, may 
result in injury to the conduction system [8]. Hypother-
mia may cause arrhythmias after cardiac surgeries [9]. 
Herein, we describe a patient who underwent CABG and 
was then weaned from CPB with good hemodynamic 
status and in the sinus rhythm but, in the early hours of 
arrival at the intensive care unit (ICU), developed accel-
erated idioventricular rhythm (AIVR) due to hypother-
mia, causing a state of shock. The patient recovered after 
rewarming with the aid of CPB.

Case presentation
A 76-year-old man came to the hospital with typical 
chest pain, suggestive of ischemic heart disease. Coro-
nary angiography showed a triple-vessel coronary artery 
disease. Transthoracic echocardiography revealed a left 
ventricular ejection fraction (EF) of 50%. Electrocardi-
ography (ECG) showed a normal sinus rhythm (Fig. 1). 
The patient took loading dose of clopidogrel (600  mg) 
during angiography 10 days earlier and then continued 
75 mg daily till 3 days before surgery. He underwent a 

4-grafts CABG surgery( left internal mammary artery 
on left anterior descending and 3 saphenous vein 
grafts on Diagonal, obtuse marginal and right coronary 
artery). Myocardial protection was done with repeated 
doses of tepid hyperkalemic blood cardioplegia ( Buck-
berg cardioplegia) in total 1700  cc in 4 interrupted 
doses. Duration of the aortic cross-clamp time and CPB 
time was 74 and 120 min, respectively. The lowest tem-
perature during CPB was 30 ºC. After the successful 
weaning of the patient from CPB in normothermia(37 
c), hemostasis was done.

His hemostasis and then sternal closure took longer 
than usual due to the residual antiplatelet effect of clopi-
dogrel.. Subsequently, he was transferred to the ICU with 
good hemodynamic status and in the sinus rhythm.

After ICU entrance, despite good hemody-
namic and diuresis during first 3  h, his ECG sud-
denly changed an accelerated AIVR (Fig. 2), and the 
patient experienced hypotension unresponsive to 
volume and inotropic medication. Due to hemody-
namic instability, he was emergently transferred to 
the operating room. CPB was started again, and an 
intra-aortic balloon pump was inserted. The bypass 
graft vessels (saphenous vein graft and left internal 
mammary artery) seemed open (pinkish color of the 

Fig. 1  The electrocardiogram shows a normal sinus rhythm at baseline before first surgery
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saphenous grafts and good pulsatility of the inter-
nal mammary artery). Transesophageal echocardi-
ography revealed a left ventricular EF of 50%, and 
the other findings were the same as those before 
the operation. The patient’s temperature was 31 ºC. 
When his temperature rose to about 35  °C, AIVR 
reversed to a normal baseline ECG, as first seen on 
the anesthesia monitor and immediately confirmed 
by taking a 12-lead ECG.

With complete rewarming to normothermia(37 ºC), the 
patient was weaned from CPB uneventfully with a mild 
dose of an inotropic medication.After hemostasis and 
chest-wall closure, he was referred to the ICU, where he 
remained hemodynamically stable without any arrhyth-
mia (Fig.  3). After 5  days, he was discharged from the 
hospital with stable hemodynamic status and good clini-
cal features. At 3 months’ follow-up, he had a stable con-
dition without any conduction disturbances (Table 1).

Fig. 2  The electrocardiogram shows an accelerated idioventricular rhythm after CABG in ICU

Fig. 3  The electrocardiogram shows the disappearance of the arrhythmia
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Discussion
The ECG manifestations of hypothermia include the J 
(Osborn) wave; prolonged PR, QRS, and QT intervals; 
and atrial and ventricular arrhythmias. Hypothermia 
decreases the spontaneous depolarization of cardiac 
pacemaker cells, prolongs the action potential duration 
of both depolarization and repolarization, and slows 
myocardial impulse conduction. However, the inci-
dence of conduction disturbances is not common with 
hypothermia [4].

On the other hand, CABG surgery is associated with 
arrhythmias, including atrial fibrillation, ventricular 
arrhythmias, and conduction disturbances [5, 6]. The 
predisposing factors of myocardial ischemia, such as 
severe coronary artery disease, preoperative myocar-
dial infarction, and transient ischemia, are also asso-
ciated with postoperative conduction disturbances [10, 
11]. Although on-pump CABG usually provides excel-
lent protection of the myocardium with the help of 
the cardioplegic solution, poor myocardial protection 
could be a major contributor to postoperative arrhyth-
mias [12].

The main features of the cardioplegic solution that 
may lead to the development of cardiac rhythm distur-
bances consist of its type, temperature (cold vs warm) 
[8], administration route (antegrade, retrograde, or 
combined) [13], and potassium concentrations [14].

Reduced body temperatures can result in dimin-
ished metabolic rates and cardiovascular functions 
and, subsequently, decreased pacemaker and conduc-
tion velocity, rendering patients prone to arrhyth-
mias. Hypothermia-induced arrhythmias consist of 
bradycardia, heart block, and prolonged QT inter-
vals [15]. Postoperative conduction disturbances are 

mainly self-limiting or may only require temporary 
pacing [6, 16].

