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Reduced efficacy of 
simulated epidural test 
doses in sevoflurane- 
anesthetized adults 

I~m'po~: To determine the hemodynamic responses to, and the efficacy of epinephrine-containing epidural test 
doses, during sevoflurane anesthesia, based on the conventional heart rate (HR) increase >20 beats'rain -f, the 
modified HR increase if ~ 10 beats'rain -t, and the systolic blood pressure (SBP) increase 15 mmHg criteria. 
Methods: One hundred and twenty patients were randomised to receive sevoflurane 0.5, I or 2% end-tidal 
(n = 40 each) and nitrous oxide 67% in oxygen after tracheal intubation. Each group of patients was further divid- 
ed into groups receiving 3 ml lidocaine 1.5% plus 15/~g epinephrine (1:200,000) iv, or 3 ml normal saline (n = 
20 each). The HR and SBP were monitored for four minutes after injection of the study drug. 
l~a:stdts: Intravenous injection of the test dose produced HR increases 220 beats-min -I in l8 (90%), 16 (80%) 
and 14 (70%) patients at sevoflurane concentrations at 0.5, I and 2%, respectively, while those receiving saline 
developed no HR changes. Based on the modified HR criterion, sensitivity, specificity, and positive and negative 
predictive values were ~all 10096 under sevoflurane concentrations of 0.5 and 1%, but not 2~ On the other 
hand, all patients in the test dose groups and none in the saline groups developed SBP ~ 15 mmHg, ensuring 
100% efficacy based on the conventional SBP criterion under all sevoflurane concentrations studied. In all patients 
receiving the intravenous test dose, peak HR occurred 30-45 sec earlier than that of SBP. 
Conclusion: During stable sevoflurane anesthesia, peak HR increase ~ 10 beats'rain -I should be regarded as a 
positive response with end-tidal sevoflurane concentration s 1%, and peak SBP increase _~ 15 mmHg is applica- 
ble at sevoflurane concentrations between 0.5 and 296. 

ObjectS": DEterminer les rEponses hEmodynamiques ~ des doses tests p&idurales contenant de I'EpinEphrine 
et en verifier I'efficacitE pendant I'anesth&ie au sEvoflurane. Les essais sont bases sur I'augmentation habituelle de 
la frEquence cardiaque(FC)> 20 battements'min -I, I'augmentation modifiEe de la FC si > 10 battements.min -I et 
le crit&e d'accroissement > 15 mmHg de la tension art&ielle systolique (-I-AS). 
M & h o d e  : Cent vingt patients ont ErE rEpartis au hasard et ont re~u du sEvoflurane 0,5, I ou 2 96 (fin d'expi- 
ration) (n = 40 dans chaque groupe) et un melange de protoxyde d'azote, ~ 67 %, et d'oxygEne apr& I'intuba- 
tion endotrach~ale. Chaque groupe a ensuite EtE divisE en sous-groupes ~ qui on a administrE 3 ml de lidocai'ne 
1,5 % et 15/Jg d'EpinEphrine (I :200 000) iv, ou 3 ml de solution salEe (n -- 20 chacun). La FC et la TAS ont &E 
surveill&s pendant quatre minutes apr& I'injection du medicament &udi~. 
REsultats : I'injection intraveineuse de la dose test a produit une augmentation de la FC>20 battements.min -~ 
chez 18 (90 %), 16 (80 %) et 14 (70 %) patients pour des concentrations de sEvoflurane de 0 5, I et 2 %, 
respectivement, tandis que ceux qui ont re~u une solution sal& front pas subi de changement de FC. Sur la base 
du cri&e modifiE de FC, la sensibilit& la sp&ificitE et les valeurs prEdictives positives et negatives ont ~tE de 100 
% avec les concentrations de sEvoflurane de 0,5 % et de 1% mais non avec la concentration de 2 %. Par ailleurs, 
tousles patients qui ont re~u des doses tests ont d~veloppE une TAS > 15 mmHg, contrairement aux patients 
qui ont re~u une solution salEe, ce qui assure 100 % d'efficacit& basEe sur le crit&e habituel de TAS, de toutes 
les concentrations de s&oflurane &udiEes. Chez tousles patients qui ont re~u des doses tests intraveineuses, on 
a enregistrE la FC maximale 30-45 s plus t6t que celle de la TAS. 
Conclusion : Pendant une anesth&ie stable au s~voflurane, I'accroissement de la FC> l0 battements.min -~ 
devrait &re consid&E comme une reaction positive avec des concentrations de sEvoflurane de fin d'expiration 
I%, et raccroissement de TAS maximale > 15 mmHg se manifeste ~ des concentrations de sEvoflurane entre 0,5 
e t2  %. 
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434 CANADIAN JOURNAL OF ANESTHESIA C OMBINED epidural-general anesthesia is 
used increasingly in clinical practice. I In 
such cases, intravascular migration of the 
epidural catheter may result, while inad- 

