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QTc Interval During Desflurane
Anesthesia: The Effects of Intravenous
Lidocaine Prior to Intubation

Desfluran Anestezisi Sirasinda QTc Aralig::
Intiibasyondan Once Uygulanan
Intravendz Lidokainin Etkileri

ABSTRACT Objective: Prolongation of the corrected QT (QTc) interval is an important predictor
for the risk of polymorphic ventricular tachycardia and ventricular fibrillation. Volatile inhala-
tional anaesthetics and intubation may cause prologation in the QTc interval. Lidocaine can be use-
ful in preventing intubation-related cardiovascular responses. The aim of this study was to
investigate whether administration of intravenous (iv) lidocaine prior to intubation would prevent
the prolongation of QTc interval occuring after tracheal intubation (TI) during desflurane anes-
thesia. Material and Methods: The study group included 82 patients, all admitted for elective sur-
gery. Anesthesia induction was provided with midazolam (0.3 mg/kg). After loss of eyelash reflex,
the anaesthetic circuit was filled with desflurane and oxygen, then manually controlled ventila-
tion was started. Cisatracurium besylate (0.15 mg/kg) was administered for muscle relaxation. After
administration of muscle relaxant, either 1.5 mg/kg iv lidocaine or placebo were administered to the
patients in study group (n=41) and control group (n=41), respectively. Two minutes after the ad-
ministration of drugs, TI was performed at first attempt. The electrocardiography (ECG) recordings
were obtained at four occasions; before anesthesia induction, after reaching steady state concen-
tration of end tidal desflurane, just after intubation and 10 minutes after intubation. The QTc in-
tervals, QT dispersion (QTd) and QTcd (QTc,,,-QTcy;) Were calculated. Results: QTc interval
was prolonged after anesthesia induction. After intubation, QTc interval was significantly pro-
longed and remained so for 10 more minutes. Conclusion: In this study, lidocaine could not prevent
prolongation of the QTc interval occuring after TI during desflurane anesthesia.
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OZET Amag: Diizeltilmis QT (QTc) araliginin uzamasi, polimorfik ventrikiil tasikardisi ve ventri-
kiil fibrilasyonu i¢in 6nemli bir 6nciil bulgudur. Ugucu inhalasyonel anestetikler ve intiibasyon, QTc
araliginin uzamasina neden olabilmektedir. Lidokainin, intiibasyona bagl olarak gelisen kardiyo-
vaskiiler yanitlarin 6nlenmesinde yararli oldugu gosterilmistir. Bu ¢alismanin amaci, intiibasyon 6n-
cesi intravenéz (iv) lidokain uygulamasinin, desfluran anestezisi altindaki hastalarda trakeal
intiibasyon (TT) uygulamalari sonras: gelisen QTc araligindaki uzamay: 6nleyip énleyemeyecegini
aragtirmaktir. Gereg ve Yontemler: Calisma grubu elektif cerrahi i¢in yatirilan 82 hastadan olus-
maktadir. Anestezi indiiksiyonu midazolam (0.3 mg/kg) ile saglandi. Hastalarda kirpik refleksinin
kaybolmasindan sonra, ilk olarak, anestezi devresi desfluran ve oksijen ile dolduruldu, daha sonra,
manuel olarak kontrol edilen ventilasyona baslandi. Kas gevsetici olarak cisatracurium besylate (0.15
mg/kg) uygulandi. Kas gevsetici uygulamasindan sonra hastalara, ¢aligma grubunda (n=41) 1.5 mg/kg
iv lidocaine, kontrol grubunda (n=41) iv placebo verildi. Bu uygulamadan iki dakika sonra tiim has-
talar ilk denemede intiibe edildi. Anestezi indiiksiyonundan énce, desfluranin end tidal sabit durum
konsantrasyonuna ulastiktan sonra, intiitbasyondan hemen sonra ve intiibasyondan 10 dakika sonra
olmak tizere, dort ayr1 donemde hastalardan elektrokardiografik (ECG) 6lgiimler alindi. QTc aralik-
lar, QT dispersiyonu (QTd) ve QTcd (QT¢ - QT cpnin) hesaplandi. Bulgular: QTc araliginin aneste-
zi inditksiyonu sonrasi uzadig1 gézlendi. Intiibasyon sonrasi, QTc aralif1 belirgin olarak uzamakta ve
10 dakika bu sekilde uzamis kalmaktadir. Sonug: Bu ¢alismada, lidokainin, desfluran anestezisi altin-
daki hastalarda TT sonras: gelisen QTc araligindaki uzamay: 6nleyemedigi gosterildi.

