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Abstract

BACKGROUND: Sevoflurane and droperidol prolong the QT interval, and advancing age is not only associated with a prolongation of the QT interval but is also a risk factor for drug-induced QT interval prolongation. In this study, we compared the effect of sevoflurane and droperidol on the corrected QT (QTc) interval and the dispersion of ventricular repolarization (time interval from the peak to the end of the T wave [Tp-e]) in elderly patients with those in younger patients.

METHODS: Under sevoflurane anesthesia (1.5%–2.5%) with an antiemetic dose of droperidol (1.25 mg), the QT interval and the Tp-e interval, which indicates transmural dispersion of repolarization across the myocardial wall, were measured in 30 elderly patients (70 years and older) and in 30 younger patients (20–69 years) for 2 hours. The QT interval was normalized for heart rate (QTc) using 3 different formulas: Bazett, Matsunaga, and Van de Water. Data are presented as mean ± sd.

RESULTS: The elderly group was 24.4 years older (P < 0.05) than the younger group. The QTc intervals in the 2 groups before anesthesia were not significantly different. Using all 3 formulas, the QTc interval in the elderly patient group was significantly prolonged by sevoflurane (the QTc intervals at preanesthesia and 60, 75, 90, and 120 minutes after sevoflurane exposure were 0.434 ± 0.028 seconds, 0.450 ± 0.037 seconds, 0.463 ± 0.037 seconds, 0.461 ± 0.037 seconds, and 0.461 ± 0.038 seconds, respectively, with the Bazett formula). The sevoflurane-induced QTc interval prolongation in the elderly patient group was significantly greater than that in the younger patient group (0.450 ± 0.037 seconds vs 0.432 ± 0.034 seconds, 60 minutes after sevoflurane exposure; 0.463 ± 0.037 seconds vs 0.441 ± 0.037 seconds, 75 minutes after sevoflurane exposure; and 0.461 ± 0.038 seconds vs 0.436 ± 0.030 seconds, 120 minutes after sevoflurane exposure with the Bazett formula), but the sevoflurane-induced QTc interval prolongation was neither further enhanced with time nor by droperidol. The Tp-e interval was not affected in either group.

CONCLUSION: Sevoflurane causes greater QTc interval prolongation in elderly patients than in younger patients. Although sevoflurane does not affect the transmural dispersion of repolarization and sevoflurane-induced QTc prolongation does not advance with time and by droperidol administration, QT interval prolongation and its associated arrhythmias should be carefully monitored during sevoflurane anesthesia in elderly patients.

The human heart has been demonstrated to undergo changes in function with advancing age, including increased prevalence of rhythmic abnormalities.1,2 Prolongation of the QT interval in the electrocardiogram (ECG) is associated with torsade de pointes (TdP), a malignant polymorphic ventricular tachyarrhythmia. Several studies have demonstrated that advancing age is associated with a prolongation of the corrected QT (QTc) interval.3,4 Furthermore, Letsas et al.5 recently demonstrated that advanced age (>60 years) was one of the most common identifiable preexisting factors for drug-induced prolonged QT intervals.

It has been reported that sevoflurane inhibits not only hERG (human ether-à-go-go–related gene) currents (IKr) but also long QT (LQT) type 1/minK currents (IKs) and Kv4.3 currents (Ito),6–8 and induces significant QT interval prolongation.9,10 Droperidol is a butyrophenone antipsychotic drug and, at low doses (0.625–1.25 mg), was widely used as an antiemetic drug. Droperidol also blocks the IKr11,12 and causes an increase in action potential duration and QT interval prolongation.13,14

Several studies have revealed that susceptibility to TdP arises from the induction of afterdepolarization and increased dispersion of ventricular repolarization, rather than QT interval prolongation per se.15 Transmural dispersion of repolarization (TDR) across the myocardial wall can be measured on the ECG as the time interval from the peak to the end of the T wave (Tp-e).16

Several authors have already investigated the QT interval and the Tp-e interval changes induced by sevoflurane and/or droperidol administration. However, there have been few investigations of the effect of age difference on the QTc interval and the Tp-e interval changes during anesthesia, especially under sevoflurane anesthesia with droperidol, both of which prolong the QTc interval. We hypothesized that both the QTc interval and the Tp-e interval would be more prolonged by sevoflurane and/or droperidol in elderly than in younger people. In this study, we investigated the QT interval in the elderly population (70 years of age and older) and younger population (20–69 years of age) under sevoflurane anesthesia with droperidol (1.25 mg). Assessment was continued for 2 hours, because the United States Food and Drug Administration recommended that ECG monitoring be continued for 2 to 3 hours after drug administration, and QTc intervals were calculated using 3 different QTc formulas, namely, Bazett, Matsunaga, and Van de Water.17 The TDR was measured simultaneously using the Tp-e interval.
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METHODS