vertent iv injection of  a large amount of local anes- 
thetic solution with epinephrine could result in lethal 
central nervous system or cardiac sequelae. 2,3 

Imperfect positioning of  the epidural catheter may 
be identified with a test dose. However, in a previous 
study, during isoflurane anesthesia, we demonstrated 
that a simulated iv injection of a test dose containing 15 
pg epinephrine produced unreliable heart rate (HR) 
increases based on conventional H R  criteria (positive >_ 
20 beats.min -1 increase), derived from awake, unmed- 
icated healthy volunteers. 4,s Since H R  variability is 
depressed during general anesthesia, 6 a modified H R  
criterion (positive 210 beats-min -I increase) derived 
from 95% confidence interval of the peak H R  changes 
after an iv test dose was reliable with isoflurane _< 1%. s,7 
Depression of H R  responses during isoflurane anesthe- 
sia occurred in a concentration-dependent manner, ie. 
more profound depression of H R  response at higher 
isoflurane concentrations, s This is in accordance with in 
vitro experiments showing direct negative effects of 
volatile anesthetic agents on the responsiveness of the 
sino-atrial node to chronotropic agents, such as epi- 
nephrine and isoproterenol, s 

Sevoflurane, a new halogenated volatile anesthetic 
agent, produces rapid, smooth induction and emer- 
gence from anesthesia. 9,1~ Like other volatile agents, 
sevoflurane acts as a t3-adrenoceptor antagonist on the 
pacemaker cells H and conducting system of myocar- 
dial tissue. 12 Therefore, it is likely that the H R  
response to an iv test dose is similarly depressed dur- 
ing sevoflurane anesthesia as during isoflurane anes- 
thesia. The present study was designed to determine, 
in a concentration-dependent manner, hemodynamic 
responses to, and the efficacy of  simulated iv test dose 
in healthy adult patients during sevoflurane anesthesia. 

Methods 
This study was approvcd by our Institutional Research 
Committcc and informcd consent was obtaincd from 
each paticnt. Onc hundrcd and twcnty nonpregnant, 
ASA I paticnts schcdulcd to undcrgo gcncral ancsthc- 
sia for clcctivc surgcry wcrc studicd. Nonc of thc 
paticnts wcrc taking i~-blockcrs or calcium channel 
blockers. 

Aftcr fasting for 8-10 b_r, all patients wcrc prcmcd- 
icatcd with 150 mg ranitidine po 90 rain beforc induc- 
tion of gencral ancsthcsia, and were subsequently 
randomly assigncd to one ofthrcc groups: scvoflurane- 
0.5%, 1.0% and 2.0%(n = 40 each). In cach group, 

