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Mechanism of Angiotensin Converting Enzyme Inhibitos (ACEl)

and Angiotensin Il Receptor Blocker (ARB)
Renin-angiotensin-aldosterone system
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Peripheral
vasoconstriction

Vasoconstriction:
1. Sympathetic activation
2. Angiotensin Il (RAAS)

3 Vasonressin

Intraoperatlve hypotension

N Engl J Med 341: 577-585, 1999




Intraoperative Hypotension

Relationship between Intraoperative Mean Arterial Pressure and Clinical
Outcomes after Noncardiac Surgery: Toward an Empirical Definition of
Hypotension - Anesthesiology. 2013 Sep;119(3):507-15.

®|ntraoperative MAP less than 55 mmHg are associated with AKI and myocardial injury. MAP
from less than 55 to 75 mmHg.

Association between Intraoperative Hypotension and Hypertension and 30-day

Postoperative Mortality in Noncardiac Surgery. - Anesthesiology. 2015
Aug;123(2):307-109.

®ntraoperative hypotension, but not hypertension, is associated with
increased 30-day operative mortality.
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1. ACC/AHA Guideline on Perioperative Cardiovascular Evaluation and

Management of Patients Undergoing Noncardiac Surgery - J Nucl Cardiol.
2015 Feb;22(1):162-215

2. Perioperative angiotensin-converting enzyme inhibitors or angiotensin Il
type 1 receptor blockers for preventing mortality and morbidity in adults
(Review) - Cochrane Database Syst Rev. 2016 Jan 27;(1)

3. Withholding versus Continuing Angiotensin-converting Enzyme Inhibitors or

Angiotensin Il Receptor Blockers before Noncardiac Surgery - Anesthesiology.
2017 Jan;126(1):16-27.




ACC/AHA Clinical Practice Guideline

2014 ACC/AHA Guideline on Perioperative Cardiovascular
Evaluation and Management of Patients Undergoing
Noncardiac Surgery

A Report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines

Developed in Collaboration With the American College of Surgeons,

American Society of Anesthesiologists, American Society of Echocardiography,
American Societv of Nuclear Cardiology, Heart Rhvthm Societv, Society for
Cardiovascular Angiography and Interventions, Society of Cardiovascular Anesthesiologists,
and Societv of Vascular Medicine

J Nucl Cardiol. 2015 Feb:22(1):162-215




Table 6. Summary of Recommendations for Perioperative Therapy

Recommendations COR LOE References

Coronary revascularization before noncardiac surgery

Revascularization before noncardiac surgery is recommended when indicated by existing CPGs 25, 26
Coronary revascularization is not recommended before noncardiac surgery exclusively to reduce 116
perioperative cardiac events
Timing of elective noncardiac surgery in patients with previous PCI
Noncardiac surgery should be delayed after PCl C: 14 d after N/A
balloon
angioplasty
231-233

Noncardiac surgery should optimally be delayed 365 d after DES implantation 234-237

A consensus decision as to the relative risks of discontinuation or continuation of antiplatelet lla N/A

C

therapy can be useful
Elective noncardiac surgery after DES implantation may be considered after 180 d ‘ 234,238
Elective noncardiac surgery should not be performed in patients in whom DAPT will need to be _ 231-237,

discontinued perioperatively within 30 d after BMS implantation or within 12 mo after DES implantation 239
Elective noncardiac surgery should not be performed within 14 d of balloon angioplasty in patients in - C N/A
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Recommendations for Perioperative
ACEI/ARB

Class lla

1. Continuation of angiotensin-converting enzyme (ACE) inhibitors or

angiotensin-receptor blockers (ARBs) perioperatively is reasonable.
300-301( evel of Evidence: B)

2. If ACE inhibitors or ARBs are held before surgery, it is reasonable

to restart as soon as clinically feasible postoperatively. (Level of
Evidence: C)

J Nucl Cardiol. 2015 Feb;22(1):162-215
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Angiotensin Converting Enzyme Inhibitors Are Not
Associated with Respiratory Complications or
Mortality After Noncardiac Surgery

Alparslan Turan, MD,* Jing You, MS,*{ Ayako Shiba, MD,* Andrea Kurz, MD,* Leif Saager, MD,*
and Daniel |. Sessler, MD*

Anesth Analg. 2012 Mar;114(3):552-60
Cleveland Clinic, Ohio. 2005 and 20009.
Retrospective cohort

79,228 patients - 9028 ACEI v.s. 9028 controls
Non cardiac surgery under general anesthesia

Intraoperative ACE inhibitor users had more frequent transient intraoperative

hypotension but no difference in other outcomes (30-day moratlity, in-hospital
morbidity)

Anesth Analg. 2012 Mar;114(3):552-60




Angiotensin Converting Enzyme Inhibitors Are Not
Associated with Respiratory Complications or
Mortality After Noncardiac Surgery

Alparslan Turan, MD,* Jing You, MS,*t Ayako Shiba, MD,* Andrea Kurz, MD,* Leif Saager, MD, *
and Daniel |. Sessler, MD*

Group 1: patients taking ACEIl chronically
Group 2: controls

Primary outcome: Respiratory complications
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ACEIl Induced Cough
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K/DOQI Clinical Practice Guidelines on Hypertension and Antihypertensive Agents in Chronic Kidney Disease
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Angiotensin Converting Enzyme Inhibitors Are Not
Associated with Respiratory Complications or
Mortality After Noncardiac Surgery

Alparslan Turan, MD,* Jing You, MS,*t Ayako Shiba, MD,* Andrea Kurz, MD,* Leif Saager, MD, *
and Daniel |. Sessler, MD*

Group 1: patients taking ACEI chronically %Wﬁﬁhh@ﬂ@]?

