Title: Mortality after early postoperative nonresumption of angiotensin receptor blockers: a cohort study.

Background:
Angiotensin receptor blockers (ARBs) are frequently prescribed for chronic hypertension, heart failure, and chronic renal failure, as they help reduce progression of cardiovascular and renal disease1.  However, both ARBs and angiotensin converting enzyme inhibitors (ACEIs) impair the renin-angiotensin-aldosterone system (RAS), which plays an important role in maintaining blood pressure under anesthesia, and have frequently been associated with intraoperative hypotension following induction of general anesthesia2-6.  According to one observational study, the hypotensive effects of ARBs under anesthesia may be even worse than ACEIs3.  Although controversial, some suggest that both ACEIs and ARBs be discontinued 10-24 hours prior to surgery2 7 8.

Data about the longer-term postoperative effects of ACEIs and ARBs are conflicting, with previous studies showing both increased9 and decreased10 long-term mortality among those on ACEI/ARB.  It is possible that physicians actively choose to restart an ARB postoperatively.  However, another possibility is inadvertent discontinuation of the drug during multiple transitions of care, which has previously been observed in post-surgical patients11.  Withdrawal of other classes of cardiovascular drugs, including statins and beta-blockers, have been shown to lead to worse outcomes12 13.

A recent cohort study among Veterans Health Administration patients on chronic ACEI therapy showed that failure to resume ACEI therapy by 14 days postoperatively was associated with increased mortality14.  It is unclear whether these associations are also true for ARBs.  We therefore determined how often patients with regular preoperative ARB prescriptions, who presented for any inpatient surgery at the Veterans Health Administration between 1999 and 2011, had ARBs restarted within the first 2 days postoperatively. We then examined whether nonresumption of ARBs in the early postoperative period increases postoperative morbidity and mortality.

Methods:
In this retrospective cohort study, we analyzed patients regularly taking angiotensin receptor blockers (ARBs), presenting for surgery at the Veterans Health Administration between 1999 and 2011.  
Subjects: 
Adults with recurring prescriptions for an ARB, presenting for any inpatient surgery at the Veterans Health Administration (VHA) between 1999-2011 were included in the study.  The VHA includes approximately 130 surgical hospitals across the United States.  
Selection criteria & rationale:
Inclusion criteria were adults undergoing any surgery at a VA center with a hospital length-of-stay > 24 hours and 2 or more preoperative outpatient prescription fills for an ARB.  
Exclusion criteria: 
Patients with fewer than 2 refills of ARB preoperatively were excluded, since chronic use of ARB could not be established.  Patients with more than a 183-day gap between most recent outpatient prescription for ARB and date of surgery were excluded, since this could have represented preoperative discontinuation or inconsistent use.  For patients presenting for multiple surgeries, encounters with previous surgery in the prior 90 days were excluded.  Patients with missing diagnosis codes were also excluded.  Patients unable to take oral medications for the first 2-days postoperatively, as noted by IV administered medications only, were excluded.  Patients that died on postoperative day 0 to 2 were also excluded, since they may not have had the opportunity to be restarted or discontinued from their ARB.  

Determination of postoperative ARB use:
The restarted group is defined as patients having a record of inpatient ARB administration or a post-discharge outpatient ARB prescription within 2 days of the operative day.  The discontinued group is defined as patients with no record of inpatient ARB administration and no post-discharge outpatient ARB prescription within the 2 days.

Determination of outcomes:
1. Mortality
Date of postoperative deaths were determined from VA Vital Status files, which have previously been shown to be highly accurate15. 
2. Postoperative complications (not discussed for Biostats 209)
Complications were defined using new diagnostic codes occurring after the day of surgery and up to 91 days after surgical discharge.  Complications determined on the basis of these codes included cardiac complications (congestive heart failure, myocardial infarction, myocardial ischemia, elevated troponin, arrhythmia, cardiac arrest, and cerebral ischemia) and non-cardiac complications (renal failure, sepsis, deep vein thrombosis, pulmonary embolus, urinary tract infection, and non-ischemic stroke). 

Measurement of and adjustment for confounders:
Factors relating to the operation, such as surgical subspecialty and emergency versus elective surgery may have affected both prescribing patterns and mortality postoperatively.  A number of patient demographics and comorbidities may also have acted as confounders.  These include age, gender, and preoperative comorbidities, which were determined from ICD-9 codes.  