patients were further randomised to receive either 3 ml 
lidocaine 1.5% containing 15 pg epinephrine 
(1:200,000) iv or 3 ml normal saline (n = 20 each) iv. 
The anesthesia technique was standardized. On arrival 
at the operating room, control blood pressure (BP) and 
H R  were obtained noninvasively. An arterial cannula 
was placed in the radial artery after local anesthetic infil- 
tration for subsequent BP measurements. Lactated 
Ringer's solution was started and maintained at con- 
stant rate of approximately 15 ml-kg-l.hr -1 throughout 
the study. Following induction of  general anesthesia 
with 5 mg.kg -1 thiamylal iv, tracheal intubation was 
facilitated with 0.2 mg.kg -1 vecuronium iv. Anesthesia 
was maintained with sevoflurane end-tidal 0.5%, 1.0% 
or 2.0% plus nitrous oxide 67% in oxygen. The lungs 
were mechanically ventilated using a tidal volume 10 
ml.kg -I and a respiratory rate 7-10 breaths.min -I to 
maintain PETCO2 30-35 mm Hg (Excel 210, Ohmeda, 
Louisville, CO). When three measurements of systolic 
BP (SBP) and HK determined at one minute intervals 
were within • 5% of the previous value, steady state 
end-tidal sevoflurane was obtained (no change in end- 
tidal concentration at constant inspiratory concentra- 
tion for >fve minutes), and >20 min had elapsed after 
induction of general anesthesia, either saline or a simu- 
lated epidural test dose was injected into a peripheral 
line over three seconds. The SBP measured invasively 
and H R  obtained from standard lead II electrocardiog- 
raphy were continuously recorded for four minutes 
after iv injections, and subsequently analysed at 20-see 
intervals. Investigators observing hemodynamic 
changes were blinded to the patient treatment group. 
At the completion ofhemodynamic observations, arte- 
rial blood sampling was performed to measure pH, 
PaCO2, PaO2, base excess, potassium, ionized calcium, 
and blood glucose concentrations. All hemodynamic 
measurements and arterial blood sampling were per- 
formed in the supine position before initiation of the 
scheduled surgery. 

Prospectively, an increase in H R  was defined as clini- 
caUy significant if the increase was z20 beats.min -1 (con- 
ventional HK criterion) 4 or ->10 beats.min -1 (modified 
H R  criterion), s7 An increase in SBP _>15 mmHg was 
regarded as clinically significant (SBP criterion). 4 In 
addition to maximum H R  and SBP responses, sensitivi- 
ty, specificity, and positive (+PV) and negative predictive 
values (-PV) were determined based on the hemody- 
namic criteria. Sensitivity was calculated as the number 
of true-positives divided by the number of true-positives 
plus false-negatives; specificity was the number of true 
negatives divided by the number of true negatives plus 
false-positives; positive predictive value (+PV) was the 
number of true positives divided by the number of true 
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FIGURE Changes in heart rate (upper panel) and systolic blood 
pressure (lower panel) after iv injection of  the test dose consisting o f  
3 ml lidocaine 1.5% plus 15 tag epinephrine (1:200,000) in healthy 
adult patients anesthetized with end-tidal sevoflurane 0.5, 1.0 and 
2.0% (n = 20 each) and nitrous oxide in oxygen before surgery. 
Values are mean • SD. * P < 0.05 vs baseline (preinjection) values. 

positives plus false-positives; negative predictive value 
(-PV) was the number of true negatives divided by the 
number of true negatives plus false-negatives. 

A power analysis based on a previous report 
revealed that more than 16 patients would provide a 
power greater than 0.8 (P = 0.05) for detection of  a 
25% difference in paired hemodynamic responses. 4 All 
data are expressed as mean • SD. Patient demograph- 
ic and hemodynamic data were compared using chi- 
squared test or unpaired Student's t test with 
Bonferroni's correction to adjust for multiple compar- 
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isons. Pair-wise hemodynamic data in each group were 
analysed first by repeated-measures analysis of  variance 
followed by paired Student t test with Bonferroni's 
correction. Correlations between patients' demo- 
graphic data, epinephrine dose and baseline H R  vs 

hemodynamic changes were examined using Pearson's 
correlation coefficient. A P value <0.05 was consid- 
ered statistically significant. 

Results 
There were no differences among the sevoflurane 
groups in terms of demographic data, and preinduc- 
tion and baseline (preinjection) BP and H R  (Table I). 
Baseline BP immediately before the simulated epidur- 
al test dose injection during general anesthesia was less 
than the preinduction values within each group (P < 
0.01), while baseline H R  in the sevoflurane 0.5 and 
1.0% groups was less than the preinduction values (P 
< 0.05). Baseline SBP in the sevoflurane 2.0% group 
was smaller than in the sevoflurane 0.5 and 1.0% 
groups (P < 0.05). No differences in these variables 
were seen between the test dose and saline groups at 
each sevoflurane concentration (data not shown). 

