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NPO除藥 

Norvasc? Inderal? 

Diovan? Lasix? 
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Mechanism of Angiotensin Converting Enzyme Inhibitos (ACEI) 
and Angiotensin II Receptor Blocker (ARB) 

 Wikipedia 
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 Vasoconstriction: 
1. Sympathetic activation 

2. Angiotensin II (RAAS) 

3. Vasopressin 
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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. 
Intraoperative 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):307-19. 

Intraoperative hypotension, but not hypertension, is associated with 
increased 30-day operative mortality. 
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停藥/不停藥？ 
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Recommendations for Perioperative 
ACEI/ARB 

 Class IIa 
1. Continuation of angiotensin-converting enzyme (ACE) inhibitors or 
angiotensin-receptor blockers (ARBs) perioperatively is reasonable. 
300-301(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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Anesth Analg. 2012 Mar;114(3):552-60 

Cleveland Clinic, Ohio.  2005 and 2009. 

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



 Group 1: patients taking ACEI chronically 

 Group 2: controls 

  Primary outcome: Respiratory complications 
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ACEI Induced Cough 
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K/DOQI Clinical Practice Guidelines on Hypertension and Antihypertensive Agents in Chronic Kidney Disease 



 Group 1: patients taking ACEI chronically 

 Group 2: controls 

 盲點1: ARBs in both groups 

 盲點2: ACEI routine: continue until the day before surgery, 
but not to take them the morning of surgery 
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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 
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J Hosp Med. 2008 Jul;3(4):319-25. 
 



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% CI 1.14 to 2.01; I2=59%; five studies) 

 No change in important cardiovascular outcomes (ie, death, 
MI,  stroke, kidney failure). 
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J Hosp Med. 2008 Jul;3(4):319-25. 
 



Recommendations for Perioperative 
ACEI/ARB 
 Class IIa 
1. Continuation of angiotensin-converting enzyme (ACE) 
inhibitors or angiotensin-receptor blockers (ARBs) 
perioperatively is reasonable. 300-301(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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 Systematic review of Randomized controlled trials (RCTs)  

 Perioperative administration of ACEIs or ARBs v.s. placebo  

 Any type of surgery under general anaesthesia 
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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? 
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Cochrane Database Syst Rev. 2016 Jan 27;(1) 
 



Objectives 
 P: Adults (age ≥18 years), any type of surgery, general anesthesia 

 I: preoperative ACEIs  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 ACEIs or ARBs 
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Cochrane Database Syst Rev. 2016 Jan 27;(1) 
 



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



考科藍的誤差風險工具  
(COCHRANE'S RISK OF BIAS TOOL) 

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



Results  

 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 
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Results  

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



Results  

 Clinical backgrounds of participants varied 
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Cochrane Database Syst Rev. 2016 Jan 27;(1) 
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Cochrane Database Syst Rev. 2016 Jan 27;(1) 
 

Pretorius 2012 
 
 

Colson 1992 
 
 



Conclusion 
 No evidence to support perioperative ACEIs or ARBs can 
prevent: 
Mortality 
Complications (hypotension, and cardiac surgery-related 
renal failure) 
Acute myocardial infarction 
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Cochrane Database Syst Rev. 2016 Jan 27;(1) 
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Anesthesiology. 2017 Jan;126(1):16-27. 
 
 



Methods 
 VISION: Vascular events In noncardiac 
Surgery patIents cOhort evaluation 

 International prospective cohort study 

 12 centers in 8 countries: (North and 
South America, Australia, Asia, and 
Europe) 
14,687 patients included 
4,802 patients included in ACEI/ARBs 
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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 
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Anesthesiology. 2017 Jan;126(1):16-27. 
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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 
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Anesthesiology. 2017 Jan;126(1):16-27. 
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Anesthesiology. 2017 Jan;126(1):16-27. 
 
