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Repeated complete atrioventricular block 2
during remifentanil administration in a

pediatric patient with brain tumor and acute
hydrocephalus: a case report

Akihiro Ura'", Keisuke Fujii', Tadashi Tanioku' and Tomoyuki Kawamata'

Abstract

Background Remifentanil, an ultra-short-acting p-opioid receptor agonist, is commonly used for anesthetic
management due to excellent adjustability. Remifentanil is known to cause sinus bradycardia, however, because it has
a direct negative chronotropic effect on the cardiac conduction system and there is an indirect negative chronotropic
effect via the parasympathetic nervous system.

Case presentation An 8-year-old Japanese boy was diagnosed with acute hydrocephalus due to a brain tumor

in the fourth ventricle and underwent emergency surgery. Imaging examination showed brainstem compression.
Endoscopic third ventriculostomy and ventriculoperitoneal shunt surgery were scheduled. Remifentanil was started
during induction of general anesthesia, but electrocardiogram showed sinus bradycardia, then Wenckebach-type
atrioventricular block, and then complete atrioventricular block. Remifentanil was immediately discontinued, and
we administered atropine sulfate. Complete atrioventricular block was restored to sinus rhythm. When remifentanil
was restarted, however, the electrocardiogram again showed sinus bradycardia, Wenckebach-type atrioventricular
block, and then complete atrioventricular block. Remifentanil was again immediately discontinued, we administered
adrenaline, and then complete atrioventricular block was restored to sinus rhythm. Fentanyl was used instead

of remifentanil with continuous infusion of dopamine. There has since been no further occurrence of complete
atrioventricular block.

Conclusions This is the first known case of complete atrioventricular block in a pediatric patient with increased
intracranial pressure seemingly caused by administration of remifentanil.
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Background
Remifentanil, an ultra-short-acting p-opioid recep-
tor agonist, is commonly used for anesthetic manage-
ment due to excellent adjustability [1]. Remifentanil is
known to cause sinus bradycardia, however, because
it has a direct negative chronotropic effect on the car-
diac conduction system and there is an indirect negative
chronotropic effect via the parasympathetic nervous sys-
tem [2, 3]. Here, we report a case of a pediatric patient
with acute hydrocephalus who developed reproducible
complete atrioventricular block after administration of
remifentanil. This is the first known report of complete
atrioventricular black in a pediatric patient as a result of
administration of remifentanil.

Consent was obtained from the patient’s mother for
this study.

Case presentation

An 8-year-old Japanese boy (112 c¢m, 18 kg) suddenly
vomited repeatedly and was brought to our emergency
department. At 1 and 2 years of age he had undergone
tumor resection surgery for fourth ventricle cerebellar
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low-grade glioma. At 6 years of age there was tumor
recurrence, so he subsequently underwent third ventric-
ulostomy for hydrocephalus. He then received chemo-
therapy in the pediatric department of our hospital.

In our emergency department, the level of conscious-
ness was I-1 according to the Japan Coma Scale. Body
temperature was 36.5°C, pulse rate was 90 bpm (sinus
rhythm), blood pressure was 115/78 mmHg, and arte-
rial oxygen saturation was 100% (room air). His pupils
were 3 mm in diameter bilaterally, and he showed nor-
mal light reflexes. No apparent neurological abnormali-
ties were observed. Magnetic resonance imaging of the
brain revealed an enlarged tumor and compression of
the brainstem due to enlargement of the fourth ventri-
cle (Fig. 1). He was diagnosed with acute hydrocephalus
caused by an enlarged cerebellar tumor, and was urgently
admitted. Endoscopic third ventriculostomy and ventric-
uloperitoneal shunt surgery were scheduled for the next
day.

The next morning, just before being taken to the oper-
ating room, his level of consciousness deteriorated to
Japan Coma Scale I1I-100 and he became apneic. He was

Fig. 1 Magnetic resonance images (T1-weighted sagittal section) of brain before surgery. Ten hours before surgery. Arrows and arrowheads indicate

cerebellar tumor and brainstem, respectively
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immediately intubated with an uncuffed endotracheal
tube (inner diameter 5.0 mm). At that time, his pulse
rate and blood pressure were 116 bpm and 90/47 mmHg,
respectively. The apnea was considered to be caused by
brainstem compression, so he was urgently transferred to
the operating room.