Anahtar Kelimeler: Lidokain; dezfloran; elektrokardiyografi, ambulatuar; entiibasyon, intratrakeal
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he QT interval represents the duration of
Tventricular depolarisation and repolarisati-

on. Abnormally long and short QT intervals
have been shown to be associated with an increa-
sed risk for life threatening ventricular arrhythmi-
as and sudden cardiac death. Prolongation of the
QT interval may be congenital or acquired and is
an important marker for malignant ventricular ar-
rhythmias.'?

Since QT interval has an inverse relationship
with heart rate; bradycardia causes QT prolongati-
on, whereas tachycardia shortens it. The measured
QT intervals are generally corrected for heart rate
(heart rate corrected QT value= QTc) in order to
determine whether they are prolonged relative to
baseline or not.*Clinical studies have suggested that
the interlead variability of the QT interval in the
standart electrocardiography (ECG) should be de-
fined as the QT dispersion (QTd), reflecting regio-
nal differences in ventricular repolarization. QTd
may be useful in the assessment of dysrhythmia
risk and the efficacy of antidysrhythmic drugs. In-
creased dispersion of recovery time (QTd>100ms)
is believed to increase the risk for serious ventri-
cular dysrhythmias.

In anesthesia practice, various factors like
drugs and inhalation agents, laryngoscopy and tra-
cheal intubation, might cause prolongation in QTc
interval.>” The prolongation of ventricular repola-
risation following laryngoscopy and intubation co-
uld be related to increased activity of the
sympathetic system and increased catecholamine
release. Administration of a potent opioid or -ad-
renergic blocker is generally recommended for at-
tenuating sympathoadrenal responses elicited
following laryngoscopy and TI. Ganglionic block-
ers, antihypertensive agents, sodium nitroprusside,
nitroglycerin, barbiturates, opioids, topical or iv li-
docaine, and deep anesthesia are used for preven-
ting the hemodynamic changes (tachycardia, blood
pressure changes, arrhythmia) due to TL.#1°

Lidocaine, intravenously and locally (via
transtracheal route or laryngotracheal spray), was
found to be effective for inhibiting hemodynamic
changes related to T1.'"!? On the other hand, seve-
ral studies have shown that administration of in-
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travenous (iv) lidocaine is inefficient for attenua-

ting the cardiovascular responses.'>!*

In the following report, it was hypothesized
that inhibitory effects of lidocaine on sympathetic
system would prevent the prolongation of QTc in-
terval due to TI during desflurane anesthesia.

I MATERIAL AND METHODS

Following approval from the Bioethical Commit-
tee of the Izmir Ataturk Training and Research
Hospital, and written informed consents for study
participation were obtained, 82 patients were rec-
ruited to take part in the study. Patients undergo-
ing elective non-cardiac surgery, aged between 18
and 60 years, with ASA grade I with a preoperati-
ve QTc of < 440 ms. were enrolled in this rando-
mized, double-blind trial. With the use of a
computer generated block randomization, patients
were allocated into the groups receiving either 1.5
mg/kgiv lidocaine (lidocaine group, n= 41) or sali-
ne (control group, n= 41). The other anaesthetic
procedures were standardized in both groups. The
patients were, not premedicated. Pulse oximetry,
non-invasive blood pressure (NIBP) and concen-
tration of inspired oxygen were monitorized in all
patients besides the concentrations of end-tidal
anaesthetic and carbon dioxide (AS/5 monitors; Da-
tex Ohmeda, Bromma, Sweden).