Group 2: controls
E &h1: ARBs in both groups

5 EL2: ACEI routine: continue until the day before surgery,
but not to take them the morning of surgery

T




Clinical consequences of withholding versus
administering renin-angiotensin-aldosterone
system antagonists in the preoperative period

Mayo Clinic College of Medicine, USA.
Meta-analysis

Non-emergency surgery
Using ACEI or ARB chronically

Withdrawing v.s. continuing angiotensin-converting enzyme
inhibitors/ARB up to the morning of surgery

J Hosp Med. 2008 Jul;3(4):319-25.
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Clinical consequences of withholding versus
administering renin-angiotensin-aldosterone
system antagonists in the preoperative period

Three RCTs (n=128 patients), 2 observational studies (n=306
patients)

ACEI/ARBs: more likely to develop hypotension requiring
vasopressors at, or shortly after, induction of anaesthesia
(RR 1.51, 95% Cl 1.14 to 2.01; 1°=59%:; five studies)

No change in important cardiovascular outcomes (ie, death,
MI, stroke, kidney failure).

J Hosp Med. 2008 Jul;3(4):319-25.
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Recommendations for Perioperative
ACEI/ARB

Class lla

perioperatively is reasonableéo'?’Ol(Level of Evidence: B)

2. If ACE inhibitors or ARBs are held before surgery, it is
reasonable to restart as soon as clinically feasible
postoperatively. (Level of Evidence: C)

J Nucl Cardiol. 2015 Feb;22(1):162-215
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Cochrane Database of Systematic Reviews

Perioperative angiotensin-converting enzyme inhibitors or

angiotensin Il type 1 receptor blockers for preventing
mortality and morbidity in adults

I Review I Intervention

Zul Zou, Hong B Yuan, Bo Yang, Fengying Xu, XiaoY Chen, Guan] Liu, XueY Shi[

First published: 27 January 2016

Systematic review of Randomized controlled trials (RCTs)
Perioperative administration of ACEls or ARBs v.s. placebo

Any type of surgery under general anaesthesia

Cochrane Database Syst Rev. 2016 Jan 27;(1)




Background

Cardiopulmonary bypass:

®RAS activation = disturbs balance of pro- and anti-inflammatory
cytokines = modifies regional blood flow = morbidity

®Decreased effective renal plasma flow and glomerular filtration rate
decreased

ACEI/ARBs: Reno-protective effect? Decrease myocardial ischaemia,
perioperative mortality, and length of hospitalization?

Cochrane Database Syst Rev. 2016 Jan 27;(1)
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Objectives

P: Adults (age >18 years), any type of surgery, general anesthesia
I: preoperative ACEls or ARBs

C: Placebo

O: all-cause mortality, risk of acute myocardial infarction, risk of
myocardial ischemia

Excluded studies in which participants underwent procedures that
required local anaesthesia only, or participants who had already
been on ACEls or ARBs

Cochrane Database Syst Rev. 2016 Jan 27;(1)
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2258 records
identified

through
database

searching

J

2050 records after
duplicates removed

|

2050 records
screened

46 full-text
arlicles

Methods

2004 records

"l excluded

assessed for
eligibility

7 studies
included in
quantitative
synthesis
(meta-analysis)

39 full-text
articles
excluded, with

reasons

Reran search February
2017: 301 arlicles
found, of which 3 were
potentially relevant

Source: Cochrane, MEDLINE, EMBASE,
contact of author

http://www.controlled-trials.com/
http://clinicaltrials.gov/

7 RCTs
N= 571 participants

2 trials: 36 participants undergoing non-
cardiac vascular surgery
5 trials: 535 participants undergoing cardiac

surgery Cochrane Database Syst Rev. 2016 Jan 27;(1)
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Results

Figure 4. Forest plot of comparison: | All-cause mortality, outcome: |.| All-cause mortality.