Intravenous injection of the test dose caused bipha- 
sic changes in H R  in all groups, ie. initial increases fol- 
lowed by subsequent decreases (Figure 1), while iv 

saline caused no hemodynamic alteration. Increases 
compared with the baseline values in H R  were seen in 
all groups within interval of  40-80 sec after test dose 
injections, while H R  decreases were seen in the 
sevoflttrane 0.5, 1.0 and 2.0% groups within intervals 
of 240, 160-240, and 180-240 sec, respectively. Mean 
maximum increases (ranges) in H R  in the sevoflurane 
0.5, 1.0, and 2.0% groups were 34 • 13 (18-68), 25 • 
9 (10-44), and 24 + 13 (5-46) beats.min -1, which 
occurred at 59 + 9 (37-78), 62 • 9 (47-80), and 55 • 
9 (38-72) sec after test dose injections, respectively. 

The SBP changes were monophasic, and increases 
from baseline values were observed within the inter- 
vals of 40-240, 40-220, and 40-200 sec after test dose 
injections in the sevoflurane-0.5, -1.0, and -2.0% 
groups, respectively (Figure 1). Mean maximum 
increases (ranges) in SBP were 63 • 26 (20-106), 65 
• 26 (28-114), and 53 • 28 (15-131) mmHg, which 
occurred at 94 • 18 (73-130), 100 • 18 (60-123), 
and 95 • 25 (48-135) s after test dose injections, 
respectively. Five (25%), five (25%) and two (10%) 
patients in the sevoflurane 0.5, 1.0, and 2.0% groups, 
respectively, developed SBP greater than 180 mmHg. 

In those receiving iv test doses in the sevoflurane 0.5, 
1.0, and 2.0% groups, 18, 16, and 14 (of 20 patients), 
respectively, developed maximum H R  increments a 20 
beats.min -1, while all patients in the saline groups had a 
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TABLE I Patient characteristics, and preinduction and baseline blood pressure and heart values 

Sevoflurane-0.5% ( n = 4 0 )  Sevoflurane-I.0% ( n = 4 0 )  Sovoflurane-2.0% (n=40) 

Age (yr) 42 • 11 43 • 13 42 • 14 
Weight (kg) 57 • 10 57 + 9 58 • 11 
Height (cm) 160 • 8 162 • 8 161 • 10 
Sex (male / female) 18 / 22 18 / 22 17 / 23 

Preinductio# 
SBP (mmHg) 129 • 13 131 + 17 129 • 14 
DBP (mmHg) 81 • 10 79 • 12 79 • 9 
HR (beats.min -l) 75 • 13 72 • 12 74 • 13 

Baseline b 
SBP (mmHg) 106 • 13" 102 • 12" 95 • ll*'f 
DBP (mmHg) 62 • 9* 59 • 8* 58 • 10" 
HR (beats.rain -1) 66 :~ 12" 66 • 11" 71 • 12 

Values are mean • SD or numbers. 
Obtained immediately before induction of general anesthesia; b Obtained immediately before study drug injections. 

SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate 
* P< 0.05 vs preinduction values. 
1" P< 0.05 vs sevofltwane 0.5 and 1.0% 

TABLE II Sensitivity, specificity, and positive and negative predictive values of epidural test dose containing 15 lag epinephrine based on 
the peak heart rate and systolic blood pressure in adult patients during stable 0.5%, 1.0%, and 2.0% end-tidal sevoflurane and nitrous oxide 
anesthesia 

Group Sevoflura ne-0.5 % Sevoflurane-1. 0% Sevoflurane-2. 0% 

Heart rate criterion (2 20 beats.rain q) 
Sensitivity 90% (18 / 20) 80% (16 / 20) 70% (1.4 / 20) 
Specificity 100% (20 / 20) 100% (20 / 20) 100% (20 / 20) 
Positive predictive value 100% (18 / 18) 100% (16 / 16) 100% (14 / 14) 
Negative predictive value 91% (20 / 22) 83% (20 / 24) 77% (20 / 26) 

Heart rate criterion (2 10 beats.min -1) 
Sensitivity 100% (20 / 20) 100% (20 / 20) 95% (19 / 20) 
Specificity 100% (20 / 20) 100% (20 / 20) 100% (20 / 20) 

Positive predictive value 100% (20 / 20) 100% (20 / 20) 100% (19 / 19) 
Negative predictive value 100% (20 / 20) 100% (20 / 20) 95% (20 / 21) 

