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Few patients presenting for noncardiac surgery are not 
receiving 1 or more intercurrent medications. Kaufman 
et al.1 examined a cohort of 2590 patients undergoing 

ambulatory surgery. Eighty-one percent of the patients had 
been taking at least 1 medication (prescribed drug; over the 
counter medication; vitamins or minerals; herbals or natu-
ral substances) in the week before anesthesia and surgery, 
and 50% had been taking at least 1 “prescription drug.” 
Further scrutiny shows that 7% of the patients were taking 
at least 5 prescription drugs, with the highest prevalence in 
women patients aged over 65 years. Qato et al.2 suggest that 
1 in 25 patients are potentially at risk of a major drug–drug 
interaction. One such interaction for perioperative patients 
may be with our anesthetics themselves. The high incidence 
of comedication has fostered debate about the potential for 
interactions between general anesthetic agents and preop-
erative cardiovascular drugs.

One issue far from settled is whether cardiovascular 
drugs should be maintained throughout the perioperative 
period. Logic dictates that if an individual needs a medica-
tion to control a disease or a pattern of symptoms during 
daily life (in the absence of the stresses of anesthesia and 
surgery), then the same drugs are probably needed during 
the perioperative period. Obvious exceptions include anti-
coagulants and antihyperglycemic agents. But the mainte-
nance of any drug during the surgical period is subject to 
the premise that there is low potential for adverse interac-
tion between that drug and the components of general anes-
thesia. This is why we maintain preoperative β blockers and 
statins in the perioperative period, because we know that 
preoperative withdrawal may lead to increased periopera-
tive morbidity and mortality associated with myocardial 
ischemia and infarction.

Such interactions are certainly possible between anes-
thesia and cardiovascular drugs. Wolf and McGoldrick3 
reviewed the available literature for such adverse effects 

and came to the conclusion that β-adrenergic blockers, 
calcium entry blockers, amiodarone, and α-2 adrenergic 
agonists can safely be continued up to the time of surgery. 
They also concluded that angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin receptor blockers (ARBs), and 
diuretics should be discontinued to reduce the incidence of 
severe hypotension after induction of general anesthesia, 
and reduce the risks of arrhythmias secondary to hypokale-
mia and hypomagnesemia.

Are those recommendations, particularly regarding ACE 
inhibitors and ARBs, appropriate in 2014 given the increas-
ing numbers of patients treated with these drugs in the 
ambulatory hospital setting? The question seeks equipoise 
between the risks of hypotension-associated complications 
if the drugs are continued throughout surgery and the risks 
of hypertension-associated complications if the drugs are 
discontinued before surgery.

Surveys and anecdotal reports have revealed that most 
ACE inhibitors and ARBs are withheld on the day of sur-
gery because of a concern regarding the possible develop-
ment of refractory hypotension. This is most relevant in 
patients undergoing surgery where the associated anes-
thesia may also result in “pharmacologic sympathectomy” 
(such as during spinal anesthesia), or where there is the risk 
of significant blood loss. These issues appear to be more rel-
evant in patients receiving ARBs.

When introduced in the 1980s, ACE inhibitors were 
hailed as “wonder drugs” with 4 positive attributes. First, 
they provided cardiovascular protection, leading to a reduc-
tion in the incidence of ischemic events and their resulting 
complications. Second, early introduction of ACE inhibi-
tion therapy was associated with increased patient survival 
and improved cardiac function after myocardial infarc-
tion. Third, studies showed ACE inhibitors to be effective 
in the treatment of both heart function and hypertension. 
Fourth, ACE inhibitors delayed the progression of diabetic 
nephropathy, But what of their effects in the perioperative 
period, and is it wise to withhold these drugs?