ACEls or ARBs Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Billings 2012 1 46 0 28 16.7% 1.85[0.08, 43.94] ®
Pretorius 2012 3 151 2 147 546% 1.46 [0.25, 8.61] L]
Walter 2002 2 25 1 22 287% 1.76[017,18.11] L
Total (95% CI) 222 197 100.0% 1.61]0.44, 5.85] gl
Total events 6 3
Heterogeneity. Chi*= 002, df=2 (P=099), F=0% ?0 01 0*1 1 150 1004

Lecibofide, L bona ot 0 i 1 Favours [ACEls or ARBSs] Favours [Placebo]

Billings 2012: placebo vs ACEI/ARBs, 5-7 days before surgery, cardiac surgery
Pretorius 2012: placebo vs ACEI, 4-7 days before surgery, cardiac or vascular surgery
Walter 2002: placebo vs ACEI, 3-7 days before surgery, cardiac surgery
Cochrane Database Syst Rev. 2016 Jan 27;(1)




Results

Figure 5. Forest plot of comparison: | ACEls or ARBs versus placebo, outcome: 1.2 ST-elevation or new Q
wave in ECG test.

ACEls or ARBs Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Pretorius 2012 1 151 3 147 658.8% 0.32[0.03,3.08] 51
Walter 2002 2 25 2 22 41.2% 0.88[0.14,5.73] =
Total (95% CI) 176 169 100.0%  0.55[0.14, 2.26] B =l
Total events 3 5
Heterogeneity. Chi*=0.45,df=1 (P=0.50), F=0% 0.01 01 1 10 100

Testfor overall effect Z=0.83 (P=0.41) Favours [ACEIls or ARBs] Favours [Placebo]

Pretorius 2012: placebo vs ACEl, 4-7 days before surgery, cardiac or vascular surgery

Walter 2002: placebo vs ACEI, 3-7 days before surgery, cardiac surgery

Cochrane Database Syst Rev. 2016 Jan 27;(1)




Results

Figure 8. Forest plot of comparison: | ACEls or ARBs versus placebo, outcome: 1.5 Length of hospital stay.

ACEls or ARBs Placebo Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Ci IV, Fixed, 95% CI
Billings 201 2 r2 122 45 7.7 049 28 928% -050F090,-0.10]
Pretarius 2012 57 32 151 6B 82 147 7.2% -110[F252,0.32
Total (95% CI) 197 175 100.0% -0.54 [-0.93, -0.16] *
Heterogeneity: Chi*= 064, df=1 (P=043),F=0% t t

-2 1) 2

Testfor overall effect Z= 2.79 (F = 0.005) avours [ACEls or ARBs] Favours [Placebo]

.
-y =T

Clinical backgrounds of participants varied

Cochrane Database Syst Rev. 2016 Jan 27;(1)




Table 1. Rate of hypotension

Qutcome or subgroup Studies Participants Statistical method Effect estimate

Rate of hypotension 1 298 Risk Ratio (M-H, Fixed, 95% CI) 1.95 [0.86, 4.41]

Risk ratio < 1 favours angiotensin-converting enzyme inhibitors and angiotensin Il type 1 recepror blockers group. Risk ratio = 1

tavours control group. Pretorius 2012

Table 2. Glomerular filtration rate

Qutcome or subgroup Studies Participants Statistical method Effect estimate
Glomerular  filtration 1 16 Mean Difference (IV, Random, 95% -1.40 [-10.30, 7.50]
rate CI)

IV - inverse variance

Colson 1992

IV: intravenous

Cochrane Database Syst Rev. 2016 Jan 27;(1)




Conclusion

No evidence to support perioperative ACEls or ARBs can
prevent:

® Mortality

® Complications (hypotension, and cardiac surgery-related
renal failure)

® Acute myocardial infarction

Cochrane Database Syst Rev. 2016 Jan 27;(1)
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Blockers before Noncardiac Surgery:
An Analysis of the Vascular events In

View FullSize noncardiac Surgery patlents cOhort
¢ msUE ) evaluatioN Prospective Cohort
Materials and Methods Pavel S. Roshanov, M.D., M.Sc.; Bram Rochwerg, M.D., M.Sc.; Ameen Patel, M.D.; Omid

Salehian, M.D., M.Sc.; Emmanuelle Duceppe, M.D.; et al

~

Anesthesiology. 2017 Jan;126(1):16-27.
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Patients who fulfilled VISION eligibility criteria

:(l L84 (4.6%) patients were not identified in time 1o enroll J

6,530 (2R 9%) patients were not enrolled for the following reasons:
- 5,262 did not consent

- 134 because surgeon did not approve patient participation

1 - 251 unable to obtain consent due to cognitive impairment
l— 879 for other reasons

1,392 (8.7%) patients excluded from the analyses for the following reasons:
- 444 patients did not have postoperative blood pressures recorded
| - 898 parients did not have a troponin assay measured after surgery or the

(n=23.693)
v
Patients screencd in time to fulfill eligibility criteria
{n=22,609)
v
Patients enrolled in VISION
(n=16,079)
\

Patients included in this study
(n= 14,687)

and did not experience a stroke or death

7| results were reported as <0.04, <0.03, or <0.02 instead of the absolute value,
- 50 paticnis had incomplese preoperative medication data

(Dt for 1,507 (10.3%) patients were imputed tor: preoperative bloed pressure,
19 patients; preoperative serum creatinine, 1,052 patients; weight, 283 patients;

1 height, 435 partients; assistance with activities of daily living, 3 patients: and |
patients for cach of history of atrial fibrillation, cancer, and end stage renal
(disease receiving dialysis.