After obtaining institutional approval from the Kansai Medical University (Osaka, Japan) Human Subjects Review Committee and written informed consent, we enrolled 60 patients, 30 elderly patients (70 years and older) and 30 younger patients (20–69 years), classified as ASA physical status I or II. We recruited patients undergoing various kinds of elective surgery, such as abdominal, gynecological, urological, and otorhinolaryngological surgery, with an expected duration of >2 hours. Patients taking medications known to prolong the QT interval and/or with an abnormal QTc prolongation (>450 ms by the Bazett formula) were excluded. An epidural catheter was inserted before anesthesia induction at the doctor's discretion. In all patients, the II lead was recorded throughout the operation. ECG signals were networked to a server storage system, and the ECG recordings were retrieved after the operation. Anesthesia was induced with 2 mg/kg propofol and 100 μg fentanyl, and tracheal intubation was performed after administration of 0.1 mg/kg vecuronium. Anesthesia was maintained with 1.5% to 2.5% sevoflurane with O2 and air and either intermittent fentanyl administration (100 μg just before skin incision followed by 50 μg approximately every 1 hour) for patients without epidural anesthesia or epidural anesthesia with an initial bolus of 4 to 5 mL of 0.375% ropivacaine followed by intermittent 2 to 3 mL of 0.375% ropivacaine approximately every 2 hours. Droperidol was administered 1 hour after the start of sevoflurane exposure. RR intervals, QT intervals (from the onset of the QRS complexes to the end of the T wave), and Tp-e intervals were measured manually by 2 investigators. The QT interval was adjusted for the patient's heart rate using the formulas of Bazett (QTc = QT/[RR/1000]1/2), Matsunaga (QTc = log 600 × QT/log RR), and Van de Water (QTc = QT − 0.087 × [RR − 1000]), where a unit of the RR interval is given in milliseconds.17

Results are presented as mean ± sd. Sample size was calculated with 80% power (α = 0.05 and β = 0.20) to detect a mean difference of 0.02 seconds of the QTc interval between the elderly and younger patients (baseline QTc: 0.420 seconds) and 0.03 seconds of sd with the unpaired t test. This generated an estimate of 28 patients per group. Comparisons of age, and the QTc and the Tp-e intervals at the same time points (before anesthesia induction, just before droperidol administration [60 minutes after the start of sevoflurane exposure], 15 minutes [75 minutes after the start of sevoflurane exposure], 30 minutes [90 minutes after the start of sevoflurane exposure], and 1 hour after droperidol administration [120 minutes after the start of sevoflurane exposure]) between groups were performed using the unpaired t test. The changes in the QTc and the Tp-e intervals within groups were analyzed by 1-way analysis of variance for repeated measures followed by the Bonferroni post hoc test. A P value <0.05 was considered statistically significant.
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RESULTS

The elderly group was 24.4 years older (P < 0.05) than the younger group (Table 1). The QTc intervals in the 2 groups before drug administration were not significantly different. No critical arrhythmias occurred, and no electrolyte abnormalities were observed in either group. Using all 3 formulas, the QTc interval in the elderly group was significantly prolonged by sevoflurane, and the sevoflurane-induced prolongation was neither further enhanced with time nor by droperidol. In contrast, in the younger group, the QTc interval was prolonged only after droperidol administration in one instance (Table 2). The QTc intervals in the elderly group were significantly longer than in the younger group after sevoflurane anesthesia (Table 2). A linear regression analysis of age versus the QTc interval (Bazett formula) showed a good correlation only after sevoflurane exposure (Fig. 1); the correlation coefficients between age and the QTc intervals 60, 75, 90, and 120 minutes after sevoflurane exposure were 0.4690 (P = 0.0002), 0.4477 (P = 0.0003), 0.3840 (P = 0.0025), and 0.4070 (P = 0.0012), respectively. The Tp-e interval was not affected in either group (Table 3).
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[image: Figure 1]Figure 1. The QTc interval (Bazett formula) at 60 minutes after sevoflurane exposure (y-axis) is plotted against age (x-axis). The formula of the regression line is Y = 0.000,990 × X + 0.377 (solid line). The coefficient of determination (r2) is 0.22 (P = 0.0002).
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DISCUSSION

