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Repeated ventricular bigeminy by trigeminocardiac reflex despite atropine administration during superficial upper lip surgery: A case report
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Abstract
BACKGROUND
The trigeminocardiac reflex (TCR) is usually caused by an increased parasympathetic tone when pressure or traction is applied to the surrounding tissue of the trigeminal nerve. However, the inexperienced anesthesiologists may have challenges on the management of TCR patients.

CASE SUMMARY
This is the case of an 18-year-old woman diagnosed with hemangioma of the upper lip. During the operation, about 1 h after surgery started, a constant 1:1 premature ventricular complex was detected, and blood pressure was decreased when approaching the deeper part with more strong traction for exposure of the part. Although the management of arrhythmias, such as lidocaine and atropine, was injected, arrhythmia induced by surgical stimulation could not be eliminated completely. As the traction repeated, bradycardia was also repeated, despite injecting additional atropine. Therefore, the anesthesiologist and the surgeon decided to perform the operation only to the extent that the vascular tissue was selectively removed only at the site without the reflex.

CONCLUSION
With TCR, anesthesiologists should perform appropriate monitoring. In addition to proper drug administration, surgeons should be consulted to cope with stopping the surgery and setting the scope of the surgery even if the site is superficial.
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Core Tip: The trigeminocardiac reflex (TCR) occurs when stimulation occurs adjacent to the trigeminal nerve. TCR usually results from stimulation of the central region of the trigeminal nerve and can result in lowered blood pressure and heart rate. Mild symptoms can be overcome with anticholinergic drugs such as atropine. But in this case, it is challenging to expect due to peripheral stimulation. And the bradycardia repeatedly occurred after the drug action time passed. In the end, it is crucial to quickly prevent complications by the reflex with proper monitoring and management.

INTRODUCTION
The trigeminocardiac reflex (TCR) is regarded as a brainstem reflex, resulting in a series of hemodynamic nonuniformities as a decrease in heart rate (HR) and blood pressure during surgical stimulation of any point or branches of the trigeminal nerve[1]. TCRs are classified into subtypes of centrality, peripheral type, and gasserian ganglion type according to the location of the stimulation point[2].
Generally, TCR incurred during surgery has been reported mainly due to sudden bradyarrhythmia and hypotension in the central part of the trigeminal nerve. Moreover, TCR also occurs in the peripheral part of the trigeminal nerve; the skin or the nasopharynx may bring TCR by diving reflex. It differs from central TCR in that it can show bradyarrhythmia, hypertension, or normal blood pressure[3]. 
We experienced TCR-induced bradyarrhythmia during surgical removal of tissue in patients diagnosed with congenital hemangioma to the upper lip. A few case reports have demonstrated that repeated TCR was generated during the surgical treatment of peripheral tissues such as the lips, but only TCR due to direct nerve periphery and bone tissue manipulation has been reported in previous cases.

CASE PRESENTATION
Chief complaints
This is the case of a 18-year-old woman who visited the surgery due to discomfort caused by hypertrophy of the upper lip.

History of present illness
No findings were found on preoperative examination and electrocardiogram (ECG) (Figure 1A). 

History of past illness
No specific findings were found on the patient's history.

Personal and family history
The patient had no family or genetic disease history.

Physical examination
Vital signs were assessed before anesthesia induction: Blood pressure, 111/79 mmHg; HR, 94 beats/min; and SpO2, 99%.

Laboratory examinations
On perioperative laboratory examinations and the C-reactive protein (CRP) level were within normal range.

Imaging examinations
She was diagnosed with hemangioma by ultrasound (Figure 2A). Intraoperative picture, tracing with black silk to expose the surgical site during the approach to the surgical site (Figure 2B).

Intraoperative events
Anesthesia was induced by injecting 2 mg/kg of IV propofol, ventilating with 5%–6 vol % of desflurane using a mask, and simultaneously administering remifentanil at the target site with a concentration of 2.0 ng/mL for balanced anesthesia using a target- controlled infusion pump (Orchestra®, Fresenius Vial, France). After the loss of consciousness was confirmed by a bispectral index (BIS) of less than 40, rocuronium 0.6 mg/kg IV was administered. After confirming that the muscle had appropriately relaxed, endotracheal intubation was performed. The blood pressure measured after intubation was 110/62 mmHg, and the heart rate was 59 beats/min. During the operation, the respiratory rate was controlled to maintain the end-tidal CO2 partial pressure of 32–38 mmHg, and mechanical ventilation was performed with oxygen 1 L/min and air 2 L/min. Desflurane was controlled to maintain BIS from 40 to 60. The operation proceeded normally for about 1 hour, but a constant 1:1 premature ventricular complex (PVC) was detected in the course of approaching the more profound part with more strong traction for exposure of the part (Figure 2B), and blood pressure was decreased from 97/60 mmHg to 88/47 mmHg, respectively. The procedure was stopped after vital signs and ECG had changed. Arrhythmia disappeared shortly after traction was released, and vital signs were stabilized within a few seconds. When traction stimulation started for surgery again, bradycardia recurred with 35 PVCs.