Anesthesia induction was started with iv mi-
dazolam (0.3 mg/kg). After loss of eyelash reflex,
the anaesthetic circuit was filled with desflurane
(vol. 6%) and oxygen (94%-fresh gas flow of 8
L.min) [(Suprane™; Baxter International Inc, Les-
sines, Belgium, ADU 5/5™ (Datex Ohmeda), Ala-
din™ vaporizer (Datex Ohmeda)]. Controlled
ventilation was started manually to maintain the
end tidal CO, level within normal limits. After ste-
ady state concentration of end tidal desflurane re-
ached 1 MAC (minimum alveolar concentration),
cisatracurium besylate (0.15 mg/kg) was adminis-
tered for muscle relaxation.

Immediately after administration of the mus-
cle relaxant, lidocaine (1.5 mg/kg) was administe-
red intravenously to the patients in the study
group. Control group received same volume of
0.9% saline. All of these medications were admi-
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nistered by a physician blinded to the study drugs.
Two minutes after administration of these drugs,
TI was performed at first attempt.

Twelve-lead 12-lead ECG was recorded with
an ECG device (Cardiofax, ECG 9620L, Nihon Ko-
hden, Tokyo, Japan). The ECG recordings were ob-
tained before anesthesia induction (TO0), after
steady state concentration of end tidal desflurane
reached 1 MAC (T1), just after intubation (T2), and
10 minutes after intubation (T3). Heart rate (HR),
ECG, and NIBP were also recorded at the same ti-
me.

QT intervals were measured manually using a
magnifier by a physician who was blinded to any
other data on each individual patient. QT interval
was determined as a mean value, derived from
three consecutive cardiac cycles. It was measured
from the beginning of the earliest onset of the QRS
complex to the end of the T wave (the point that T
wave returned to the isoelectric line). If U waves
were present, the end of the T wave was taken as
the nadir of the curve between the T and U waves.
The mean value of QT interval was calculated from
all derivations. The results were expressed in mil-
liseconds.

QT correction for HR was calculated for each
derivation using Bazett’s formula (QTc=QT.RR?).
QTd was calculated as the difference between ma-
ximal and minimal QT in each of the 12 ECG leads
(QTax- QT in)- QTcd was calculated similarly

(QTCmax_ QTCmin) :

STATISTICAL ANALYSIS

A power analysis based on our pilot study sugges-
ted that a minimum sample size of 38 patients per
group would be required to detect a 15 ms diffe-
rence in means (standard deviation: 79 ms) for the
QTec interval in the anaesthetic groups (power of
96% at the p<0.05 level of significance) (NCSS-
PASS 2000, Repeated Measures ANOVA Power
Analysis).

The variables (related to QT and hemodyna-
mic findings) were analysed by “repeated measure
ANOVA” in respect to time lines (T0-T3) and the
groups. When significant differences were found
by ANOVA method, pairwise analyses were per-
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formed with Bonferroni test as post hoc method.
Student’s t-test was used for intergroup compari-
sons. A p value of <0.05 was considered significant.
Data are expressed as mean + standard deviation
(SD).

I RESULTS

The patients’ demographic data showed no signifi-
cant differences between the groups (Table 1). Nei-
ther supraventricular nor ventricular dysrhythmias
were observed during the study and no patient was
excluded from the study.

Lidocaine administration before intubation re-
sulted in stability of systolic and diastolic blood
pressure values (p= 0.07, p= 0.124, respectively);
but in the control group, blood pressures were in-
creased after intubation and statistically significant
changes were noted for systolic and diastolic blood
pressure values (p= 0.001, p= 0.005, respectively)
(Figure 1). Intergroup comparisons were statisti-

TABLE 1: Demographic characteristics
of the study groups.
Lidocaine Group  Control Group p
Age (years) 46 £13 45+ 14 0.78
Weight (kg) 70+ 12 67 + 11 0.19
Sex M/F (n) 16/25 15/26 1.0
Data are Mean + SD
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FIGURE 1: Systolic (SBP) and diastolic (DBP) blood pressure mean differ-
ences between groups at each time point. TO, before anesthesia induction;
T1, after reaching steady state concentration of end tidal desflurane; T2, just
after intubation; T3, 10 minutes after intubation.*p< 0.05 intragroup compar-
isons for TO in control group. Intergroup comparisons were statistically in-
significant at each time point (p> 0.05)
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cally insignificant at each time point (p> 0.05). The
heart rates recorded after induction and intubation
were significantly increased in both groups (p=
0.001) (Figure 2).