Electrocardiogram (ECG) showed sinus rhythm with a
heart rate of 102 bpm and P-R interval 0.16 msec. Blood
pressure was now 94/56 mmHg. Sevoflurane 3% and
remifentanil 0.2 pg/kg/min were administered. After
obtaining muscle relaxation with rocuronium 1.0 mg/kg,
the endotracheal tube was changed to cuffed tube (inner
diameter 6.0 mm). Three minutes after starting the remi-
fentanil infusion, the patient’s heart rate decreased from
150 bpm to 100 bpm (Fig. 2A), and 9 min after start-
ing, the pulse rate interval was prolonged from 0.16 s to
0.24 s. ECG showed Wenckebach type II atrioventricu-
lar (AV) block (Fig. 2B). Blood pressure was gradually
decreasing. Thirteen minutes after starting, Wenckebach
type II AV block became complete AV block with heart
rate of 44 bpm (Fig. 2B and C). Remifentanil was immedi-
ately discontinued, and atropine 0.5 mg was intravenously
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administered. After that, complete AV block was recov-
ered to sinus rhythm (140 bpm) (Fig. 2D) and blood pres-
sure increased to 102/58 mmHg. Remifentanil (0.2 pg/
kg/min) was then resumed. Nine minutes after the infu-
sion, ECG again showed sinoatrial bradycardia, followed
by Wenckebach type II AV block (Fig. 3A). Ten minutes
after the infusion, Wenckebach type II AV block again
became complete AV block with heart rate of 36 bpm
(Fig. 3B). Remifentanil was immediately discontinued,
adrenaline 4 pg was administered. After administration
of additional doses of adrenaline (total 50 pg), complete
AV block was recovered to sinus rhythm with heart rate
of 152 bpm (Fig. 3C). Thereafter, fentanyl (10-20 ug)
was administered intermittently instead of remifentanil,
with attention to ECG change during surgery (total dose:
200 pg). The patient’s hemodynamics were stable with
continuous dopamine infusion at 5 pug/kg/min, and sur-
gery was successfully completed without bradycardia or
AV block. The duration of surgery was 3 h. After surgery,
the patient was transferred to the intensive care unit. The
endotracheal tube was removed on the second day after
surgery. Computed tomography of his brain performed
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Fig. 2 Changes in electrocardiography (ECG) at the time of the first complete atrioventricular block. A, ECG recorded at entering the operating room
showing sinus rhythm of 102 bpm. B, ECG recorded 9 min after administration of remifentanil showing Wenckebach type Il AV block, QRS rate of 60 bpm.
Arrows indicate P wave. C, ECG recorded 13 min after remifentanil administration showing complete AV block, QRS rate of 44 bpm. Arrows indicate P
wave. D, ECG recorded 5 min after administration of 0.5 mg of atropine sulfate showing sinus rhythm, 140 bpm
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Fig. 3 Changes in electrocardiography (ECG) at the time of the second complete atrioventricular block. A, ECG recorded 9 min after second remifentanil
administration, showing Wenckebach type Il AV block with a QRS rate of 75 bpm. Arrows indicate P wave. B, ECG recorded 10 min after administration
of remifentanil, showing complete AV block, QRS rate of 36 bpm. Arrows indicate P wave. C, ECG recorded 8 min after administration of 54 ug of total

adrenaline, sinus rhythm was 152 bpm

on the fourth day after surgery showed no signs of brain-
stem compression and there were also no apparent neu-
rological abnormalities. He was discharged from the
hospital on the 27th day after surgery. The patient has
had no further episodes of bradycardia or AV block.