Systolic blood pressure criterion (2 15 mmHg) 
Sensitivity 100% (20 / 20) 100% (20 / 20) 100% (20 / 20) 
Specificity 100% (20 / 20) 100% (20 / 20) 100% (20 / 20) 
Positive predictive value 100% (20 / 20) 100% (20 / 20) 100% (20 / 20) 
Negative predictive value 100% (20 / 20) 1OO% (20 / 20) 1OO% (20 / 20) 

Values are percentages (numbers). 

maximum H R  increase <20 beats-min q .  Therefore, sen- 
sitivity / specificity / +PV / -PV based on the conven- 
tional H R  criterion in the sevoflurane 0.5, 1.0, and 2.0% 
groups were 90 / 100 / 100 / 91%, 80 / 100 / 100 / 
83%, and 70 / 100 / 100 / 77%, respectively (Table II).  
Based on the modified H R  criterion, sensitivity / speci- 
ficity / +PV / -PV in the sevoflurane 0.5, 1.0, and 2.0% 
groups were 100 / 100 / 100 / 100%, 100 / 100 / 100 
/ 100%, and 95 / 100 / 100 / 95%, respectively (Table 
II).  O n  the other hand, none o f  the patients receiving 

saline and all those receiving the iv test dose developed 
maximum SBP increments 15 m m H g ,  resulting in sensi- 
tivities, specificities, +PV and -PV 100% at all sevoflurane 
concentrations studied. 

N o n e  o f  the patients developed hypoxemia  (PaO 2 
100 m m H g ) ,  hypercarbia ( P a C O  2 ~ 45 m m H g ) ,  
hypocarbia (PaCO 2 <30 m m H g ) ,  or  hypoglycemia 
(b lood glucose < 80 mg.dL-1).  Plasma potassium and 
ionized calcium concentrat ions were within normal  
ranges in all patients. N o  correlations were demon-  
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strated between the maximum changes in H R  vs age, 
body weight, epinephrine dose in mg.kg -1, or baseline 
H R  within each group. No arrhythmia associated with 
epinephrine injection was observed in any patient. 

Discussion 
The present study has demonstrated that the conven- 
tional H R  criterion is unreliable in detecting iv injec- 
tion of lidocaine plus 15 lag epinephrine during stable 
sevoflurane 0.5-2.0% anesthesia. On the other hand, 
modification of  the H R  threshold to 10 beats.min -1 
during sevoflurane <1% as well as the conventional 
SBP criterion at end-tidal sevoflurane concentration 
<2% seem to be appropriate, since no false-positives or 
false-negatives were observed. 

We have shown in a previous similar study using 
isoflurane, that the H R  response to iv injection of the 
same test dose was depressed in a concentration-depen- 
dent manner, s During approximately 0.5 MAC isofiu- 
rane, 100% sensitivity and specificity were obtained 
based on the conventional H R  criterion. In the present 
study, however, the efficacy did not reach 100% even at 
0.25 MAC of sevoflurane based on the same H R  
threshold. Therefore, it is likely that sevoflurane 
depresses the maximum H R  response to epinephrine to 
a greater extent than isoflurane at equipotent concen- 
trations, although no comparative study has been made. 

Optimal drugs, doses, methods, and the efficacy of 
epidural test doses continue to be sought during gener- 
al anesthesia. Previous studies demonstrated that isopro- 
terenol, as a chronotropic marker, produced more 
reliable H R  changes than epinephrine in isoflurane- 
anesthetized patients, I3 even though the issue ofneuro- 
toxicity associated with epidural isoproterenol and 
hypotension due to iv isoproterenol may limit its clinical 
usefulness at the present time. 14 Efficacy of air in detect- 
ing intravascular injection has been determined in 
labouring women, It and changes in skin perfusion, I6 
but not temperature, after an epidural test dose seemed 
to be a reliable predictor of correct catheter placement. 
However, these procedures require Doppler equipment, 
and may not be applicable in certain surgical procedures. 
Moreover, T-wave amplitude is known to change in 
response to physical and mental stress, 17 iv infusion of 
epinephrine, is and absorption of epinephrine-contain- 
ing lidocaine during brachial plexus blockade) 9 
Whether changes in T-wave morphology could be a reli- 
able marker during general anesthesia, and the efficacy 
for iv injection of the test dose based on such novel cri- 
teria remain to be determined. 