~

{ N
44 patients did not complete the 30-day follow-up and did not develop the
1 primary composite outcome; they were censored at their date of hospital
discharge. 14,643 (99.7%) patients completed the 30-day follow-up
. J

\ 4

" | angiotensin Il receptor blockers at baseline
\

4 y
o 9,885 (67.3%) paticnts did not use angiotensin converting enzyme inhibitoes or

)

Patients included in blood pressure analysces
(n= 14,687)

enzyme inhibitors or angiotensin Il receptor blockers
(n=4,802)

L

g . . . - ~ - . . N\
Patients included in the analysis of angiotensin-converting

Methods

VISION: Vascular events In noncardiac
Surgery patlents cOhort evaluation

International prospective cohort study

12 centers in 8 countries: (North and
South America, Australia, Asia, and
Europe)

®14,687 patients included

94,802 patients included in ACEI/ARBs

Anesthesiology. 2017 Jan;126(1):16-27.




Methods

Baseline ACEI/ARB users:
®ACEI/ARB Continued before surgery: n= 3,557
®ACEI/ARB Withheld 24 hours before surgery: n= 1,245

Anesthesiology. 2017 Jan;126(1):16-27.
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Table 1. Abridged Cohort Characteristics

All Patients Only Patients Who Took ACEI/ARE at Baseline
Mo Death or Primary Death or Primary ACEIFARB ACEIFARB ACEI/ARB
Patient Characteristics Overall Vascular Event \ascular Event P Value at Baseline Continued Preop.  Withheld Preop. P Value
n 14,687 13,278 1,409 - 4,802 3,557 1,245 -
Demographics
Age, y 64.8(11.8) 64.0 (11.5) 71.9(12.1) < 0.001 6B.8 (10.8) 68.8 (10.7) 69.0 (11.1) 0.54
Women, n (%) 7.570(51.5) 6,948 (52.3) 622 (44.1) <0001 2,398 (49.9) 1,804 (50.7) 594 (47.7) 0.07
Clinical chamctaristics
Precp. systolic B, mmHg 139.7 (23.7) 139.2 (23.3) 143.6 (26.8) < 0.001 143.9 (24.0] 144.6 (24.5) 141.8 (22.5) < 0.001)
Preop. eGFR, mlI~" - min~- 1.73 m"2 79.0 (22.7) 80.9 (21.0) 60.7 (29.8) = 0.001 72.5 (22.9) 72.7 (22.6) 71.9 (23.7) 0.28
Body mass index, kg/m? 27.1(6.0) 2? 3(6.0) 25.8(5.9) < 0.001 288 (6.3) 2& 8(6.3) 28.6 (6.0) 0.39
Requires assistance with ADLs, n (%) 822(5.6) 573 (4.3) 249 (17.7) < 0.001 315 (6.6) 222 (6.2) 93 (7.5) 0.13
History of COPD 1,233 (8.4) 1, 021 (7.7) 212 (15.0) < 0.001 510 (10.8) 375 (10.5) 135 (10.8) 0.77
History of CHF 681 (4.8) 7(3.7) 194 (13.8) < 0.001 405 (B.4) 297 (8.3) 108 (8.7) 0.72
History of CAD, n (%)
Mo CAD 12,915(87.9) 11,864 (89.4) 1,051 (74.6) <0001 3,723 (77.5) 2,780(78.2) 943 (75.7) 017
Not recent high risk 1,598 (10.9) 1,301 (9.8) 298 (21.1) 968 (20.2) B95 (19.5) 274 (22.0)
Recent high risk CAD 173(1.2) 113 (0.9) 60 (4.3) 110 (2.3) 82 (2.3) 2B (2.2)
History of CVE, n (%) 1,066 (7.3) 819 (6.2) 247 (17.5) < 0.001 528 (11.0) 399 (11.2) 129 (10.4) 0.41
Histary of PVD, n (%) 776(5.3) 556 (4.2) 220(15.6) = 0.001 432 (9.0) 327 (9.2) 105 (8.4) 0.42
History of AR, n (%) 968 (6.8) 749 (5.8) 219 (15.5) < 0.001 500 (10.4) 369 (10.4) 131 (10.5) 0.88
History of diabetes, n (%)
No diabetes 11,827 (80.5) 10,859 (81.8) 968 (68.7) < 0.001 3,147 (65.5) 2, 315 (65.1) 832 (66.8) 0.37
No preop. irsulin 1,505 (10.2) 1,339 (10.1) 166(11.8) 872 (18.2) 662 (18.6) 210 (16.9)
Preop. Insulin 1,355(9.2) 1,080 (8.1) 275(19.5) 783 (16.3) 580 (16.3) 203 (16.3)
Active cancer, n (%) 3,904 (26.8) 3,521 (26.5) 383 (27.2) 0.59 1,194 (24.9) 906 (25.5) 288 (23.1) 0.10
Preoperative antihypertensive medications
All preop. antihypertensives, n (%6)
Any taken at baseline 6,856 (46.7) 5,975 (45.0) 881 (62.5) < 0.001 - - - —
Any held on day of surgery 1,794 (26.2) 1,539 (25.8) 255 (28.9) 0.05 - - - -
Any started on day of surgery 110(1.4) 94 (1.3) 16 (3.0) 0.001 - - - -
ACEI/ARB preop., n (%6)
Taken at baseline 4,802 (32.7) 4,193 (31.6) 609 (43.2) < 0.001 - - - -
Held on day of surgery 1,245 (25.9) 1,095 (26.1) 150 (24.6) 0.43 - - - -
Started on day of surgery 82(0.8) 70 (0.8) 12 (1.5) 0.03 - - - -
[(-blocker preop., n (%)
Taken at baseline 2,512(17.1) 2,127 (16.0) 385(27.3) <0001 1,316 (27.4) 985 (27.7) 331 (26.6) 0.45
Held on day of surgery 405 (18.1) 333 (15.7) 72(18.7) 0.13 198 (15.1) 55 (5.8) 144 {43.5) < 0.001
Started on day of surgery 381(0.3) 31 (0.3) 7(0.7) 0.03 18 (0.4) 10 (0.3) 9(0.7) 0.04
Rate controlling CCB precp., n (%)
Taken at baseline 484 (3.3) 407 (3.1) 77(5.5) < 0.001 253 (5.3) 194 (5.5) 59 (4.7) 0.33
Held on day of surgery 102(21.1) 84 (20.8) 18(23.4) 0.59 50(19.8) 23 (11.9) 27 (45.8)