FINAL DIAGNOSIS
It was diagnosed ventricular bigeminy due to TCR.

TREATMENT
To manage arrhythmia with surgical stimulation, lidocaine 2 mg/kg IV was injected to alleviate the patient's condition, but the arrhythmia induced by surgical stimulation could not be eliminated. After re-experiencing one arrhythmia with bradycardia, atropine 0.5 mg was intravenously injected. After atropine injection, wait 10 min for atropine to take effect, and arrhythmia reoccurs with retraction of the surgical field tissue. When arrhythmia has been stabilized within a few seconds after stopping the traction and the repeated occurrence of bradycardia when the surgical stimulus is given, we hypothesized that the excision hemangioma surrounding the trigeminal nerve and passing through the upper lip, by the trigeminal nerve, is stimulated and then TCR occurred (Figure 3). Therefore, the surgeon decided to perform the operation only to the extent that the vascular tissue was selectively removed only at the site where the bradycardia did not occur upon surgical stimulation, and the operation was terminated safely.

OUTCOME AND FOLLOW-UP
In the postanesthesia care unit, the patient's vital signs were all within normal range. A 12-lead ECG was performed to exclude cardiovascular causes of bradyarrhythmia and sinus rhythm with a HR of 71 beats/min with premature atrial complex and without any symptoms (Figure 1B). The patient did not show signs of postoperative bradycardia in the ward or abnormal changes in the trigeminal nerve and was discharged 6 d postoperatively.

DISCUSSION
TCR was reported to be caused by intracranial maxillofacial surgery, cranial base surgery, and cerebrovascular surgery. According to the type of brain surgery, TCR incidence was experienced from 11% to 18% of cases[4]. The trigeminal nerve is responsible for the sensory supply to the scalp, face, nose, and mouth mucosa. Stimulation of the trigeminal receptors that innervate the nasal passage area is thought to produce a crucial stimulus for initiating the trigeminal-respiratory reflex, and arrhythmias could happen with it. This reflex may be fatal but may occur when the surgical site is a peripheral region such as the lips. It may occur in a simple incision and upon suturing in close proximity to the trigeminal nerve branch or during device insertion for surgery.
In this operation, TCR reaction occurred after traction (plausibility), and when traction was stopped, TCR was also stopped, and bigeminy was reduced (reversibility). Additionally, the above phenomenon was repeatedly generated by traction (reversibility) and has shown a temporary bigeminy loss when traction or atropine was applied with weak traction. This case seems to be consistent with the definition of TCR presented by Meuwly et al[5].
The risk factors known to increase TCR incidence include hypercapnia, hypoxemia, the lighter depth of anesthesia, an individual's high resting vagal tone like younger age group, opioids, preoperative use of beta-blockers calcium channel blockers, acidosis, and the strength and length of the irritant stimulus. Opioids may increase vagal tone through their inhibitory action on the sympathetic nervous system. Beta-blockers reduce the sympathetic response of the heart and, by so doing, increase the vagal response resulting in bradyarrhythmia. Calcium channel blockers result in peripheral arterial smooth muscle relaxation and vasodilatation, causing a reduction in blood pressure[6].
This patient had relative risk factors, which include lighter anesthesia, younger age, and use of narcotics such as remifentanil. Importantly, a stronger link between a lighter depth of anesthesia and more episodes of asystole has been observed than that of a stronger depth of anesthesia. Another report has shown that TCR episodes were aborted by boluses of propofol by increasing the anesthesia depth and additional medication such as neostigmine to prevent bradycardia following propofol injection[7]. Adjusting the narcotics or anesthesia depth during surgery may be necessary. If bradycardia was maintained, a question about whether remifentanil could be stopped and atropine could be used to proceed with the operation was raised.
One of the most important factors for TCR development is the nature of surgical stimulation. Blanc[8] reported that sudden and persistent stimulation during craniofacial surgery produces TCR better than soft stimulation. Arnold et al[9] also reported that when operating gently, TCR did not occur. It is thought that the traction to the surgical tie for exposing the surgical site is a factor that increases the possibility of TCR occurrence.
Unlike, in this case, TCR may occur without pre-onset hemodynamic changes. The changes help to identify possible danger signals[10]. TCR studies have shown that CRP, noradrenaline, and specific markers of ischemic biomarkers called tissue necrosis factor - a change when TCR occurs. This suggests that it is helpful as an alternative marker that can prevent TCR development in later studies[11]. In this case, the CRP level was within normal range perioperatively.
Most of the surgeries for which TCR has been reported were eye surgery and manipulation of trigeminal nerve branches, dental surgery, and cranial surgery[12]. Reports have shown that it has also occurred in simple procedures such as skin suturing[13]. However, it was not predicted that this operation would occur in the lip of the peripheral branch. Peripheral stimulation of the nasopharynx, like rhinoplasty, may also trigger TCR[14]. Even in the peripheral area, caution is required in operation surrounding the trigeminal nerve branches. This case has shown that mixed stimulations through the skin or the mucosa and the maxilla-mandibular branch from peripheral types of TCR may cause bradycardia and hypotension[15]. Sudden bradycardia and hypotension can occur during adjacent area manipulation, and anticholinergic pretreatment like atropine and appropriate monitoring during operation is recommended to prevent cardiac reflex[16]. Moreover, more detailed events in the ECG, like the transient asystole, may occur by TCR[17]. And for the management of results, the administration of drugs such as lidocaine and atropine was not helpful in maintaining normal HR due to their vagolytic effect in a specific situation. The only and next step to maintain the normal rhythm is to stop surgical stimulation. However, the operation cannot be stopped due to the opened surgical site, and the surgical site must be exposed by fixing any device or surgical tie for proper surgical procedures. Like in this case, and if the nerves were in the vicinity from the operation site, a nerve monitoring device needs to be used, and then surgery should be performed through appropriate traction. So, appropriate monitoring equipment should be provided, and the situation should be managed appropriately if the surgical site is close to the trigeminal nerve branches. In the case of sensory nerve monitoring, the effects of inhalation anesthetics and muscle relaxants are greatly affected. In the case of monitoring and surgery, 0.5 to 0.7 minimum alveolar concentration inhalation anesthetic and train-of-four should be maintained at least 2 to ensure proper monitoring[18].