Interpretation of  the present results should be con- 
fined to the dose of  epinephrine employed in our 
study: failure to demonstrate reliable H R  increments 

during sevoflurane anesthesia may have been due to an 
inadequate dose of  epinephrine. However, in our pre- 
vious study, 22.5 lag epinephrine iv augmented the 
SBP response compared with 15 lag epinephrine dur- 
ing isoflurane 1%, but not the H R  response, possibly 
as a result of greater baroreflex-mediated slowing of  
HR. s On the other hand, 7.5 lag epinephrine iv eficit- 
ed insufficient SBP and H R  responses according to 
any hemodynamic criterion, s Given the fact that in 
awake, unmedicated volunteers, 10 or 15 lag epineph- 
fine reliably produces H R  increases 220 beats.min -1, 
and the H R  response to iv epinephrine is profoundly 
depressed under general anesthesia, it seems reason- 
able to assume that at least 15 lag epinephrine should 
be used as a component of the test dose to demon- 
strate clinically detectable hemodynamic responses. 

A previous report by Liu 2~ demonstrated that high 
thoracic epidural-general anesthesia depressed both H R  
and SBP responses to an iv test dose containing 15 lag 
epinephrine, when compared with low thoracic epidural- 
general anesthesia and during awake state. On the other 
hand, Gieraerts et aL 21 showed that in labouring women 
sensitivity and specificity remained unchanged after low- 
thoracic epidural analgesia was established. These obser- 
vations imply that our present results could be influenced 
by the extent of epidural neural blockade, especially if the 
block level reached high thoracic dermatomes. In addi- 
tion, regression of epidural analgesia and concomitant 
surgical sti ulafion may lead to a false positive response 
to a test dose injection. Ultimate validation of these 
hemodynamic criteria, therefore, require clinical trial 
during surgery when reinforcing doses of epidural local 
anesthetic are needed. Furthermore, the use of multi- 
holed epidural catheter would make clinical judgment of 
intravascular migration of the catheter difficult, since 
only a part of local anesthetic solution may be injected 
intravascularly. Until more reliable methods are identi- 
fied irrespective of the anesthetic technique, the depth of 
general anesthesia, and the presence and extent of 
epidural neural blockade, a "top-up" dose of local anes- 
thetic with or without epinephrine should be given slow- 
ly in incremental manner while close attention is being 
paid on hemodynamic changes following each dose. 

Whether an arterial line should be placed in all 
patients during combined epidural-general anesthesia 
remains to be debated. One disadvantage of the oscil- 
lometric method is its inherent errors associated with 
BP determinations. Indeed, Borow and Newburger 
compared the difference in SBP between noninvasive 
and invasive methods in patients undergoing cardiac 
catheterization, and found almost a 10 mmHg differ- 
ence in the maximal difference of SBP with a percent 
mean maximal error of 1%-3% within subjects. 22 These 
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results imply that when clinical judgment is based sole- 
ly on the peak SBP measured noninvasively, such errors 
may lead to increased false positive or negative respons- 
es. Furthermore, the frequency o f  BP measurements 
with a noninvasive method is usually limited to 30-60 
sec. Hence, a brief SBP change may be missed even 
with frequent BP measurement. One can also argue 
that the clinical applicability of  our criteria may be lim- 
ited when the test dose is administered before the 
steady state end-tidal sevoflurane was achieved. Even 
though the partial pressure of  sevoflurane at the effec- 
tor organ cannot be accurately predicted from the end- 
tidal sevoflurane concentration, it is considered to be 
lower than that of  end-tidal concentration. In such 
cases, hemodynamic responses to iv test doses would be 
greater than anticipated from the simultaneous end- 
tidal sevoflurane concentration. 

In conclusion, based on the conventional H R  crite- 
rion (positive if >-20 beats.min -1 increase), an epidural 
test dose consisting of  3 ml lidocaine 1.5% plus 15 lag 
epinephrine is an inadequate marker for detecting 
intravascular injection in adult patients during sevoflu- 
rane and nitrous oxide anesthesia. The modified H R  
criterion (positive if 210 beats.min -I increase)was reli- 
able under end-tidal sevoflurane _<1%, while the SBP 
criterion (positive if >_15 m m H g  increase) gave 100% 
efficacy at sevoflurane concentrations between 0.5-2%. 
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