Started on day of surgery

5(< 0.1)

3(<0.1)

2(0.2)

0 (0.0)

(Continued)




lable 1. (Lontinued)

All Patients Only Patients Who Took ACEI/ARE at Baseline
Mo Death or Primary Death or Primary ACEIARE ACEIARE ACEI/ARB
Patient Characteristics Overall Vascular Event Vascular Event PValue at Baseline Continued Preop.  Withheld Preop. P Value
Dihydropyridine CCB preop., n (%)
Taken at baseline 2,020(13.8) 1,738 (13.1) 281(19.9) = 0.001 1,096 (22.8) 803 (22.8) 283 (23.5) 0.49
Held on day of sugery 382(18.9) 315(18.1) 67 (23.8) 0.02 221 (20.2) 66 (8.2) 155 (52.9) = 0.001
Started on day of surgery 70(0.8) 56 (0.5) 14(1.2) 0.001 30 (0.8) 20 (0.6) 10 (0.8) 0.34
a-2 agonist preop., n (%)
Taken at baseline 88 (0.8) 70 (0.5) 18(1.3) < 0.001 38 (0.8) 32 (0.9) 7 (0.8) 0.25
Held on day of sugery 18 (22) 16 (23) 3(17) 0.57 €(15.4) 2(6.3) 4(57.1) = 0.001
Started on day of surgery 12(0.1) 12 (0.1) 0(0.0) 0.26 6 (0.1) 5(0.1) 1(0.1) 0.60
Long-acting nitrate precp., n (%)
Taken at baseline 358 (2.4) 272 (2.0) 86 (6.1) = 0.001 202 (4.2) 152 (4.3) 50 (4.0) 0.70
Held on day of surgery 67 (18.7) 48 (17.6) 19(22.1) 0.36 28 (14.4) 10 (6.6) 19 (38.0) < 0.001
Started on day of surgery 11{0.1) 7(0.7) 4(0.3) 0.002 5(0.1) 3(0.1) 2(0.2) 0.47
Type of sugery, n (%6)
| Major general surgery 2,975 (20.3) 2,644 (19.9) 331 (23.5) 0.001 831 (17.3) 585 (16.4) 246 (19.8) 0.01 |
Major thoracic surgery 364 (2.5) 324 (2.4) 40 (2.8) 0.36 102 (2.1) B4 (2.4 18 (1.4) 0.05
| Major urogenital surgery 1,813 (12.3) 1,680 (12.7) 133 (9.4) <0.001 557 (11.6) 435 (12.2) 122 (9.8) 0.02 |
Major vascular surgery 479 (3.3) 3?8 (2.8) 103 (7.3) = 0.001 270 (5.8) 212 (6.0} 58 (4.7) 0.09
Major neurosurgery B74 (6.0) 9 (5.9) 895 (B.7) 018 273 (5.7) 209 (5.9) B4 (5.1) 0.33
Major orthopedic surgery 2,968 (20.2) 2, 564 (19.3) 404 (28.7) = 0.001 1,268 (26.4) 8930 (26.1) 338 (27.1) 0.49
Low-risk surgery 5,341 (36.4) 5,025 (37.8) 316 (22.4) = 0.001 1,536 (32.0) 1,129 (31.7) 407 (32.7) 0.54
| Urgent/emergent surgery 2,090 (14.2) 1.606 (12.8) 384 (28.0) = 0.001 602 (12.5) 422 (11.49) 180 (14.5) 0.02 |
Primary cutcome and components, n (%o)
Death, MINS, or stroke 1,408 (9.6) - - - 6809 (12.7) 458 (12.9) 150 (12.0) 0.43
Death from any cause 302 (2.1) - - - 898 (2.1) 74 (2.1) 25 (2.0} 0.88
MINS 1,160 (7.9) - - - 531 (11.1) 399 (11.3) 132 (10.8) 0.52
Stroke 80(0.6) — — — 34(0.7) 26 (0.7) 8 (0.6) 075
Exploratory outcomes
Death, M|, or stroke 745(5.1) 27" (0.2) 718(51.0) = 0.001 298 (6.2) 221 (8.2) 78 (6.3) 0.95
M 446 (3.0) 27" (0.2) 419 (29.7) = 0.001 205 (4.3) 148 (4.2) 57 (4.8) 0.53
Hypotension
Intracperative hypotension 4,162 (28.3) 3,698 (27.9) 464 (32.9) < 0.001 1,307 (27.2) 1,017 (28.6) 280 (23.3) < 0.001
Postoperative hypotension 2,728 (18.8) 2,288 (17.2) 439 (31.2) = 0.001 861 (20.0) 719 (20.2) 242 (19.4) 0.56
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Myocardial infarction in noncardiac
surgery (MINS)