Immediate postoperative events, such as early postoperative hypotension, may also have contributed both to stopping the ARB and to mortality.  The first blood pressure taken on post-operative day 1 was determined from VA vital signs records and patients were noted to be hypotensive if their systolic blood pressure was <90, mean arterial blood pressure was <65, or if patients required vasopressor or inotropic support (epinephrine, norepinephrine, phyenylephrine, vasopressin, dopamine, or dobutamine).  Acute kidney impairment was defined by a greater than 50% rise in first postoperative creatinine (within 2 days) compared to baseline (lowest recorded in prior 12 months).  Acute reductions in glomerular filtration rate (GFR) were defined by GFR decreasing by 2 or more categories in the first 2 days postoperatively (categories: >90, 61-90, 31-60, 16-30, <15).  Lastly, transfusion requirement was  recorded in the first 2 days postoperatively.

Multivariable logistic regression and Cox proportional hazards modelling
Logistic regression was used to identify these hospital, operative, and patient-related factors associated with ARB nonresumption.  These factors were also used to develop a Cox proportional hazards model for postoperative mortality within 30-days.  After including all baseline factors which were thought to be possible confounders, a backward selection approach was used for the development of both models, including terms at a significance level of 0.1.  Interactions of each predictor in the Cox model with ARB nonresumption were determined.

Model Diagnostics
Cox proportional hazards assumptions were confirmed both graphically and by testing scaled Schoenfeld residuals.
 
Propensity score matching & sensitivity analyses
The results were verified by developing a propensity score to calculate the likelihood of being discontinued from the ARB at 2 days postoperatively.  Patients were then matched on their propensity score and mortality risk compared, both by adjusting for propensity in the full cohort and in the matched subset.  Finally, the effect of ARB nonresumption at 2 days postoperatively was modeled in a variety of pre-specified populations.

Results:
Of the 1.2 million surgical admissions at the VA during the study period, 26,913 surgical admissions in 26,044 patients met inclusion criteria.  Selected baseline characteristics of the cohort are shown in Table 1, classified by postoperative day of ARB resumption.  By day 2, 10,708 (39.8%) had not yet restarted their ARB and by day 30, 30.1% (n=8,101) were still not re-prescribed their ARB.  The cohort consisted of 96% men, as is typical of the VA population.  The patients had an average age of 67 years (SD 9.8), with a low median Gagne score of 1 (IQR 0-2).  The most common comorbidity in the cohort was hypertension (39.1%), while diabetes (27.7%), dyslipidemia (22.8%), and ischemic heart disease (26.7%) were also common.

A wide range of surgical subspecialties were represented in the cohort.  ARBs were most often restarted by postoperative day 2 in orthopedic (78.8%) and neurosurgery (75.4%) patients, while cardiac surgery patients had the fewest patients resuming by day 2 (28.9%).  The earliest years of the study period had lower rates of resumption than later years, with only 56.7% of patients restarting by day 2 in 1999-2004, compared to over 60% in subsequent years.

Logistic regression identified emergency surgery, cardiac surgery and high ASA score as predictors for nonresumption of ARB at 2-days (Table 2).  Specific comorbidities predictive of ARB nonresumption at 2-days include ischemic and valvular heart disease, morbid obesity and fluid/electrolyte disorder, but not diabetes or peripheral vascular disease.  Events on postoperative day 0-1 that predicted nonresumption of ARB include hypotension, elevated troponin, transfusion requirement and acute kidney injury, as identified by acute changes in creatinine or a new diagnosis of renal failure.

Although there was some improvement in balance of baseline characteristics after matching 1:1 by propensity score (n=17,280), several factors were still unbalanced, including ASA physical status and presence of ischemic heart disease (Table 3).  In the full cohort, as expected, the average propensity score for those that resumed ARB by day 2 (propensity score = 0.65, 95% CI 0.64-0.66) was higher than in those that did not resume by day 2 (propensity score = 0.14, 95% CI 0.12-0.15).  Once matched, the average propensity score in both groups did not differ (both groups propensity score = 0.40, 95% CI 0.39-0.41, p=0.9) .  

