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Regarding differences in practice between hospitals, we 
fully acknowledge that our data sources do not allow us to 
measure whether specific fast-track processes of care were 
used at certain hospitals and for specific patients in our 
study; this is a limitation. For this reason, we ensured that 
all of our analyses accounted for clustering of patients within 
hospitals to allow us to account for unmeasured variation 
between hospitals, both in the use of perioperative processes 
of care as well as discharge patterns. In our propensity score–
matched analysis this involved direct matching within hos-
pitals along with a propensity score, a method that has been 
shown to decrease both bias and error in estimating causal 
effects relative to simply matching on the propensity score.8 
In our sensitivity analysis, which used regression analysis, we 
accounted for clustering of patients in hospitals using a mul-
tivariable-adjusted generalized linear model and generalized 
estimating equation methods. We certainly encourage the 
use of analytic strategies that account for hierarchal data in 
all comparative effectiveness research where between-center 
variation is a consideration.

In summary, across a universal healthcare system we 
report the population-based association between peripheral 
nerve block exposure and LOS using best-practice methods 
for comparative effectiveness research and report a LOS con-
sistent with other reports from our jurisdiction. We agree 
that our data, like any observational data set, have limita-
tions that must be considered when appraising our findings. 
We also agree that understanding why patients remain in 
the hospital after surgery is a high-priority area of research 
and that minimizing variation and instituting best practices 
should lead to improved patient and system outcomes.
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Combining Angiotensin Converting 
Enzyme Inhibitors and Angiotensin 
Receptor Blocker for Clinical  
Decision-making Lacks Vision

To the Editor: 
We read with interest the study by Roshanov et al.1 com-
paring outcomes in patients undergoing noncardiac surgery, 
following the withholding or continuing of an Angiotensin-
converting Enzyme Inhibitor (ACEi) or Angiotensin II 
Receptor Blocker (ARB). Although this was a large and com-
prehensive retrospective study, several key issues should be 
considered when reviewing this article.

First and foremost is the practice of combining of both 
ACEis and ARBs for study analysis. ACEi and ARBs are two 
distinct classes of medications acting at very different regula-
tory points within the renin-angiotensin system.2 Moreover, 
their actions at these regulatory points produce distinct end 
effects.

A dual action enzyme, angiotensin-converting enzyme 
is responsible for both the conversion of angiotensin I to 
angiotensin II and the breakdown of bradykinin into non-
active molecules. As a result, ACEi prevents the generation 
of angiotensin II and increases circulating levels of bra-
dykinin.3,4 While many of the beneficial effects of ACEi 
therapy have been attributed to reductions in angiotensin 
II, these benefits appear to be due to increased levels of 
bradykinin.5

Moreover, it is known that chronic ACEi use does not 
alter circulating levels of angiotensin II.6–9 Escape pathways 
of angiotensin II production exist; including chymase-medi-
ated production, which result in production of angiotensin 
II and a return to pretreatment plasma levels during chronic 
ACEi use.10,11 The duration of ACEi use prior to surgery is 
not addressed in this study. This could significantly affect 
circulating angiotensin levels and, therefore, the interpreta-
tion of study results.

On the other hand, ARBs are highly specific antago-
nists of the angiotensin type 1 (AT1) receptor and block 
downstream signaling of these G-protein coupled recep-
tors.3,12 While the classic actions of angiotensin II (salt 
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and water reabsorption) are mediated via the AT1 recep-
tor, additional effects including vasoconstriction, fibro-
sis, cell proliferation, inflammation, cell migration, and 
increased myocardial contractility are also mediated via 
AT1 receptors.2

AT1 receptor blockade affords unopposed signaling via 
both the AT2 and MAS receptors. These G-protein coupled 
receptors mediate many of the beneficial actions of angio-
tensin II, including vasodilatation, antifibrosis, antiapopto-
sis, and antiproliferative effects.2,3 Long-term use of ARBs 
inhibits the negative feedback loop of the renin-angiotensin 
system, resulting in elevated circulating levels of plasma 
angiotensin II,13 which is then available for signaling via the 
AT2 receptors in a protective manner.

Because these drugs work at different points and alter the 
signaling pathway so disparately, we believe that combining 
these two drugs together does not inform. It muddies the 
water, and potential benefits unique to a particular drug class 
may be overlooked.

In this study ACEi/ARB use was associated with intra-
operative hypotension. This, in turn, was associated with 
significant postoperative hypotension. Interestingly, there 
was no association with ACEi/ARB use and the occur-
rence of postoperative hypotension, which appeared to 
be more strongly associated with the primary outcomes 
of 30-day mortality, stroke, and myocardial injury than 
the intraoperative hypotension. The postoperative use of 
these drugs is therefore critical and was not addressed in 
this study.

Furthermore, the effects of acute withdrawal of these 
medications have been overlooked, which may affect both 
intraoperative and postoperative blood pressure. Drenger 
et al.14 found that the worse outcomes observed in cardiac 
surgical patients were associated with withdrawal of ACEi, 
whereas the administration of, or immediate continuation 
of, ACEis after cardiac surgery was associated with improved 
outcomes.

The proper management of drug therapy for manipu-
lating the renin-angiotensin system at the time of surgery 
remains poorly understood, yet is critical to the anesthesi-
ologist. We fully agree that well-designed prospective studies 
are needed to fully tease out these critical issues; however, 
future studies must keep ACEis and ARBs separated in their 
analysis to fully inform and delineate their true effects in the 
preoperative period.
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