In this case, the patient developed rhythm disturbances 
and, thus, hypotension around 3 h after ICU entrance fol-
lowing CABG surgery. At first glance, this arrhythmia 
resembled the left bundle branch block; nonetheless, metic-
ulous evaluations of the patient’s clinical and ECG points 
led us to a diagnosis of AIVR. The mechanisms involved 
in AIVR development mainly include abnormal calcium-
dependent automatism foci, which are seen in acute myo-
cardial infarction or reperfusion periods, digitalis-induced 
events, some types of cardiomyopathies, and the presence 
or absence of structural heart diseases in children [17, 18].

The pathophysiology of ventricular arrhythmia develop-
ment in hypothermic hearts remains unknown. The most 
common reported ventricular arrhythmia in the setting of 
hypothermia is ventricular fibrillation (VF). Experimental 
studies from canine wedge preparations have shown that 
conduction block and reentrant VF during rewarming are 
associated with transmural and epicardial repolarization 
dispersion [19, 20]. Combined with slowed conduction 
velocity at 30 °C in rabbit hearts, these circumstances may 
favor unidirectional block and the induction [21].

Generally, surgical team love lower operation room 
temperature due to heating of surgical gown wearing 
and heating of the surgical lights. Although there are 
some heating maneuver to overcome hypothermia of 
the patients as warming blanket but in longer than usual 
operation time, hypothermia would be possible.

Gurabi Z et al [22] demonstrated the effect of hypo-
thermia in accentuating repolarization abnormalities 
within the left ventricular epicardium in the setting of 
the emergency department. This effect of hypothermia 
is accentuated, leading to the development of phase II 

Table 1  Electrolytes and Acid Base data and hemodynamic data

Operation room data 
before leaving of the main 
surgery

ICU data on arrival 
after the main 
surgery

ICU data before come 
back to operation room 
again

Operation room data on 
starting the 2nd operation

Operation room data 
before transfer to ICU 
again

T 37 Not mentioned Not mentioned 32.2 37.1
PH 7.49 7.25 7.30 7.39 7.36
PCO2 34 40 32 30 38
HCO2 25 19 16 18 21
BE 3 -8 -8 -6 -3
NA 141 145 142 135 146
K 3.9 4.5 3.9 4.4 4.5
HB 11.7 9.2 8.4 8.4 9.2
HCT 38 29 27 27 28
PLT 280,000 260,000 280,000 260,000 250,000
MEAN BP 97.5 mmgh 77.5 mmgh 77.5 mmgh 60.5 mmgh 97.5 mmgh
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reentry and VT/VF. The mechanism of AIVR in hypo-
thermia might be explained by the circus movement 
theory. The main factor responsible for the initiation of 
a circus movement type of tachycardia is an increase in 
the conduction time/refractory period ratio.

Accordingly, we posit that our patient’s AIVR must 
have been caused by hypothermia because it disap-
peared after his rewarming. Indeed, there were no 
other causes for the occurrence of this arrhythmia like 
electrolyte abnormalities or ischemia.

Conclusions
Arrhythmias after cardiac operations could occur, 
although they are mostly self-limiting. The phenomenon 
of hypothermia and its impact on prognosis should be 
considered in patients undergoing open-heart surgeries.

Abbreviations
CABG	� Coronary artery bypass graft
AIVR	� Accelerated idioventricular rhythm
CPB	� Cardiopulmonary bypass
ECG	� Electrocardiography
EF	� Ejection fraction
ICU	� Intensive care unit
VF	� Ventricular fibrillation
VT	� Ventricular tachycardia

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12872-​023-​03178-y.

Additional file 1. Video ligand.

Acknowledgements
The authors gratefully acknowledge all who contributed to the work in 
presenting this case.

Disclosure
The authors have nothing to disclose.

Authors’ contributions
YR write the initial report about patient, AT and SB were involved in investiga-
tion and data collection. AZ, and ZE complete research and discussion,SS and 
SH drafted and corrected the manuscript. All authors read and approved the 
final manuscript for publication.

Funding
Authors have no conflict of interest, and the work was not supported or 
funded by any company.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
The patient has provided informed consent for publication of the case. A copy of 
the written consent is available for review by the Editor-in-Chief of this journal.

Competing interests
No competing interests applies to this study.

Received: 5 July 2022   Accepted: 9 March 2023

References
	1.	 Satinsky JD, Collins JJ Jr, Dalen JE. Conduction defects after cardiac 

surgery. Circulation. 1974;50:Ii170-174.
	2.	 Caspi Y, Safadi T, Ammar R, Elamy A, Fishman NH, Merin G. The signifi-

cance of bundle branch block in the immediate postoperative electro-
cardiograms of patients undergoing coronary artery bypass. J Thorac 
Cardiovasc Surg. 1987;93:442–6.

	3.	 Pehkonen EJ, Rinne TT, Mäkynen PJ, et al. Conduction disturbances after 
blood and crystalloid cardioplegia in coronary bypass surgery. Scand J 
Thorac Cardiovasc Surg. 1993;27:143–7.