CONCLUSION
Stimulating the adjacent area of the trigeminal nerve during maxillofacial surgery is inevitable, and understanding the mechanism of TCR is necessary to avoid the technique of generating such reflexes. Intraoperative neurophysiological monitoring is recommended for high-risk surgery for the occurrence of TCR. Moreover, the surgical staff should obtain perioperative informed consent from the patients for safe surgery. During anesthesia monitoring, adequate background knowledge of the situations and risks that TCR can occur is necessary to minimize the use of drugs that can stimulate TCR occurrence, avoid hypercapnia and hypoxemia, and maintain proper anesthesia depth. In the event of TCR, the surgeon should be immediately aware of countermeasures, including stopping surgical manipulation and administering anticholinergic drugs. However, anticholinergics limit one's ability to control the reflex, and the most important thing is to stop surgical stimulation for safety if the vital signs threaten the patient's condition.
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Figure Legends
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Figure 1 Periopreative electrocardiogram of the patient. A: Preoperative electrocardiogram (ECG), Sinus rhythm, heart rate (HR) 68bpm, QT/QTc 361/384 ms; B: Postoperative ECG, showing the premature atrial complexes, Sinus rhythm with premature atrial complexes HR 71bpm, QT/QTc 392/425 ms.
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Figure 2 Images of the patient. A: Ultrasound image: Increased vascularity in the right upper lip, probably vascular malformation; B: Intraoperative picture: Tracing with black silk to expose the surgical site during the approach to the surgical site.
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Figure 3 Hemodynamic data and events with drug administration and electrocardiogram in chronological order. A: First, arrythmia occurred continuously; B: Atropine injection was administered, and arrhythmia with bradycardia disappeared; C: Second arrhythmia occurred continuously; D: Atropine injection was administered, and arrhythmia with bradycardia disappeared; E: Wait for 10 min for the atropine to take effect and arrhythmia reoccurred with re-traction of the surgical field tissue. MBP: Mean blood pressure; HR: Heart rate; BP: Blood pressure; BIS: Bispectral index; ETCO2: End-tidal CO2.
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