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Abstract:

Angiotensin converting enzyme inhibitor (ACE-I) treated hypertensive patients are well known to be at risk during general

anesthesia, because of hypotension that can occur. We compared hemodynamic changes in these patients during induction of general

anesthesia with propofol and etomidate – two intravenous anesthetics. Hypotension after propofol that we observed in ACE-I group

versus normotension after etomidate (p < 0.001) in our opinion may be the result of additive effect of similar endothelium-dependent

mechanism of action of propofol and ACE-I, i.e. increase in production and release of nitric oxide (NO). This very unique

observation, however, needs further investigation to precisely define the mechanism of our finding.
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Introduction

There is a growing number of angiotensin converting

enzyme inhibitors (ACE-I)-treated hypertensive pa-

tients undergoing surgery [11, 18]. ACE-I may induce

adverse circulatory effects in chronically treated pa-

tients during anesthesia [8], which is, at least partially,

connected with their effect on endothelium [6, 10, 12].

Induction is well known to be the most stressful

moment of general anesthesia, inducing changes in

hemodynamics that may be particularly dangerous in

hypertensive patients [11, 17, 18]. Interestingly, pro-

pofol, one of the most often chosen intravenous anes-

thetic, has also endothelial mechanism of action, like

ACE-I [4]. Its effects on circulation include hypoten-

sion and sometimes bradycardia produced by the

endothelium-dependent mechanism [14]. It was shown

that propofol increased endothelial production and re-

lease of nitric oxide (NO) [2, 3], the mechanism of

which is still unclear.

Very few [1, 8] reports show harmful interactions

between ACE-I and propofol concerning hemody-

namic response which includes hypotension and bra-

dycardia during anesthesia. There are no data con-

cerning the influence of etomidate, another commonly

used intravenous anesthetic, on hemodynamic pa-

rameters in ACE-I-treated hypertensive patients.
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Therefore, the aim of this study was to compare he-

modynamics during induction of general anesthesia in

patients chronically treated with ACE-I, enalapril ver-

sus normotensive patients, when one of two intrave-

nous anesthetics where given – etomidate or propofol.

Materials and Methods

Patients and treatment

After approval by Local Ethics Committee, we de-

signed four groups of 20 patients in each group (80

patients in total) scheduled for maxillo-facial trauma

surgery: groups E-En and P-En – hypertensive enalapril-

treated, E and P – healthy ones, with two different

agents given for induction: propofol (P-En, P) or eto-

midate (E-En, E). Hypertensive patients were treated

with enalapril (10–20 mg/day) for at least 6 months.

The treatment was continued until the morning before

surgery with the usual dose. All patients did not pres-

ent any concomitant diseases. On the morning of sur-

gery, patients were premedicated with oral midazolam

(7.5 mg) one hour before. Before induction a single

dose of fentanyl was given (100 �g) Anesthesia was

induced with etomidate (0.3 mg/kg) or propofol

(1.5 mg/kg) while the patient was breathing 100%

oxygen by mask. After loss of eyelid reflex chloros-

succinylcholine (1.5 mg/kg) was injected and after

1 min the trachea was intubated. Before induction

each patient received 500 ml of Ringer solution.

Anesthesia was maintained throughout in the same

manner in all groups.

Measurments of hemodynamic parameters

Systolic and diastolic blood pressure (SBP, DBP) and

heart rate (HR) were monitored continuously through-

out the study and changes were recorded before (T1)

and 3 min (T2) after the anesthetic was given. The in-

cidence of hypotensive episodes was noted, which

were defined as SBP <100 mmHg, DBP < 50 mmHg,

or decrease > 30% compared with preinduction (base-

line) value lasting longer than 1 min. Those episodes

were treated routinely with fluids administration.

Statistical analysis

Values were compared using Student’s unpaired t-test

and changes with time were compared with Kruskall-

Wallis test. Frequency of hypotensive episodes was

measured with Fisher test. Data were expressed as the

mean ± SEM and p < 0.05 was considered to be the

level of statistical significance.