Measure troponin T to assess for myocardial injury 6 to 12h
postoperatively and on the first 3 days after surgery

Only 15.8% of patients suffering MINS experience an ischemic symptom

Remaining 84.2% of events would likely go undetected without systematic
postoperative troponin monitoring.

Routine monitoring of cardiac biomarkers in high-risk patients, both prior
to and 48-72 h after major surgery, is recommended

Circulation 2012; 126:2020-35

Anesthesiology. 2017 Jan;126(1):16-27.
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Medication withheld Outcome Events in withheld vs. continued aRR (95% Cl), p-value
ACEI/ARBs | Death, MINS, or stroke 150/1245 (12.0%) vs. 459/3557 (12.9%) _ 0.82 (0.70-0.96), 0.01 —a— |
Death 25/1245 (2.0%) vs. 74/3557 (2.1%) 0.69 (0.39-1.24), 0.21 =
MINS 132/1245 (10.6%) vs. 399/3541 (11.3%) 0.84 (0.70-0.998), 0.048 —a—
Stroke 8/1245 (0.6%) vs. 26/3557 (0.7%) 0.81 (0.30-2.2), 0.68 =
[ Intraop. hypotension  290/1245 (23.3%) vs. 1017/3557 (28.6%) 0.80 (0.73-0.88), <0.001 LR |
Postop. hypotension 242/1245 (19.4%) vs. 719/3557 (20.2%) 0.92 (0.77-1.10), 0.36 —a—
MI (Exploratory) 57/1245 (4.6%) vs. 148/3557 (4.2%) 0.91 (0.66-1.27), 0.59 —a—
Death, MI, or stroke (Exploratory) 78/1245 (6.3%) vs. 221/3557 (6.2%) 0.81 (0.62-1.03), 0.08 ——
Hypotension Outcome Events in exposed vs. unexposed aRR (95% CI), p-value
Intraoperative Death, MINS, or stroke  464/4162 (11.1%) vs. 945/10525 (9.0%) 1.11 (0.98-1.25), 0.09 —a—
Death 133/4162 (3.2%) vs. 169/10525 (1.6%) 1.41 (1.07-1.86), 0.02 —
MINS 53/4138 (8.5%) vs. 807/10496 (7.7%) 1.04 (0.90-1.20), p———
Stroke 32/4162 (0.8%) vs. 58/10525 (0.6%) 1.14 (0 85-1.54) Q. 37 ew
| Postop. hypotension _1133/4162 (27.2%) vs. 1595/10525 (15.2%) 1.65 (1.48-1.84)_ <0.001 s |
MI (Exploratory) 137/4162 (3.3%) vs. 309/10525 (2.9%) 1.05 (0.80-1.35), 0.74 -3
Death, MI, or stroke (Exploratory) 273/4162 (6.6%) vs. 472/10525 (4.5%) 1.23 (1.03-1.47), 0.03 —a—
Postoperative Death, MINS, or stroke 439/2728 (16.1%) vs. 970/11959 (8.19%) 1.68 (1.53-1.85), <0.001 —8—
Death 125/2728 (4.6%) vs. 177/11959 (1.5%) 2.20 (1.90-2.54), <0.001 ——
MINS 346/2703 (12.8%) vs. 814/11931 (6.8%) 1.63 (1.44-1.84). <0.001 —8—
Stroke 24/2728 (0.9%) vs. 66/11959 (0.6%) 1.73 (0.67-4.51), 0.26 =
MI (Exploratory) 153/2728 (5.6%) vs. 293/11959 (2.5%) 1.96 (1.66-2.32), <0.001 —e—
Death, MI, or stroke (Exploratory) 266/2728 (9.8%) vs. 479/11959 (4.0%) 2.01 (1.72-2.33), <0.001 ——

I L] L |
0.50 0.75 1.00

1.50 2.00 3.00
Adjusted Relative Risk
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Confounding factors