Physiology and Pharmacology of ACE Inhibitors 
and ARBs
Renin is a protease enzyme synthesized in the kidney. It cat-
alyzes the conversion of angiotensinogen (a 225 amino-acid 
prohormone) to angiotensin I. ACE then converts angioten-
sin I to angiotensin II. The latter protein is a potent vaso-
constrictor that acts at angiotensin-1 receptors through a 
coupling to the phospholipase-C Gq protein /IP3 transduc-
tion pathway. Angiotensin II also facilitates norepinephrine 
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release and decreases norepinephrine reuptake at sympa-
thetic nerve terminals. Vasoconstriction mediated by the 
“renin-angiotensin” pathway (RAP) can be blocked at 2 dis-
crete sites, direct inhibition of ACE and angiotensin receptor 
blockade.

Both ACE inhibitors and ARBs act on the RAP to cause 
arterial vasodilation by 2 separate mechanisms: limit-
ing the direct effects of angiotensin II on vascular smooth 
muscle, and by minimizing the ability of angiotensin II to 
increase sympathetic vascular tone. In addition, their action 
is accompanied by an increase in parasympathetic tone. As 
well as these effects on the RAP, they decrease the effect of 
aldosterone on the distal convoluted tubule of the nephron, 
thereby promoting salt and water loss.

Inhibition of ACE leads to an inhibition of the break-
down of bradykinin that also contributes to the vasodilator 
effects of the drugs. However, the increased concentrations 
of bradykinins may also be responsible for the troublesome 
unwanted side effects of cough and allergic reactions, as well 
as others including diarrhea. The ARBs prevent the vasocon-
strictor effects of angiotensin II without affecting ACE activ-
ity. So, in contrast to ACE inhibitors, ARBs do not affect kinin 
production. This is why cough is not a prominent side effect 
of ARBs. They act as selective blockers at angiotensin recep-
tor 1, with no effect on angiotensin receptor 2.

ACE Inhibitors, ARBs, and Anesthesia
The main issues with anesthesia in patients receiving ACE 
inhibitors or ARBs can be summarized as follows:

•	 The occurrence of hypotension after induction of 
anesthesia.

•	 The occurrence of hypertension after laryngoscopy 
and intubation, or other noxious stimuli.

•	 Exaggerated pressor and heart rate responses to nox-
ious stimuli when drugs are withheld preanesthesia 
and surgery.

•	 Adverse cardiac outcomes after surgery in patients 
maintained on these drugs in resistant hypotension, 
myocardial infarction, and cardiac death.

In the hypertensive patient, there are few studies examining 
the effects of maintaining ACE inhibitors and ARBs on the 
renin-angiotensin system (RAS), comparing the responses 
to induction of anesthesia, and to noxious stimuli of patients 
on ACE inhibitors and ARBs with the responses in patients 
maintained on other antihypertensive therapies. Colson 
et al, Coriat et al, Pigott et al, Bertrand et al, Comfere et al, 
and Weisenberg et al.4–9 reported a greater incidence of hypo-
tensive episodes after induction of anesthesia in patients in 
whom therapy was continued up to the day of surgery. In a 
meta-analysis of all available data (encompassing 5 studies of 
434 patients), Rosenman et al.10 showed that continuing drugs 
up to the morning of surgery was more likely to lead to hypo-
tension at or following induction of anesthesia with a need 
for vasopressor to restore the blood pressure to normal levels.

However, in a small study comparing the cardiovascular 
responses to induction of anesthesia, and to laryngoscopy 
and intubation in mild to moderate hypertensive patients, 
we studied 5 groups of patients receiving one or other of the 
following monotherapies: ACE inhibitors; β-adrenoceptor 
blockers; calcium channel blockers; diuretics; and diagnosed 

but untreated hypertension.11 Drugs were continued up to 
and including the morning of surgery. There were no sig-
nificant differences in the responses of blood pressure and 
heart rate after induction of anesthesia with thiopental and 
fentanyl. However, there was a reduced heart rate response 
in the β-blocked group of patients to laryngoscopy and 
intubation. The responses in terms of cardiac output and 
systemic vascular resistance were similar in the 5 groups. 
Although the anesthetic technique used in that study may 
have been superseded and no longer remains the one of 
choice, there is no evidence that interactions among the 4 
groups of drugs and propofol will be significantly differ-
ent (in the presence of accompanying dosages of 100 ug 
fentanyl). These findings have been mirrored in the find-
ings of Schulte et al.12 using a total IV anesthesia technique 
for minor surgery and noting no hemodynamic differences 
between patients receiving ACE inhibitors and those not.