Desflurane was associated with a statistically
significant prolongation of QTc in both lidocaine
and control group (p< 0.05) and this prolongation
was also present 10 minutes after intubation. How-
ever, QTc prolongation in the lidocaine and con-
trol groups were similar throughout the study and
there were no statistically significant differences.
Compared with TO and T1 values, the QTc inter-
vals recorded after intubation (T2) were signifi-
cantly prolonged in both groups (lidocaine group
p<0.001 and control group p=0.003). QTc prolon-
gations following intubation were similar in both
groups with no statistically significant differences.
Intergroup and intragroup comparisons for QTd
and QTcd measurements throughout the study we-
re statistically insignificant (Table 2, Figure 3).

I DISCUSSION

In the present study iv lidocaine administration
prior to endotracheal intubation did not prevent
the prolongation of QTc interval following intuba-
tion during desflurane anesthesia.

Sympathetic nervous system activation was
observed when desflurane was added into the ins-
pired gas just after induction of anesthesia. This ac-
tivation has been noted whenever the concent-
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FIGURE 2: Mean and 95% confidence intervals of heart rate (HR) during
study. T0, before anesthesia induction; T1, after reaching steady state con-
centration of end tidal desflurane; T2, just after intubation; T3, 10 minutes
after intubation *p< 0.05 intragroup comparisons for TO.
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TABLE 2: QT measurements.

Lidocaine Group  Control Group  **p

QT TO 362 + 31 355 + 32 0.32
T1 359 + 26 354 + 32 0.47

T2 348 + 24 # 345+ 26 # 0.52

T3 362 + 32 356 + 29 0.32

QTc TO 421 +15 421 +15 0.87
T1 430 £17* 431 £ 14~ 0.79

T2 451 £ 17 # 454 + 18 # 0.42

T3 448 + 21 # 453 + 17 # 0.18

QTd T0 19+ 15 19+ 11 0.93
T1 17+ 13 22+£12 0.06

T2 20 £ 11 19+ 11 0.62

T3 22+ 10 18+ 11 0.14

QTed T0 31+ 17 32+17 0.66
T1 27+18 32+16 0.16

T2 31+14 27 £ 14 0.18

T3 29+ 13 26+ 16 0.35

T0: Before anesthesia induction

T1: After reaching steady state concentration of end tidal desflurane
T2: Just after intubation

T3: 10 minutes after intubation

Data are Mean + SD

*p< 0.05 intragroup comparisons for TO

# p<0.05 intragroup comparisons for TO and T1

** p intergroup comparisons
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FIGURE 3: Mean and 95% confidence intervals of QTc interval during dif-
ferent time points. TO, before anesthesia induction; T1, after reaching steady
state concentration of end tidal desflurane; T2, just after intubation; T3, 10
minutes after intubation; *p< 0.05 intragroup comparisons for T0; # p<0.05
intragroup comparisons for TO and T1.

ration of inspired desflurane exceeds 5-7% (appro-
ximately 1.0 MAC). Rapid increase in the concen-
tration of desflurane is associated with sympathetic
activation, causing tachycardia and hypertension
in humans."

Turkiye Klinikleri ] Med Sci 2010;30(4)
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A second possible site for eliciting sympatho-
excitatory responses might be within the central
nervous system (CNS). The rapid increase in the
partial pressure of desflurane in CNS could cause
a disinhibition of central sympathetic outf-

low.16

Studies on ventricular papillary muscles of Gu-
inea pigs revealed that desflurane related myocar-
dial depression was due to decreased Ca?* influx,
similar to the effects of isoflurane and sevoflurane.
Desflurane causes depression in the delayed out-
ward K* current which, in turn, is associated with
significant lengthening in cardiac action potenti-
als."”