As shown in Table 4, using a Cox proportional hazards model, the crude hazard ratio for all-cause mortality in the group that failed to resume ARB compared to those that resumed by postoperative day 2 was 2.08 (95% CI 1.76-2.46).  After adjusting for predictors of ARB-discontinuation, the hazard ratio for mortality was 1.57 (95% CI 1.32-1.87, p<0.001).  The hazard ratio after adjustment for propensity-score was 1.60 (95% CI 1.34-1.92, p<0.001) and decreased only slightly when the analysis was restricted only to those propensity-matched (HR=1.53, 95% CI 1.26-1.87, p<0.001).

Interaction with age
Interactions of all predictors in the Cox model with ARB resumption status by day 2 were tested.  The only significant interaction observed was with age.  The effect of ARB nonresumption appeared to be greater in those of younger age.  The HR for those aged <60 was 3.31 (95% CI 2.01-5.45, p<0.001), while it was lower for those of older age, as shown in Table 3.  When modelled as a continuous variable, the HR for 30-day mortality in those that failed to resume ARB compared to those that restarted within 2 days at the mean age in our cohort (67 years) is 1.81 (95% CI 1.49-2.20) and decreases 0.76 times for each increase in age of 10 years.

Sensitivity analyses
The hazard ratios for postoperative mortality in pre-determined subpopulations are shown in Table 5 (shown for interest, not discussed for Biostat 209).

Model diagnostics
Model diagnostics were first performed on the model excluding the interaction term of ARB-resumption status with age.  The Kaplan-Meier estimates and predicted survival plots were graphed by ARB-resumption status and the results appeared proportional.  Log-minus-log plots were also plotted by ARB-resumption status, and these appeared proportional.  Next, smoothed scaled Schoenfeld residuals were plotted and appeared constant.  The Schoenfeld test for proportional hazards for ARB-resumption status (and all the other predictors in the model) was not statistically significant, so we did not reject the hypothesis of proportional hazards (p=0.26).  This was repeated for the full model including the interaction of ARB resumption status with age and similarly did not reveal any statistically significant results.  However, this test may not have been able to show small departures from proportionality due to the large 'n' in this study.  Proportional hazard assumption plots were repeated for each categorized age group.  Although the HR in the first few days after postoperative day 2 may be slightly lower than other times, especially in the oldest age group, the hazards appeared generally proportional.  In summary, proportional hazards were not rejected by any of our model diagnostic tests and graphs (see appendix for graphs).

Discussion of Results
In summary, failure to resume ARB by postoperative day 2 is common, occurring in 40% of patients in this national VA cohort.  Nonresumption of ARB by postoperative day 2 was independently associated with increased 30-day mortality (HR 1.6, 95% CI 1.3-1.9).  The increased risk is consistent even when restricting the cohort to those with matched propensity for restarting ARB within the first 2 days postoperatively (HR 1.5, 95% CI 1.3-1.9).  

Although the  increased risk of mortality is seen across all age groups, there appears to be an important interaction of the effect of ARB nonresumption and age on mortality.  The hazard ratio for all-cause mortality is 3.3 in patients younger than 60 years (95% CI 2.0-5.5) and only 1.4 in those older than 75 (95% CI 1.1-1.8).

Our results are consistent with the increased mortality found in a previous study of ACEI withdrawal14, suggesting that abrupt withdrawal of agents acting on the renin-angiotensin-aldosterone system may be harmful.  The hazard ratio we found was lower than that found in the study of ACEI, which might be because we adjusted for more confounders, ACEIs and ARBs act differently, or because the population under study differed.  

While it is difficult to determine from the available data if ARB nonresumption is intentional or not, previous studies have suggested that unintentional discontinuation of regularly prescribed medications can occur perioperatively, likely related to transitions of care14.  If intentional nonresumption occurred, our study may have been subject to confounding by indication - e.g. if the sickest patients had their ARB withheld intentionally, they are also likely the ones to suffer mortality.  However, our models adjust for more major confounders (e.g. early postoperative hypotension and acute kidney injury) than previous studies14.  Our measurement for outpatient prescription renewal as a marker for ARB resumption may have underestimated the true rate of ARB resumption.  However, by excluding outpatient surgery, all patients had at least one day of reliable inpatient medication administration records.  In addition, if patients were resuming their previous prescriptions as outpatients and misclassified as having discontinued, these patients would be, on average, healthier than inpatients and would be more likely to cause bias towards the null.

In conclusion, failure to resume ARB in the early postoperative period is common and is associated with increased 30-day postoperative mortality, even after adjusting for likely confounders.  Careful attention to resuming regularly prescribed medications in the postoperative period may reduce mortality, particularly in younger patients.