In this study, we demonstrated that sevoflurane significantly prolonged the QTc interval in elderly patients, and the prolongation was significantly greater than in younger patients (Table 2) in all 3 QTc formulas. The results suggest that anesthesiologists should be cautious when using sevoflurane in elderly patients. However, because the Tp-e was unaffected, sevoflurane did not meet the criteria for inducing lethal arrhythmias. It is unclear how much it might increase the risk in patients with a prolonged QT interval or increase Tp-e as seen in patients with congenital LQT syndrome (because of a variety of channel mutations), medicated with drugs that prolong QT interval (certain antiarrhythmics, psychotherapeutics, and antihistamines), or with hypokalemia. On the contrary, because sevoflurane inhibits both cardiac Ca2+ channels and Na+ channels,18,19 it may occasionally contribute as an antiarrhythmic agent.

In 2001, the United States Food and Drug Administration issued a “black box” warning regarding the use of droperidol for the treatment and/or prevention of postoperative nausea and vomiting and the potential for drug-induced QT prolongation and TdP. The warning imposed ECG recording before administration in all patients to determine whether a prolonged QT interval was present, and recommended that ECG monitoring be continued for 2 to 3 hours after drug administration. However, Habib and Gan20 reviewed 10 cases in the Food and Drug Administration database in which serious cardiovascular events were possibly associated with droperidol administration (≤1.25 mg) and found that there were several complicating factors that made it impossible to establish the precise cause of the adverse cardiac events. Furthermore, serious cardiac adverse events or death occurred <20 minutes after droperidol administration in at least 4 of the 10 cases (in 4 of 6 cases in which information of timing before cardiovascular events was available).20 In addition, White et al.21 reported that use of a small dose of droperidol (0.625–1.25 mg) during general anesthesia was not associated with a statistically significant increase in the QTc interval compared with saline. In this study, droperidol did not exacerbate the sevoflurane-induced QTc interval prolongation in the elderly population. Conversely, the QTc interval was not significantly prolonged by sevoflurane in the younger population but was significantly prolonged after droperidol administration (Table 2). This result means that sevoflurane does not affect the QTc interval in younger patients or may have been due to insufficient statistical power, because we found a small, but not statistically significant, increasing trend in the QTc interval after sevoflurane exposure. Previously, we and other groups reported that sevoflurane significantly prolonged the QTc interval in younger patients,9,10,22 but there are some conflicting reports that failed to demonstrate sevoflurane-induced QT interval prolongation.23

There are some explanations for the pronounced prolongation of QTc with advanced age. These include cardiac hypertrophy and a distinct increase in fibrosis in elderly people,1,2 which cause abnormal impulse formation and conduction. Hypertension is likely to cause left ventricular hypertrophy, which is a risk factor for life-threatening ventricular dysrhythmias and sudden cardiac death when the QT is prolonged,24 and is a risk factor that predisposes to drug-induced QT prolongation.5 In this study, more elderly patients were hypotensive than younger patients. Therefore, QTc prolongation with advanced age could be attributed to not only aging but also hypertension, which causes cardiac hypertrophy.

Various correction formulas have been proposed to normalize the QT interval for heart rate (QTc). Use of the Bazett formula is rooted deeply in medical practice, but this equation has been criticized because of its inaccuracy.25 More specifically, it overcorrects the QT interval at rapid heart rates and undercorrects it at slow rates.17 Some investigators recommend that Matsunaga and/or Van de Water formulas would better predict the net repolarization delay.17 We previously found that the Matsunaga and Van de Water formulas were more reliable and sensitive than the Bazett formula at detecting the sevoflurane-induced QTc interval prolongation in patients aged 20 to 70 years, and several patients were already categorized into an abnormal QTc interval group (>450 ms)26 even before sevoflurane exposure (20 of 102) in the operating theater if we used the Bazett formula.22 In this study, the number of patients with a QTc interval >450 ms before anesthesia was 12 of 30 in the elderly patients and 5 of 30 in younger patients as determined by Bazett formula, 0 of 30 and 0 of 30 by Matsunaga formula, and 2 of 30 and 1 of 30 by Van de Water formula. We suggest that this was caused by patient anxiety in the operating room before anesthesia. The patients' heart rates were very rapid, and consequently, the QT interval was overcorrected for heart rate using the Bazett formula.