Clinically significant bleeding during surgery:

®278 (5.8%) in baseline ACEI/ARB users

®Significantly associated with the composite of death and vascular events

(aRR, 1.49; 95% Cl, 1.13 to 1.97; P = 0.004)

® Not associated with withholding these medications (aRR, 0.94; 95% Cl, 0.70 to 1.26;
P = 0.69)

Significant bleeding within 30 days of surgery:

®|n 955 (19.9%) ACEI/ARB users

®Significantly associated with the primary outcome (aRR, 2.05; 95% Cl, 1.63 to 2.59; P < 0.001)
® Not associated with withholding these medications (aRR, 1.04; 95% Cl, 0.92 to 1.18; P = 0.56)




Confounding Factors

Other antihypertensive
medications

Ary arahypertensive

Beta-blockers

Rate-corwroling CC8s

Diydropyridine CCBs

Alpha—-2 agorsts

Long acting nitrates

Outcome

Daath, M1, or sroke (Expioratory)

Death, MINS, or stroke

Daath, M1, or stroke (Exploratary)
Death, MINS, or stroke

Intraog. hypotension

Postop. hypotension

M (Exploratory)

Death, MI, or stroke (Exploratory)

Death, MINS, or stroke

Events In withheld vs. continued

1501245 (12.0%) vs 4536557 (12.9%)
251245 (2.0%) va 7457 (2.1%)
1321245 (10.6%) v 3923541 (11.3%)
81245 (0.6%) vs. 2673557 (0.7%)
26001245 (22.3%) v, 1017/3557 (28.6%)
242/1245 (10.4%) va. 7193557 {20.2%)
571245 (4.6%) ve. 14803557 (4.2%)
T8/1245 (6.3%) vs. 22173557 (6.2%)

255/1794 (14.2%) va 625/5062 (12.4%)
SQ1794 (2.8%) vs. 1035062 (2.0%)
2151790 (12.0%) va 535038 {10.7%)
1871794 {1.0%) v 435062 (0.8%)
44001794 (24,5%) vs. 1485062 (29.5%)
360/1794 (20.19%) ve 95V5062 (18.9%)
9711794 (5.4%) vs. 2155062 (4.2%)
145/1794 (B.1%) v 318/5062 {6.3%)

T26805 (17.8%) vs 3132107 (14.9%)
16406 (4.0%) v 442107 (2.1%)
55403 (13.6%) va 2732067 (13.0%)
/405 (1.5%) vs 2722107 (1.3%)
1047406 (25.7%) va. B25/2107 (29.7%)
944405 (23.2%) va 4512107 (21.4%)
27/406 {6.7%) v 1232107 (5.8%)
467405 (11.4%) v8. 17172107 (B.1%)

18102 (17.6%) ve. S9/382 (15.4%)
8102 {5.9%) vs. 4382 (1.0%)
15101 (14,9%) va 54/380 (14.2%)
11102 {1.0%) vs. 2/382 (0.5%)
29102 (28.4%) vs. 101/382 (26.4%)
15/102 (14.7%) vs. 65382 (17.3%)
71102 (6.9%) va. 13/382 (3.4%)
117102 (10.8%) vs 18382 (4.7%)

G7/382 (17.5%) vs. 21471638 (13.1%)
13/382 (3.4%) v 4171638 (2.5%)
S7/381 (15.0%) vs 17171630 {10.5%)
G382 (1.6%) vs 251838 (1.5%)
100382 (26.2%) vs. 458/1638 (28 %)
GAIB2 (17.8%) v 226/1638 (13.8%)
27/382 (7.1%) v BO/1638 (4.6%)
404382 (10.5%) ve 12811638 (7.6%)

319 (15.8%) v5. 1580 (21.7%)
219 (10.5%) v& 4/68 (5.6%)
118 (56%) v 14/69 (20.3%)

019 (0%) vs. 068 (0%)

1119 (57.9%) v5. 2369 (33.3%)
519 (25.3%) vs. 965 (13.0%)
119 (5.3%) vs. 7/89 (10.1%)
319 (15.8%) vs. B/ (11.6%)

19057 (28.4%) vs. 67/291 (23.0%)
AB7 (4.5%) vs. 10291 (3.4%)
16756 (24.2%) vs. 62/290 (21.4%)
187 (1.5%) v 3291 (1.0%)
20087 (28.9%) vs. T&/291 (26.5%)
16087 (23.9%) ve. 63291 (21.6%)
1087 (14.9%) vs. 31/291 (10.7%)
14067 (20.9%) vs. 39/201 (13.4%)

aRR (35% CI), p-value

0.80 (0.68-0.95), 0.01
0.76 (0.47-1.21), 025
0.81 (0.68-0.97), 0.02
0.81 (0.25-268), 0.73
0.62 {0.72-0.63), 0.002
0.91 (0.76-1.09), 0.31
0.94 (0.67-1.32), 0.72
0.84 {0.64-1.10), 0.20