Other outcome data in patients on ACE inhibitors or 
ARBs can be divided into 2 areas: the effects of RAS inhi-
bition on auto-regulation; and the effect of drug therapies 
on morbidity and mortality. There is evidence from Licker 
et al.13 that RAS inhibition by chronic ACE inhibitor ther-
apy does not influence cardiac autonomic regulation. Drug 
therapy had no effect on the heart rate variability or on 
baroreflex sensitivity either during the awake period preop-
eratively or during steady-state anesthesia. The occurrence 
of anesthetic-induced hypotensive episodes after induc-
tion with midazolam-fentanyl could be mainly attributed 
to a decrease in the normal α-adrenergic vasoconstrictor 
response. Indeed, Prys-Roberts,14 in correspondence follow-
ing the study by Bertrand et al.,7 suggested that if anesthe-
siologists plan to maintain ACE inhibition or angiotensin 
receptor blockade, they should consider prophylactic use of 
glycopyrrolate or similar anticholinergic drugs to minimize 
bradycardia and hypotension.

Behnia et al.15 suggest that the hemodynamic variation 
seen during anesthesia is mainly because of the effects of 
anesthesia on the sympathetic nervous system. If the patient 
has undergone a long period of preoperative fasting, or is 
volume depleted, or is receiving an anesthetic-induced 
extended sympathetic blockade, then there is a high prob-
ability of marked hypotension, which will be exaggerated 
by the coadministration of diuretics and/or RAS inhibitors.

The interaction of ACE inhibitors or ARBs and anesthe-
sia on long-term outcomes has recently been evaluated by 3 
large cohort studies.16–18 Remarkably, 3 studies found the 3 
possible conclusions. Railton et al.16 found that maintenance 
of RAS blockade was associated with increased mortality in 
vascular surgical patients (odds ratio 5.0; 01.4–27.0). Toppin 
et  al.17 reported that maintenance of RAS blockade was 
associated with decreased mortality in a case-control study 
of 14,400 patients undergoing noncardiac surgery (odds 
ratio 0.59; 0.44–0.71). Turan et  al.18 found no difference in 
either 30-day mortality or respiratory complications when 
the drugs have been withheld preoperatively. Is it any won-
der that clinicians remain confused?

Often neglected in this discussion is consideration of the 
preoperative risks to the patients when antihypertensive 
drugs are discontinued on the day of surgery. In a random-
ized controlled trial reported in this issue of the journal, 
Twersky et al.19 examined the hemodynamic consequences 
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of continuation or discontinuation of ACE inhibitors and 
ARBs in 506 patients undergoing ambulatory or same day 
surgery. They found that discontinuation of ACE inhibitors 
and ARBs was neither associated with an increased preva-
lence of preoperative hypertension nor postoperative hyper-
tension, prolonged hospital stay, or adverse clinical events.

How should anesthesiologists handle these patients? 
The case for discontinuing therapies does not seem to be 
overwhelming. Coupled with the data from the study of 
Toppin et  al.,17 the anesthesiologist might consider main-
taining the drug therapies. The lack of any difference in the 
prevalence of preoperative and postoperative hypertension 
in the study by Twersky et  al.19 may reflect a longer effi-
cacy of drug therapy than previously imagined. However, 
the authors include neither data about the effects of con-
tinuation or discontinuation on the hemodynamic response 
to induction of anesthesia, nor on the response to noxious 
stimuli, nor on whether standardized anesthesia and anal-
gesia protocols were adopted in all patients (which might 
influence the prevalence of any adverse effects).

Whichever policy is adopted in the management of these 
patients, the anesthesiologist should be aware of the poten-
tial adverse effects of the interactions between anesthesia 
and drug therapy. Fortunately, nobody is more knowledge-
able, or better prepared, to treat acute hemodynamic com-
promise than we are. E
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