	Table 1 Demographics risk factors, stratified by postoperative ARB status

	
	Parameter
	Total surgeries
	ARB restarted after day 2 
(or never restarted)
	ARB restarted day 0-2
	p-value

	Total surgeries
	
	26,913
	10,708
	16,205
	

	Cumulative percentage
	
	
	39.8%
	60.2%
	

	
	
	
	
	
	

	Demographics
	
	
	
	
	

	Age
	<60 years
	6,469
	40.0%
	60.0%
	0.03

	
	60-75 years
	14,208
	40.3%
	59.7%
	

	
	>75 years
	6,236
	38.3%
	61.7%
	

	
	
	
	
	
	

	Gender
	Female
	990
	37.5%
	62.5%
	0.13

	
	Male
	25,923
	39.9%
	60.1%
	

	
	
	
	
	
	

	Medication factors
	
	
	
	
	

	Preoperative ARB Prescription Pattern
	2-3 refills
	6,521
	41.8%
	58.2%
	0.001

	
	4-10 Refills
	18,517
	39.2%
	60.9%
	

	
	>10 Refills
	1,875
	39.1%
	60.9%
	

	
	
	
	
	
	

	Surgical factors
	
	
	
	
	

	Surgery type
	General
	5,537
	42.8%
	57.2%
	<0.001

	
	Plastics
	398
	34.9%
	65.1%
	

	
	Vascular
	6,328
	35.9%
	64.1%
	

	
	Orthopedic
	4,987
	21.2%
	78.8%
	

	
	Urologic
	3,813
	37.1%
	62.9%
	

	
	Neurosurgery
	1,465
	24.6%
	75.4%
	

	
	Cardiac
	4,289
	71.1%
	28.9%
	

	
	Gynecologic
	96
	45.0%
	51.0%
	

	
	
	
	
	
	

	Surgery year
	1999-2004
	5,380
	43.3%
	56.7%
	<0.001

	
	2005-2007
	7,442
	39.3%
	60.7%
	

	
	2008-2009
	6,275
	37.6%
	62.4%
	

	
	2011-2012
	7,816
	39.6%
	60.4%
	

	
	
	
	
	
	

	Emergency versus elective
	Elective Surgery
	25,088
	39.1%
	60.9%
	<0.001

	
	Emergency Surgery
	1,825
	49.6%
	50.4%
	

	
	
	
	
	
	

	Comorbidities
	
	
	
	
	

	ASA Physical Status
	1
	21
	38.1%
	61.9%
	<0.001

	
	2
	2,194
	29.7%
	70.3%
	

	
	3
	18,315
	35.6%
	64.4%
	

	
	4
	6,341
	55.4%
	44.7%
	

	
	5
	42
	59.5%
	40.5%
	

	
	
	
	
	
	

	Cardiovascular comorbidities
	Ischemic heart disease
	7,180
	52.6%
	47.4%
	<0.001

	
	Heart failure
	3,028
	49.8%
	50.2%
	<0.001

	
	Hypertension
	10,530
	43.4%
	56.7%
	<0.001

	
	Diabetes mellitus
	7,451
	42.7%
	57.4%
	<0.001

	
	Chronic kidney disease
	679
	43.9%
	56.1%
	0.03

	
	Peripheral vascular disease
	3,737
	41.7%
	58.3%
	0.01

	
	Stroke
	727
	38.2%
	61.8%
	0.39

	
	Dyslipidemia
	6,127
	45.3%
	54.7%
	<0.001

	
	Valvular disease
	1,576
	64.3%
	35.7%
	<0.001

	
	Pulmonary Circulatory disease
	433
	58.0%
	42.0%
	<0.001

	
	
	
	
	
	

	Cardiac Risk Factors*
	3 or more
	2,249
	47.0%
	53.0%
	<0.001

	
	
	
	
	
	

	Gagne Comorbidity Score
	0
	12,267
	36.3%
	63.8%
	<0.001

	
	1
	6,033
	41.0%
	59.0%
	

	
	2 to 4
	6,307
	43.2%
	56.8%
	

	
	>4
	2,306
	46.1%
	54.0%
	

	
	
	
	
	
	

	Events on POD 0-1
	Hypotension++ on POD 1
	597
	48.2%
	51.8%
	<0.001

	
	Elevated troponin POD 0-1
	1,474
	61.0%
	38.9%
	<0.001

	
	Acute renal impairment POD 0-2
	3,742
	53.2%
	46.8%
	<0.001

	
	Transfusion POD 0-2
	378
	58.2%
	41.8%
	<0.001


POD=postoperative day
*cardiac risk factors ischemic heart disease, cerebrovascular disease, heart failure, DM, CKD		
++Hypotension defined as first blood pressure on POD 1 SBP<90, MAP<65, or requiring inotropic or vasopressor support
P-values by chi-square test (absence of comorbidities not shown in table).