Results and Discussion

SBP after induction with propofol in enalapril-treated

patients (P-En) was significantly lower 3 min after in-

jection than before (p < 0.01) and than in hypertensive

or healthy patients given etomidate (p < 0.001 P-En

vs. E, p < 0.001 P-En vs. E-En) (Tab. 1). Propofol

given to normotensive patients also lowered SBP, but

changes were not significant. Propofol given in P-En

group reduced also DBP at this time (p < 0.05). This

observations confirms data of authors, indicating that

this drug lowers blood pressure during anesthesia [9,

13]. In our previous study, we confirmed hypotensive
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Groups SBP DBP HR Hypotensive
episodesT1 T2 T1 T2 T1 T2

P 134 ± 10 116 ± 14 88 ± 6 80 ± 4 72 ± 3 64 ± 7 4�
P-En 120 ± 7 96 ± 8�� *** 90 ± 10 78 ± 6� 68 ± 8 60 ± 3** 6**

E 132 ± 13 134 ± 20 92 ± 9 86 ± 8 68 ± 12 82 ± 14 1

E-En 125 ± 17 120 ± 12 86 ± 11 82 ± 12 70 ± 6 76 ± 4 0

1 	 2 303� 4! vs0 4�� 11 	 2 303� 4! vs0 4�� 55 	 2 303� � �6 vs0 � 
�� � �6� 555 	 2 3033� � �6 vs0 � 
�� � ��� � 	 2 3�3� � vs. � 
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effects of propofol in total intravenous anesthesia

(TIVA) in normotensive patients [13]. It must be

noted, however, that we observed for the first time

that changes in blood pressure values observed in

most propofol-anesthetized patients were significant

only in those on ACE-I therapy. It is well known that,

apart from inhibition of angiotensin converting en-

zyme, mechanism of action of ACE inhibitors in-

volves the enhancement of endothelial NO and pros-

tacyclin production by bradykinine-dependent mecha-

nism [7]. Thus, propofol-induced hypotension in

enalapril-treated patients may probably suggest the

summing effect on endothelium of both those drugs,

connected with their influence on endothelium, in-

creasing the basal NO production and NO-dependent

vasodilatation. In our study, we did not confirm deep

hypotension in chronically ACE-I treated hyperten-

sive patients during induction of general anesthesia

with etomidate, but there is still no agreement in the

literature whether etomidate does influence endothe-

lium [3]. Hence, for the first time we proved an

additive effect of ACE-I and propofol, although its

mechanism is not clear.

Hypotensive episodes were more frequent in P and

particularly P-En groups than in etomidate-given

groups (p < 0.01 P-En vs. E and E-En, p < 0.05 P vs.

E-En and E) (Tab. 1), but they responded well to fluid

therapy. Nowadays, the opinions are presented sug-

gesting even the discontinuation of treatment with

ACE-I as a method of avoiding hypotensive episodes

[1, 18]. There are data in the literature, that fall of blood

pressure in ACE-I-treated patients is deep and de-

mands ephedrine administration [5, 16] but in our

study we did not confirm this fact, maybe because all

the patients routinely received 500 ml of Ringer solu-

tion prior to anesthesia.

Reduced HR in enalapril-treated patients after pro-

pofol differed significantly from E group (p < 0.01),

where we found the increase in the value. The same

tendency of HR reduction was observed in P group,

but changes were not significant. The reason is proba-

bly the commonly accepted fact that propofol pro-

vides excellent and deep anesthesia [13], and even

tracheal intubation does not influence hemodynamics,

though it happens with etomidate. On the other hand,

ACE-I themselves do not change the heart rate, but

there are data, that in patients with ischemic heart dis-

ease acute administration of benzalaprilat, an ACE-

inhibitor, may induce bradycardia [15]. Our patients

were treated for at least 6 months and besides hyper-

tension did not have any other diseases, so we sup-

pose that our observation is only propofol-dependent.

In conclusion, we assume that according to our

unique observations in hypertensive patients treated

with enalapril, propofol given for induction of general

anesthesia significantly decreases blood pressure.

This very important fact may indicate the additive ef-

fect of ACE-I and intravenous anesthetic, but precise

mechanism of this interaction is still unknown and

needs further investigations.
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