0.97 (0.85-1.12), 0.70
1.05 (0.72-1.53), 0.79
095 (082, 1.09), 045
1.16 (052, 1.15), 0.64
0.84 (0.75-0.95), 0.005
1,02 {0.88-1.18), 0.82
1.03 {0.75-1.42), 0.83
1.05 (0.84-1.32), 0.67

1.20 (0.99-1.47), 0.07
1.71 (1.03-285), 0.04
1.07 (0.72-1.60), 0.73
1.12 (0.45-259), 0.78
093 (0.73-1.17), 051
1.18 (0.94-1.50), 0.16
1.00 (0.43-2.04), 1.00
1.26 (0.96-1.65), 0.10

0.98 (0.78-1.24), 087
0.82 (0.42-1.62), 057
1.10 (0.82-1.45), 0.53
0.81 (0.23-2.84), 0.75
0.97 (0.82-1.15), 0.74
1.13 (0.89-1.43), 031
1.85 (0.62-5.53), 0.27
180 (0.75-4.35), 0.19

1.09 (0.68-1.72), 0.73
4.78 (1.59-14.35), 0.005
1.06 {0.69-1.63), 0.79
1.43 (0.25-7.92), 0.68
1.08 {0.78~1.49), 0.66
0.88 {0.54-1.43), 0.60
2.13{1.12-4.05), 0.02
0.91 (0.62-1.32), 0.62

1.09 (0.48-2.48), 085
1.95 (0.48-7.84), 0.35
0.45 (0.18-1.22), 0.12
NIA
1.58 (1.10-2.27), 0.01
1.42 (0.71-3.26), 0.28
0.92 (0.27-3.15), 0.89
1.87 (0.86-4.05), 0.11

0.96 (0.69-1.32), 0.79
0.58 (0.19-1.80), 0.35
0.93 (0.61-1.43), 0.75
1.02 (0.06-17.29), 0.99
1.17 {0.83-1.48), 018
1.00 (0.70-1.42), 0.98
1.18 (0.47-297), 073
1.13(063-201), 068

050 075100 150200 300 500

Adjusted Relative Risk




Discussion

Could not study potentially relevant subgroups eg, heart failure,
known cardiovascular disease

Crude dichotomous definition of hypotension (sBP < 90 mmHg)
rather than actual values

We did not study the effects of withholding antihypertensive
medications after surgery because the timing of postoperative
medication use was not captured with sufficient precision in VISION

T




Conclusion

Withholding ACEI/ARBs on the day of a noncardiac surgery
may reduce the risk of perioperative death, stroke, or
myocardial injury in patients who take these medications

chronically.

Clinicians should consider recommending that patients
withhold ACEI/ARBs 24h before surgery.

Anesthesiology. 2017 Jan;126(1):16-27.
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P: All patients who undergo noncardiac surgery are eligible if they
are > 45 years of age and receive a general or regional anesthetic

I: withhold ACEI/ARBs for 24 hours before surgery
C: continue ACEI/ARBs before surgery

O: Reduced death, MINS, stroke, perioperative hypotension in
patients who withhold ACEI/ARBs
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Brazil, Canada, China, Columbia, India, Malaysia, Spain: University and
Non-University Hospitals
Overnight admission after surgery
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Participants answered a series of questions regarding their past
medical, surgical, and social history.

Study personnel reviewed medical charts for additional history
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Measure cTnT to assess for myocardial injury 6 to 12h postoperatively and on the first
3 days after surgery.

Research staff obtained other information on death and stroke from in-hospital
follow-up, review of medical records, and a follow-up telephone interview conducted
with the patients or their caregivers 30 days after surgery.
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o Multivariable modified Poisson regression: patient characteristics, preoperative use of
antihypertensive medications and antiplatelet agents or anticoagulants that may
contribute to perioperative bleeding (use vs. no use 1 to 7 days before surgery),
continuation, withholding, or new initiation of these medications on the day of
surgery, and the type and the timing of surgery (elective vs. urgent or emergency
surgery).

o Cluster-robust variance estimator: potential center effects

o Sensitive analyses: significant intraoperative bleeding, significant bleeding within 30
days, association between holding versus continuing other antihypertensive agents
and our primary outcome.
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Timing of postoperative meditauuii usc was niue captured with sufficient precision in VISION
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ACEI/ARB users who withheld their ACEI/ARBs in the 24h before
surgery were less likely to suffer:

®Primary composite outcome of all-cause death, stroke, or
myocardial injury (adjusted relative risk, 0.82; 95% Cl, 0.70 to 0.96;
P=0.01)

®Intraoperative hypotension (adjusted relative risk, 0.80; 95% Cl,
0.72 t0 0.93; P < 0.001)
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Clinical consequences of withholding versus administering renin-
angiotensin-aldosterone system antagonists in the preoperative
period - J Hosp Med. 2008 Jul;3(4):319-25.
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If all patients who continue to take ACEI/ ARBs on the day of
surgery were to instead withhold them, 5.9% (95% Cl, 1.2 to
10.1)—or over 500,000 patients per year—would avoid
death, MINS, or stroke within 30 days of their operation.




Thank you!
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