	Table 2 Factors associated with restarting ARB by postoperative day 2

	Parameter
	Reference
	Odds ratio
	95% CI
	p-value

	Demographics
	
	
	
	
	
	

	Age 60-75
	Age <60
	1.05
	0.99
	to
	1.12
	0.12

	Age >75
	Age <60
	1.19
	1.10
	to
	1.28
	<0.001

	
	
	
	
	
	
	

	Cardiac comorbidities+
	
	
	
	
	
	

	Ischemic heart disease
	No ischemic heart disease
	0.84
	0.78
	to
	0.90
	<0.001

	Valvular disease
	No valvular disease
	0.75
	0.67
	to
	0.85
	<0.001

	Diabetes mellitus
	No diabetes mellitus
	1.13
	1.06
	to
	1.21
	<0.001

	Peripheral vascular disease
	No peripheral vascular disease
	1.11
	1.02
	to
	1.20
	0.01

	
	
	
	
	
	
	

	Other comorbidities
	
	
	
	
	
	

	Fluid or electrolyte disorder
	No fluid or electrolyte disorder
	0.87
	0.78
	to
	0.96
	0.01

	Drug abuse
	No drug abuse
	1.35
	1.00
	to
	1.84
	0.05

	Lymphoma
	No lymphoma
	0.70
	0.48
	to
	1.04
	0.08

	Paralysis
	No paralysis
	1.32
	1.07
	to
	1.64
	0.01

	Morbid obesity
	Not morbidly obese
	0.74
	0.62
	to
	0.88
	0.001

	Liver disease
	No liver disease
	0.83
	0.67
	to
	1.01
	0.06

	Psychosis
	No psychosis
	1.17
	0.97
	
	1.39
	0.10

	
	
	
	
	
	
	

	Medication factors
	
	
	
	
	
	

	Few ARB preop refills (2-3)
	4 or more preop ARB refills
	0.91
	0.86
	to
	0.97
	0.002

	
	
	
	
	
	
	

	Surgical and early postoperative factors
	
	
	
	
	

	ASA Physical Status 1 & 2
	ASA Physical Status 3
	1.05
	0.95
	to
	1.16
	0.34

	ASA Physical Status 4 & 5
	ASA Physical Status 3
	0.76
	0.71
	to
	0.81
	<0.001

	Emergency Surgery
	Non-emergency surgery
	0.70
	0.63
	to
	0.77
	<0.001

	Orthopedic surgery
	General and other surgeries*
	2.24
	2.07
	to
	2.42
	<0.001

	Neurosurgery
	General and other surgeries*
	1.86
	1.64
	to
	2.10
	<0.001

	Cardiac Surgery
	General and other surgeries*
	0.34
	0.31
	to
	0.37
	<0.001

	Hypotension++ on POD1
	No hypotension POD1
	0.67
	0.57
	to
	0.80
	<0.001

	Cerebral ischemia diagnosis POD 0-1
	No cerebral ischemia POD1
	1.28
	1.13
	to
	1.46
	<0.001

	Elevated troponin POD 0-1
	No elevated troponin POD 0-1
	0.88
	0.78
	to
	0.99
	0.03

	New renal failure diagnosis POD 0-1
	No renal failure diagnosed POD 0-1
	0.43
	0.29
	to
	0.62
	<0.001

	Acute renal impairment POD0-2**
	No acute changes in creatinine
	0.77
	0.71
	to
	0.83
	<0.001

	Transfusion requirement POD0-2
	No transfusions POD0-2
	0.72
	0.58
	to
	0.90
	0.004


POD=postoperative day
+comorbidities defined by preoperative ICD9 codes.					
*General/Plastics/Urology/Gyn/Vasc						
++Hypotension defined as first blood pressure on POD 1 SBP<90, MAP<65, or requiring inotropic or vasopressor support
**Acute renal impairment defined as decline in GFR by 2 or more categories or doubling of creatinine