Discussion and conclusion

Continuous administration of remifentanil is well known
to be a cause of sinus bradycardia, but there are no pre-
vious reports of remifentanil-induced complete AV
block. In our case, an 8-year-old Japanese boy with acute
hydrocephalus caused by brain tumor was shown to have
reproducible complete AV block during administration
of remifentanil. We discuss the involvement of remifen-
tanil in complete AV block.

Complete AV block during general anesthesia in chil-
dren can be the result of various factors. Congenital com-
plete AV block is rare and can be found in infants born
to mothers with conditions such as Sjogren’s syndrome
or systemic lupus erythematosus [4]. In our case, the
patient’s mother had no such conditions. Additionally,
our patient had no history of loss of consciousness or
previous electrocardiogram evidence of conduction dis-
orders. Based on this information, our patient’s complete
AV block does not appear to be congenital.

Acquired causes of complete AV block include medi-
cation that suppresses the conduction system, surgery of
the aortic valve, electrophysiological ablation, and percu-
taneous coronary intervention [5, 6]. In our patient, there
was no history of aortic valve surgery or cardiac catheter
therapy. Reproducible complete AV block appeared with
remifentanil administration, however, suggesting remi-
fentanil to be the cause in this case of complete atrioven-
tricular block.

Remifentanil has been previously reported as a cause
of sinus bradycardia in children [7-9], but there are no
known reports of complete AV block. Remifentanil has
a negative chronotropic effect due to direct inhibition of
the cardiac conduction system and activation of the para-
sympathetic nervous system [1]. It directly suppresses
the sinoatrial node [7]. Meanwhile, there is currently no
consensus on the direct effect of remifentanil on the AV
node [10, 11].

In our patient, after the administration of remifent-
anil, the pulse pressure was decreased and the pulse rate
intervals were gradually prolonged, followed by Wencke-
bach-type AV block and then complete AV block. These
changes, shown by electrocardiogram, can be caused by
increased vagal tone [12]. However, because there are no
reports of remifentanil causing complete atrioventricu-
lar block, we assume that in our case there were other
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factors in addition to remifentanil that caused vagal acti-
vation strong enough to induce AV block. The brainstem
was compressed by the tumor (Fig. 1), so the vagal nuclei
might have been activated by compression of the tumor
or by increased intracranial pressure due to acute hydro-
cephalus. We therefore speculate that not only the phar-
macological action of remifentanil, but also mechanical
forces from the tumor and increased intracranial pres-
sure synergistically stimulated the vagal nuclei, which
inhibited the AV node and subsequently led to sinus bra-
dycardia, Wenckebach-type AV block, and complete AV
block.

In our case, intermittent fentanyl was used instead of
continuous remifentanil after recovery from complete
AV block. However, it has been reported that there is no
significant difference in parasympathetic activity between
remifentanil and fentanyl during induction of anesthesia
[13]. Therefore, the continuous administration of dopa-
mine and the decrease in intracranial pressure due to sur-
gery may have contributed to prevention of occurrence of
complete AV block during the surgery.

In the treatment algorithm for pediatric bradycardia
by the American Heart Association, if bradycardia per-
sists, adrenaline at 0.01 mg/kg is given by intravenous
injection every 3—5 min, and if bradycardia is suspected
to be of vagal origin, atropine at 0.02 mg/kg (minimum
dose: 0.1 mg, maximum dose: 0.5 mg, can be repeated
once if necessary) is given by intravenous injection
[14]. If bradycardia still does not improve, transcutane-
ous or transvenous pacing should be considered. In our
patient, complete AV block was restored to sinus rhythm
by administration of adrenaline and discontinuation of
remifentanil.

In conclusion, we encountered a case in which the
patient with brainstem compression and acute hydro-
cephalus had reproducible complete AV block dur-
ing administration of remifentanil. It is possible that
the remifentanil augments the vagal reflex caused by
increased intracranial pressure, leading to complete AV
block.

Abbreviations
ECG  Electrocardiogram
AV Atrioventricular

Acknowledgements
We acknowledge proofreading and editing by Benjamin Phillis at the Clinical
Study Support Center at Wakayama Medical University Hospital.