 



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% CI, 1.13 to 1.97; P = 0.004)  
Not associated with withholding these medications (aRR, 0.94; 95% CI, 0.70 to 1.26; 
P  =  0.69) 

 Significant bleeding within 30  days of surgery: 
In 955 (19.9%) ACEI/ARB users  
Significantly associated with the primary outcome (aRR, 2.05; 95% CI, 1.63 to 2.59; P < 0.001)  
Not associated with withholding these medications (aRR, 1.04; 95% CI, 0.92 to 1.18; P = 0.56) 
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Confounding Factors 
 Other antihypertensive 
medications 
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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 
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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. 
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Appraisal: 
CASP世代研究檢核表 
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(A)研究結果可信嗎? 
 1. 研究問題是否清楚且聚焦?  

 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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(A)研究結果可信嗎? 
 2.以可接受的方式招募受試者(世代)嗎? 

    所選擇的世代是否能代表特定的族群? 

    所選擇的世代有無特殊性? 
    Age>45 years   
   Brazil, Canada, China, Columbia, India, Malaysia, Spain: University and    
Non-University Hospitals 

   Overnight admission after surgery 

    所有應該收案的對象都已納入? 
    Age < 45 years 
    Outpatients 
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(A)研究結果可信嗎? 
 3.是否準確測量暴露的變項，以減少偏差?  

    研究者用主觀或客觀的測量?  

    該測量是否真實反應原來想要測量的變項 (測量是否 經過信效
度驗證)? 

    所有受試者以相同的程序分派至不同暴露的組別 

   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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(A)研究結果可信嗎? 
 4.結果測量是否精確以減少偏差? 

  他們使用主觀或客觀的測量方式? 

  研究者用主觀或客觀的測量? 

  是否已建置可靠的系統以檢測所有的個案 (用於測量疾病的發生)?  

  不同組別的測量方式是否相似?  

  個案和/或結果的評估員是否盲化(有無盲化是否有影響)?  not mentioned 

  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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(A)研究結果可信嗎? 
 5. (a)研究者是否釐清所有重要的干擾因素?    

          Type of anesthetics, duration of ACEI/ARBs intake, dose 

      (b)研究者在研究設計和/或分析時是否考量干擾因素? 
◦ 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).  

◦ Cluster-robust variance estimator: potential center effects  
◦ 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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(A)研究結果可信嗎? 
 6. (a)研究對象的追蹤夠完整?  

       Timing of postoperative medication use was not captured with sufficient precision in VISION 

     (b)研究對象的追蹤時間夠久? 

       > 30 days ? 
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(B)研究結果為何? 
 7.研究的結果為何? 

 8.研究結果有多精準? 

 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% CI, 0.70 to 0.96; 
P = 0.01)  

Intraoperative hypotension (adjusted relative risk, 0.80; 95% CI, 
0.72 to 0.93; P < 0.001) 
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(B)研究結果為何? 
 9.你相信這個研究結果嗎? 

     n = 14,687; ACEI/ARBs n = 4,802 

  這是否可能是由於偏差、巧合或干擾因素造成的嗎? 

  是否研究設計和方法的缺陷足以造成不可信結果? 

  布拉德福德希爾準則(Bradford Hills criteria)(如：時間序列、劑量 
-效應關係、生物學合理性、一致性)  
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(C)研究結果對於當地病人有幫助嗎? 
 10.研究結果是否可以應用在本地族群? 

      

 11.這個研究結果與其他現有的證據相符合? 

       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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(C)研究結果對於當地病人有幫助嗎? 
 12.本研究在應用上的意義為何? 

 If all patients who continue to take ACEI/ ARBs on the day of 
surgery were to instead withhold them, 5.9% (95% CI, 1.2 to 
10.1)—or over 500,000 patients per year—would avoid 
death, MINS, or stroke within 30 days of their operation.  
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Thank you! 
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使用 ACEI / ARB 控制血
壓的病人，術前準備
需要停藥嗎？ 

請投票～ 

54 

綠(同意):10人  
黃(需討論):57人  
紅(不同意):4人  
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