	Table 3 Demographics & risk factors (matched by propensity score)
	

	
	Parameter
	ARB restarted after day 2
(or never restarted), n
	%
	ARB restarted day 0-2, n
	%
	


p-value

	Total surgeries
	
	8,640
	50.0%
	8,640
	50
	

	
	
	
	
	
	
	

	Demographics
	
	
	
	
	
	

	Age
	<60 years
	2,068
	48.6%
	2,185
	51.4%
	<0.001

	
	60-75 years
	4,583
	52.9%
	4,079
	47.1%
	

	
	>75 years
	1,989
	45.6%
	2,376
	54.4%
	

	
	
	
	
	
	
	

	Gender
	Female
	333
	50.6%
	325
	49.4%
	0.75

	
	Male
	8,307
	50.0%
	8,315
	50.0%
	

	
	
	
	
	
	
	

	Medication factors
	
	
	
	
	
	

	Preoperative ARB Prescription Pattern
	2-3 refills
	2,174
	47.0%
	2,449
	53.0%
	<0.001

	
	4-10 Refills
	5,862
	51.2%
	5,588
	48.8%
	

	
	>10 Refills
	604
	50.0%
	603
	50.0%
	

	
	
	
	
	
	
	

	Surgical factors
	
	
	
	
	
	

	Surgery type
	General
	2,271
	53.1%
	2,009
	46.9%
	<0.001

	
	Plastics
	138
	47.3%
	154
	52.7%
	

	
	Vascular
	2,192
	49.0%
	2,282
	51.0%
	

	
	Orthopedic
	1,052
	50.6%
	1,028
	49.4%
	

	
	Urologic
	1,386
	46.9%
	1,569
	53.1%
	

	
	Neurosurgery
	355
	49.6%
	361
	50.4%
	

	
	Cardiac
	1,201
	49.9%
	1,207
	50.1%
	

	
	Gynecologic
	45
	60.0%
	30
	40.0%
	

	
	
	
	
	
	
	

	Surgery year
	1999-2004
	1,982
	52.8%
	1,773
	47.2%
	<0.001

	
	2005-2007
	2,332
	48.5%
	2,480
	51.5%
	

	
	2008-2009
	1,860
	47.9%
	2,026
	52.1%
	

	
	2011-2012
	2,466
	51.1%
	2,361
	48.9%
	

	
	
	
	
	
	
	

	Emergency versus elective
	Elective Surgery
	7,912
	50.0%
	7,919
	50.0%
	0.85

	
	Emergency Surgery
	728
	50.2%
	721
	49.8%
	

	
	
	
	
	
	
	

	Comorbidities
	
	
	
	
	
	

	ASA Physical Status
	1
	7
	38.9%
	11
	61.1%
	<0.001

	
	2
	637
	37.7%
	1,055
	62.4%
	

	
	3
	5,952
	52.0%
	5,495
	48.0%
	

	
	4
	2,026
	49.5%
	2,065
	50.5%
	

	
	5
	18
	56.3%
	14
	43.8%
	

	
	
	
	
	
	
	

	Cardiovascular comorbidities
	Ischemic heart disease
	2,237
	47.0%
	2,522
	53.0%
	<0.001

	
	Heart failure
	1,026
	49.5%
	1,049
	50.6%
	0.59

	
	Hypertension
	3,437
	49.8%
	3,461
	50.2%
	0.71

	
	Diabetes mellitus
	2,476
	51.1%
	2,370
	48.9%
	0.07

	
	Chronic kidney disease
	256
	52.5%
	232
	47.5%
	0.27

	
	Peripheral vascular disease
	1,288
	53.4%
	1,122
	46.6%
	<0.001

	
	Stroke
	222
	46.2%
	259
	53.9%
	0.09

	
	Dyslipidemia
	1,958
	49.6%
	1,990
	50.4%
	0.56

	
	Valvular disease
	426
	47.1%
	479
	52.9%
	0.07

	
	Pulmonary Circulatory disease
	146
	51.4%
	138
	48.6%
	0.63

	
	
	
	
	
	
	

	Cardiac Risk Factors*
	3 or more
	747
	46.7%
	854
	53.3%
	0.01

	
	
	
	
	
	
	

	Gagne Comorbidity Score
	0
	3,832
	50.1%
	3,820
	49.9%
	0.70

	
	1
	1,894
	49.2%
	1,955
	50.8%
	

	
	2 to 4
	2,092
	50.4%
	2,062
	49.6%
	

	
	>4
	822
	50.6%
	803
	49.4%
	

	
	