Several potential limitations of our study should be considered. First, the maximal QTc interval prolongation by droperidol may have been missed, because Charbit et al.14 reported that it occurred at the second minute after droperidol administration although significant QTc prolongation was still observed even 15 minutes after droperidol administration. Second, because we conducted the study in ordinary clinical settings to measure the QT interval for 2 hours, anesthetic methods (e.g., with or without epidural anesthesia) and anesthetic concentrations were not strictly regulated, and the type of surgery was not limited; paradoxically, that is why our results may be important because they apply to various types of anesthesia and surgery. Furthermore, we think that the QTc interval is not likely to be greatly prolonged by stress and pain per se, as long as the patient does not have LQT type 1 syndrome, in which IKs is blocked27 because β-adrenergic stimulation by stress and pain activates not only Ca2+ channels, which increases cation influx, but also IKs,28 which increases cation efflux. Alternatively, IKr is exclusively inhibited in almost all cases of drug-induced QT prolongation. However, both fentanyl at the doses we used and ropivacaine administered epidurally were unlikely to affect the QTc interval and the Tp-e interval directly, because their expected plasma concentrations seem too low to block the IKr.29,30

In conclusion, sevoflurane significantly prolonged the QTc interval in elderly patients, and the prolongation was significantly greater than in younger patients. However, neither sevoflurane nor droperidol affect the TDR, sevoflurane-induced QTc interval prolongation does not advance with time, and droperidol does not enhance the sevoflurane-induced QTc interval prolongation in elderly patients.
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Preanesthesia

Pre-Dro (60 min after Sevo)
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Sevo = sevoflurane; Dro = droperidol.
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Table 1. Baseline Characteristics of the

Study Population

70 y or Older Younger than 70 y
(n = 30) (n = 30)
Age, y 74.9 + 4.1% 50.5 + 15.7
Gender Male = 13, female = 17 Male = 14, female = 16
Hypertension 25 12
Epidural 17 14
anesthesia
Type of Abdominal surgery (9) Abdominal surgery (12)
surgery Orthopedics (10) Orthopedics (9), urology (1)
Otorhinolaryngology (4)  Otorhinolaryngology (3)
Gynecology (7) Gynecology (5)

* P < 0.05 versus younger than 70 y old group.
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Table 2. QTc Intervals Before and After Sevoflurane and Droperidol Administration Using Bazett’s,

Matsunaga’s, or van de Water’s Formulae (s)

70 Years Old or Older Younger than 70 Years Old
QTc (Bazett's formula)
Preanesthesia 0.434 = 0.028 0.427 *+ 0.032
Predroperidol (60 min after sevoflurane) 0.450 = 0.037*t 0.432 = 0.034
15 min after droperidol (75 min after sevoflurane) 0.463 * 0.037*t1 0.441 + 0.037*
30 min after droperidol (90 min after sevoflurane) 0.461 * 0.037* 0.445 * 0.032*%
1 h after droperidol (120 min after sevoflurane) 0.461 * 0.038*1 0.436 = 0.030
QTc (Matsunaga’s formula)
Preanesthesia 0.378 + 0.023 0.371 * 0.031
Predroperidol (60 min after sevoflurane) 0.402 * 0.034§| 0.383 + 0.033
15 min after droperidol (75 min after sevofiurane) 0.405 * 0.034§ 0.389 + 0.0368
30 min after droperidol (90 min after sevoflurane) 0.404 * 0.033§ 0.388 + 0.033§
1 h after droperidol (120 min after sevoflurane) 0.403 + 0.034§]| 0.387 + 0.030§
QTc (van de Water's formula)
Preanesthesia 0.411 = 0.024 0.404 = 0.030
Predroperidol (60 min after sevofiurane) 0.435 + 0.0359# 0.415 * 0.033
15 min after droperidol (75 min after sevoflurane) 0.440 = 0.0359 0.422 = 0.0379
30 min after droperidol (90 min after sevoflurane) 0.439 + 0.034¢ 0.421 + 0.0349
1 h after droperidol (120 min after sevofiurane) 0.438 = 0.0359# 0.420 = 0.0319

* P< 0.05 versus preanesthesia.

t P < 0.05 versus under 70 y group.
f P < 0.05 versus predroperidol.

§ P < 0.05 versus preanesthesia.

| P < 0.05 versus under 70 y group.
{ P < 0.05 versus preanesthesia.

# P < 0.05 versus under 70 y group.