Author contributions

The designs of anesthesia strategy, anesthesia implementation and drafting
of the manuscript were by K.F. and T.T,; data collection was by A.U; manuscript
review and correction was by A.U,, K.F. and TK all authors contributed to
writing paper.

Funding
There was no funding for this case report.

Page 5 of 5

Data availability

The raw data supporting the conclusions of this article will be made available
by the author Akihiro Ura (E-mail: akihiro94ura@gmail.com), without undue
reservation.

Declarations

Ethics and consent to participate
All methods were carried out in accordance with relevant guidelines and
regulations.

Consent for publication
Written informed consent was obtained from the patient’s guardian for
publication of the case report and the images.

Competing interests
The authors declare no competing interests.

Received: 25 December 2023 / Accepted: 10 June 2024
Published online: 09 August 2024

References

1. Glass PS, Hardman D, Kamiyama'Y, et al. Preliminary pharmacokinetics and
pharmacodynamics of an ultra-short-acting opioid: remifentanil (GI87084B).
Anesth Analg. 1993;77:1031-40.

2. Tirel O, Chanavaz C, Bansard JY, et al. Effect of remifentanil with and without
atropine on heart rate variability and RR interval in children. Anaesthesia.
2005;60(10):982-9.

3. EHlliott P O'Hare R, Bill KM, Phillips AS, Gibson FM, Mirakhur RK. Severe cardio-
vascular depression with remifentanil. Anesth Analg. 2000,91:58-61.

4. Kertesz NJ, Fenrich AL, Friedman RA. Congenital complete atrioventricular
block. Tex Heart Inst J. 1997,24:301-7.

5. Byeon GJ, Kim HJ, Ri HS, Lee SS, Kim HY. Persistent complete atrioventricular
block after induction of General Anesthesia in a healthy patient. Kosin Med J.
2019;34:65-71.

6. Barra SN, Providéncia R, Paiva L, Nascimento J, Marques AL. A review on
advanced atrioventricular block in young or middle-aged adults. Pacing Clin
Electrophysiol. 2012;35:1395-405.

7. Zaballos M, Jimeno C, Aimendral J, et al. Cardiac electrophysiological
effects of remifentanil: study in a closed-chest porcine model. Br J Anaesth.
2009;103:191-8.

8. Prys-Roberts C, Lerman J, Murat |, et al. Comparison of remifentanil versus
regional anaesthesia in children anaesthetised with isoflurane/nitrous oxide.
International Remifentanil Paediatric Anaesthesia Study group. Anaesthesia.
2000;55:870-6.

9. Chung CJ, Lee JM, Choi SR, Lee SC, Lee JH. Effect of remifentanil on caulo-
cardiac reflex in paediatric strabismus surgery. Acta Anaesthesiol Scand.
2008;52:1273-7.

10.  Fattorini F, Romano R, Ciccaglioni A, et al. Effects of remifentanil on human
heart electrical system. A transesophageal pacing electrophysiological study.
Minerva Anestesiol. 2003;69:673-7.

11. Fujii K, Iranami H, Nakamura Y, Hatano Y. High-dose remifentanil suppresses
sinoatrial conduction and sinus node automaticity in pediatric patients
under propofol-based anesthesia. Anesth Analg. 2011;112:1169-73.

12. Aste M, Brignole M. Syncope and paroxysmal atrioventricular block. J
Arrhythm. 2017;33:562-7.

13. Guzzetti S, Bassani T, Latini R, et al. Autonomic cardiovascular modulation
with three different anesthetic strategies during neurosurgical procedures.
Minerva Anestesiol. 2015;81:3-11.

14.  Topjian AA, Raymond TT, Atkins D et al. Pediatric Basic and Advanced Life
Support collaborators. Part 4: Pediatric Basic and Advanced Life support: 2020
American Heart Association Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Circulation. 2020: 20;142(16_suppl_2):
S469-S523.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Repeated complete atrioventricular block during remifentanil administration in a pediatric patient with brain tumor and acute hydrocephalus: a case report
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion and conclusion
	﻿References