	
	
	
	
	

	Events on POD 0-1
	Hypotension++ on POD 1
	211
	46.6%
	242
	53.4%
	0.01

	
	Elevated troponin POD 0-1
	464
	51.0%
	446
	49.0%
	0.05

	
	Acute renal impairment POD 0-2
	1,195
	52.0%
	1,105
	48.0%
	0.04

	
	Transfusion POD 0-2
	121
	50.2%
	120
	49.8%
	0.95


POD=postoperative day
*cardiac risk factors ischemic heart disease, cerebrovascular disease, heart failure, DM, CKD		
++Hypotension defined as first blood pressure on POD 1 SBP<90, MAP<65, or requiring inotropic or vasopressor support
P-values by chi-square test.


	Table 4 Factors associated with risk of death at 30-days by Cox proportional hazards model

	Parameter
	Reference
	Hazard Ratio
	95% CI
	p-value

	ARB nonresumption at day 2 
(unadjusted)
	ARB resumed by POD2
	2.08
	1.76
	
to
	2.46
	<0.001

	ARB nonresumption at day 2 
(propensity-score adjusted)
	ARB resumed by POD2
	1.60
	1.34
	
to
	1.92
	<0.001

	ARB nonresumption at day 2 
(propensity-matched cohort, n=17,280)
	ARB resumed by POD2
	1.53
	1.26
	
to
	1.87
	<0.001

	ARB nonresumption at day 2 
(multivariable adjusted - no interactions)
	ARB resumed by POD2
	1.57
	1.32
	
to
	1.87
	<0.001

	
	
	
	
	
	
	

	Multivariable adjusted including interaction with age

	No ARB by day 2 for age <60
	ARB resumed by POD2
	3.31
	2.01
	to
	5.45
	<0.001

	No ARB by day 2 for age 60-75
	ARB resumed by POD2
	1.46
	1.13
	to
	1.88
	0.004

	No ARB by day 2 for age >75
	ARB resumed by POD2
	1.36
	1.05
	to
	1.75
	0.020

	
	
	
	
	
	
	

	Interaction between age and ARB nonrsumption at day 2

	Age 60-75 and ARB nonresumption
	Age <60 and ARB nonresumption
	0.44
	0.25
	to
	0.77
	0.004

	Age >75 and ARB nonresumption
	Age <60 and ARB nonresumption
	0.41
	0.23
	to
	0.71
	0.002

	
	
	
	
	
	
	

	Other associated factors by multivariable analysis*

	Demographics
	
	
	
	
	
	

	Age 60-75
	Age <60
	2.12
	1.33
	to
	3.40
	0.002

	Age >75
	Age <60
	4.14
	2.59
	to
	6.60
	0.000

	
	
	
	
	
	
	

	Cardiac Comorbidities
	
	
	
	
	
	

	Peripheral vascular disease
	No peripheral vascular disease
	1.42
	1.16
	to
	1.73
	0.001

	Dyslipidemia
	No dyslipidemia
	0.79
	0.65
	to
	0.97
	0.022

	Chronic kidney disease
	No chronic kidney disease
	1.74
	1.23
	to
	2.45
	0.002

	Heart failure
	No heart failure
	1.77
	1.44
	to
	2.17
	<0.001

	
	
	
	
	
	
	

	Other Comorbidities
	
	
	
	
	
	

	ASA Physical Status 1 & 2
	ASA Physical Status 3
	0.18
	0.07
	to
	0.49
	0.001

	ASA Physical Status 4 & 5
	ASA Physical Status 3
	1.94
	1.62
	to
	2.32
	<0.001

	Emergency surgery
	Non-emergency surgery
	3.76
	3.11
	to
	4.55
	<0.001

	Metastatic cancer
	No metastatic cancer
	2.10
	1.44
	to
	3.05
	<0.001

	Non-metastatic cancer
	No localized cancer
	1.52
	1.20
	to
	1.91
	<0.001

	Lymphoma
	No lymphoma
	
	
	
	
	

	Chronic pulmonary disease
	No chronic pulmonary disease
	0.73
	0.51
	to
	1.06
	0.100

	Fluid or electrolyte disorder
	No fluid or electrolyte disorder
	1.26
	0.99
	to
	1.59
	0.061