Desflurane, similar to the other inhalation
agents, affects the QTc interval by its irritating ef-
fects on respiratory tract, besides eliciting sympat-
hoexcitatory responses and alterations in the

cardiac ion channels.’>!”

We determined that desflurane caused prolon-
gation of QTc, which is previously reported by Yil-
dirim and Owczuk.'®! The prolongation of QTc
interval has started after induction of anesthesia,
and may be due to symphatetic activation and the
irritating effect of desflurane on respiratory tract.
Owczuk also determined that the prolongation of
QTc interval increased with intubation, as in the
present study.' In our study, the prolongation of
QTc did not return to normal values 10 min. after
intubation, which may be due to desflurane effect.
Owczuk stated that the significant QTc prolonga-
tion may be attributable to the direct effect of the
anaesthetic on the myocardium."” However, that
study terminated just after intubation and did not
observe QT changes that might occur during the
time period following intubation. Yildirim et al al-
so found that the prolongation continued 10 min.
after reaching a steady state of 1 MAC desflurane
concentrations.'® However, they didn’t investigate
the relation between prolongation of QTc and in-
tubation.

The cardiovascular response associated with
laryngoscopy and intubation is attenuated in so-
me patients by iv administration of lidocaine (1.5
mg/kg) 1-3 min. prior to instrumentation. Then,

Turkiye Klinikleri ] Med Sci 2010;30(4)

we hypothesized that this effect of lidocaine may
also prevent the prolongation of QTc interval
which is caused by intubation. Ugur et al. showed
that iv administration of lidocaine prior to intu-
bation during sevoflurane anesthesia prevented
the increase in sympathetic autonomic cardiac
function.? However, Lin et al. stated that lidoca-
ine 3 and 5 min prior to intubation was ineffecti-
ve on autonomic regulation during tracheal
intubation under the influence of induction agents
used in general anesthesia.'* They concluded that
there was no evidence to indicate the effective-
ness of iv lidocaine on the autonomic regulation
during TT under the influence of induction agents
used in general anesthesia. In some other studies,
both iv and topical lidocaine were reported to fa-
il in attenuating the sympathetic response against
desflurane, and it was concluded that airway irri-
tation was not the only cause of this phenome-

non.2b22

In a recent study Owczuk et al. stated that li-
docaine administration prevented prolongation of
the QTc interval induced by laryngoscopy and tra-
cheal intubation.” In contrast to Owczuk et al. fin-
dings of our study demonstrates that iv lidocaine
prior to intubation cannot prevent the prolongati-
on of QTc. In the present study, TI and lidocaine
administration was performed during desflurane
anesthesia which is known to prolong QTc and dif-
ferent results from Owczuk’s study may be related
to desflurane effects.

Yildirim et al. have detected prolongation of
both QTd and QTcd in the desflurane group.' Ho-
wever, we have not detected QTd or QTcd prolon-
gation with desflurane. QT dispersion was
originally proposed to measure spatial dispersion of
ventricular recovery times. Later, it was shown that
QT dispersion did not directly reflect the dispersi-
on of recovery times and that it resulted mainly
from variations in the T loop morphology and the
error of QT measurement. The reliability of both
automatic and manual measurement of QT disper-
sion is low and significantly lower than that of the
QT interval. The measurement error is of the or-
der of the differences between different patient
groups. The agreement between automatic and ma-
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nual measurement is poor. There is little to choose
between various QT dispersion indices, as well as
between different lead systems for their measure-
ment.* The difference between the present study
and Yildirim et al.’s study for QTd and QTcd inter-
vals may be due to the low reliability of measure-
ments.

I CONCLUSION

We conclude that desflurane prolonged QTc inter-
val, tracheal intubation increased this prolongation,
and iv lidocaine 1.5 mg/kg given two minutes be-
fore intubation does not prevent intubation related
QTc prolongation during desflurane anesthesia.

Moss AJ. Measurement of the QT interval and
the risk associated with QTc interval prolon-
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