	4.	 Shaikh N, Mustafa S, Gowda RM, et al. Electrocardiographicfeatures of 
hypothermia. Cardiology. 2005;103:118–9.

	5.	 Hippeläinen M, Mustonen P, Manninen H, et al. Predictors of conduc-
tion disturbances after coronary bypass grafting. Ann Thorac Surg. 
1994;57:1284–7 discussion 1288.

	6.	 Wexelman W, Lichstein E, Cunningham JN, et al. Etiology and clinical sig-
nificance of new fascicular conduction defects following coronary bypass 
surgery. Am Heart J. 1986;111:923–7.

	7.	 Jaeger FJ, Trohman RG, Brener S, et al. Permanent pacing following repeat 
cardiac valve surgery. Am J Cardiol. 1994;74:505–7.

	8.	 Flack JE 3rd, Hafer J, Engelman RM, et al. Effect of normothermic blood 
cardioplegia on postoperative conduction abnormalities and supraven-
tricular arrhythmias. Circulation. 1992;86:Ii385-392.

	9.	 Hicks CE, McCord MC, Blount SG, et al. Electrocardiographic changes dur-
ing hypothermia and circulatory occlusion. Circulation. 1956;13:21–8.

	10.	 Kumbhani DJ, Sharma GV, Khuri SF, et al. Fascicular conduction distur-
bances after coronary artery bypass surgery: a review with a meta-analy-
sis of their long-term significance. J Card Surg. 2006;21:428–34.

	11.	 Caretta Q, Mercanti CA, De Nardo D, et al. Ventricular conduction defects 
and atrial fibrillation after coronary artery bypass grafting. Multivariate 
analysis of preoperative, intraoperative and postoperative variables. Eur 
Heart J. 1991;12:1107–11.

	12.	 Hake U, Iversen S, Erbel R, et al. New bundle branch block after coronary 
artery bypass grafting–evaluation by CK-MB isoenzyme analysis and 
transoesophageal echocardiography. Eur Heart J. 1990;11:59–64.

	13.	 Gundry SR, Sequeira A, Coughlin TR, et al. Postoperative conduction 
disturbances: a comparison of blood and crystalloid cardioplegia. Ann 
Thorac Surg. 1989;47:384–90.

	14.	 Pehkonen EJ, Honkonen EL, Mäkynen PJ, et al. Conduction disturbances 
after different blood cardioplegia modes in coronary artery bypass graft-
ing. Including comparison with an earlier patient series. Scand J Thorac 
Cardiovasc Surg. 1996;30:149–55.

	15.	 Ellis RJ, Mavroudis C, Gardner C, et al. Relationship between atrioventricu-
lar arrhythmias and the concentration of K+ ion in cardioplegic solution. 
J Thorac Cardiovasc Surg. 1980;80:517–26.

	16.	 Slovis CJR. ABC of clinical electrocardiography: Conditions not primarily 
affecting the heart. BMJ. 2002;325:259.

	17.	 Lewis JW Jr, Webb CR, Pickard SD, et al. The increased need for a perma-
nent pacemaker after reoperative cardiac surgery. J Thorac Cardiovasc 
Surg. 1998;116:74–81.

	18.	 Riera ARP, Barros RB, de Sousa FD, Baranchuk A. Accelerated idioventricu-
lar rhythm: history and chronology of the main discoveries. Indian Pacing 
Electrophysiol J. 2010;10:40–8.

	19.	 Piktel JS, Jeyaraj D, Said TH, et al. Enhanced dispersion of repolarization 
explains increased arrhythmogenesis in severe versus therapeutic hypo-
thermia. Circ Arrhythm Electrophysiol. 2011;4:79–86.

https://doi.org/10.1186/s12872-023-03178-y
https://doi.org/10.1186/s12872-023-03178-y


Page 6 of 6Hosseini et al. BMC Cardiovascular Disorders          (2023) 23:142 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	20.	 Salama G, Kanai AJ, Huang D, et al. Hypoxia and hypothermia enhance 
spatial heterogeneities of repolarization in guinea pig hearts. J Cardiovasc 
Electrophysiol. 1998;9:164–83.

	21.	 Hsieh Y-C, Lin S-F, Lin T-C, et al. Therapeutic hypothermia (30°c) enhances 
arrhythmogenic substrates, including spatially discordant alternans, and 
facilitates pacing-induced ventricular fibrillation in isolated rabbit hearts. 
Circ J. 2009;73:2214–22.

	22.	 Gurabi Z, Koncz I, Patocskai B, Nesterenko VV, Antzelevitch C. Cellular 
mechanism underlying hypothermia-induced ventricular tachycardia/
ventricular fibrillation in the setting of early repolarization and the protec-
tive effect of Quinidine, Cilostazol, and Milrinone. Circulation: Arrhythmia 
and Electrophysiology. 2014;7:134–42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Hypothermia-induced accelerated idioventricular rhythm after cardiac surgery; a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion
	Conclusions
	Anchor 10
	Acknowledgements
	References