	
	
	
	
	
	
	

	Early postoperative events
	
	
	
	
	
	

	Hypotension++ on POD1
	No hypotension POD1
	2.20
	1.58
	to
	3.06
	<0.001

	Myocardial ischemia diagnosed POD 0-1
	No myocardial ischemia POD 0-1
	0.29
	0.09
	to
	0.91
	0.034

	Acute renal impairment POD 0-2
	No acute changes in creatinine
	1.45
	1.19
	to
	1.76
	<0.001

	Diagnosis of non-ischemic stroke POD0-1
	No non-ischemic stroke POD 0-1
	2.47
	1.09
	to
	5.59
	0.030

	Elevated troponin POD 0-1
	No elevated troponin POD 0-1
	1.27
	0.98
	to
	1.66
	0.074


POD = Postoperative Day
*Model includes interaction with age
+comorbidities defined by preoperative ICD9 codes.
++Hypotension defined as first blood pressure on POD 1 SBP<90, MAP<65, or requiring inotropic or vasopressor support
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	Table 5 Sensitivity analyses: risk of mortality associated with ARB discontinuation by subgroup

	
	
	
	
	
	
	
	
	
	
	
	
	

	Population
	n
	Hazard Ratio
(Age <60)
	95% CI
	p-value
	
	Hazard Ratio
(Age 60-75)
	95% CI
	p-value
	
	Hazard Ratio (Age>75)
	95% CI
	p-value

	
	
	
	
	
	
	
	
	
	
	
	
	

	Patient factors
	
	
	
	
	
	
	
	
	
	
	
	

	Cases of disseminated cancer excluded
	26,392
	3.15
	1.89-5.26
	<0.001
	
	1.45
	1.12-1.89
	0.01
	
	1.31
	1.01-1.71
	0.04

	Acute kidney injury excluded
	23,091
	3.34
	1.93-5.78
	<0.001
	
	1.54
	1.15-2.06
	0.003
	
	1.38
	1.03-1.87
	0.03

	ASA score 4/5 excluded
	20,530
	3.10
	1.45-6.63
	0.004
	
	1.78
	1.25-2.54
	0.002
	
	1.36
	0.94-1.95
	0.10

	Cases with comorbidity score 0-1
	18,300
	2.66
	1.25-5.64
	0.01
	
	1.52
	1.03-2.23
	0.03
	
	1.38
	0.92-2.07
	0.12

	Cases with comorbidity >1
	8,613
	3.69
	1.89-7.23
	<0.001
	
	1.37
	0.97-1.94
	0.07
	
	1.36
	0.98-1.89
	0.07

	>2 cardiac risk factors
	2,249
	5.02
	1.77-15.6
	0.003
	
	2.09
	1.13-3.89
	0.02
	
	1.47
	0.78-2.75
	0.23

	2 or fewer cardiac risk factors
	24,664
	2.79
	1.58-.91
	<0.001
	
	1.34
	1.01-1.78
	0.05
	
	1.31
	0.98-1.73
	0.06

	
	
	
	
	
	
	
	
	
	
	
	
	

	Surgical factors
	
	
	
	
	
	
	
	
	
	
	
	

	Elective cases only
	25,088
	2.56
	1.45-4.50
	0.001
	
	1.52
	1.14-2.03
	0.01
	
	1.28
	0.94-1.75
	0.12

	Emergency cases only
	1,825
	7.23
	2.16-24.2
	0.001
	
	1.37
	0.78-2.42
	0.27
	
	1.44
	0.90-2.31
	0.13

	Cardiothoracic surgery only
	4,289
	1.35
	0.45-4.03
	0.59
	
	0.75
	0.44-1.25
	0.27
	
	0.68
	0.32-1.46
	0.32

	Non-cardiothoracic surgery only
	22,624
	3.84
	2.19-6.74
	<0.001
	
	1.58
	1.17-2.13
	0.003
	
	1.53
	1.16-2.01
	0.002
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Appendix - Cox Proportional Hazards Model Diagnostics Graphs

For adjusted model without interaction terms:
[image: ][image: ][image: ]

For adjusted model, stratified by age group - age <60 only:
[image: ][image: ][image: ]



For adjusted model, stratified by age group - age 60-75 only:
[image: ][image: ][image: ]

For adjusted model, stratified by age group - age >75 only:
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Cox proportional hazards regression (full model), by age group:
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