Supplementary Figures and Tables

	Table S1. Patient Characteristics

	Characteristics 
	Pre-Covid-19

Surgery before January 1, 2020 (n=2,621)
	Peri-Covid-19

Surgery 0-4 weeks after Covid-19 (n=780)
	Early Post-Covid-19

Surgery 4-8 weeks after Covid-19 (n=445)
	Late Post-Covid-19

Surgery at least 8 weeks after Covid-19 (n=1,633)
	p-value

	Age (median, IQR)
	56 (46-65)
	56 (45-63)
	55 (43-63)
	56 (44-64)
	<0.001

	Male
	888 (33.9%)
	300 (38.5%)
	161 (36.2%)
	562 (34.4%)
	0.109

	Race
	
	
	
	
	<0.001

	   White
	1,251 (47.7%)
	404 (51.8%)
	213 (47.9%)
	683 (41.8%)
	

	   Black 

  
	286 (10.9%)
	60 (7.7%)
	35 (7.9%)
	153 (9.4%)
	

	   Hispanic
	230 (8.8%)
	70 (9.0%)
	28 (6.3%)
	169 (10.4%)
	

	   Asian
	8 (0.3%)
	5 (0.6%)
	3 (0.7%)
	13 (0.8%)
	

	   Other/Unknown
	846 (32.3%)
	241 (30.9%)
	166 (37.3%)
	615 (37.7%)
	

	First Digit Zip Region
	
	
	
	
	<0.001

	   0
	126 (4.9%)
	55 (7.2%)
	26 (6.0%)
	107 (6.7%)
	

	   1
	225 (8.7%)
	85 (11.1%)
	26 (6.0%)
	166 (10.3%)
	

	   2
	216 (8.3%)
	48 (6.3%)
	34 (7.8%)
	131 (8.1%)
	

	   3
	513 (19.8%)
	124 (16.2%)
	76 (17.5%)
	292 (18.1%)
	

	   4
	363 (14.0%)
	169 (22.1%)
	81 (18.7%)
	203 (12.6%)
	

	   5
	185 (7.1%)
	47 (6.2%)
	37 (8.5%)
	116 (7.2%)
	

	   6
	224 (8.6%)
	48 (6.3%)
	22 (5.1%)
	148 (9.2%)
	

	   7
	436 (16.8%)
	98 (12.8%)
	68 (15.7%)
	255 (15.8%)
	

	   8
	185 (7.1%)
	51 (6.7%)
	39 (9.0%)
	116 (7.2%)
	

	   9
	123 (4.7%)
	39 (5.1%)
	25 (5.8%)
	 76 (4.7%)
	

	Comorbidity
	
	
	
	
	

	   Chronic kidney  

   failure
	175 (6.7%)
	67 (8.6%)
	32 (7.2%)
	165 (10.1%)
	0.001

	   Congestive 

   heart failure
	

129 (4.9%)
	46 (5.9%)
	29 (6.5%)
	138 (8.5%)
	<0.001

	   COPD
	180 (6.9%)
	58 (7.4%)
	24 (5.4%)
	143 (8.8%)
	0.044

	   Coronary 

   artery disease
	344 (13.1%)
	120 (15.4%)
	66 (14.8%)
	288 (17.6%)
	0.001

	   Crohn’s 

   disease
	13 (0.5%)
	9 (1.2%)
	4 (0.9%)
	10 (0.6%)
	0.218

	   Depression
	380 (14.5%)
	165 (21.2%)
	71 (16.0%)
	379 (23.2%)
	<0.001

	   Diabetes
	625 (23.9%)
	169 (21.7%)
	95 (21.4%)
	479 (29.3%)
	<0.001

	   GERD
	668 (25.5%)
	189 (24.2%)
	129 (29.0%)
	565 (34.6%)
	<0.001

	   History of stroke
	33 (1.3%)
	21 (2.7%)
	16 (3.6%)
	44 (2.7%)
	<0.001

	   Hypertension
	1,342 (51.2%)
	399 (51.2%)
	238 (53.5%)
	964 (59.0%)
	<0.001

	   Liver disease 

   (mild)
	105 (4.0%)
	53 (6.8%)
	27 (6.1%)
	186 (11.4%)
	<0.001

	   Liver disease 

   (severe)
	6 (0.2%)
	2 (0.3%)
	1 (0.2%)
	6 (0.4%)
	0.858

	   Obesity
	734 (28.0%)
	254 (32.6%)
	167 (37.5%)
	671 (41.1%)
	<0.001

	   Ulcerative 

   colitis
	13 (0.5%)
	7 (0.9%)
	5 (1.1%)
	24 (1.5%)
	0.011

	COVID-19 Severity
	
	
	
	
	0.341

	    Mild/Moderate
	2,587 (98.7%)
	767 (98.3%)
	442 (99.3%)
	1,615 (98.9%)
	

	    Severe
	8 (0.3%)
	3 (0.4%)
	1 (0.2%)
	9 (0.6%)
	

	    Critical
	26 (1.0%)
	10 (1.3%)
	2 (0.5%)
	9 (0.6%)
	

	Type of Surgery


	
	
	
	
	      <0.001

	   Abdominal 

   aortic 

   aneurysm 

   repair (EVAR)


	12 (0.5%)
	9 (1.2%)
	4 (0.9%)
	4 (0.2%)
	

	   Abdominal 

   aortic 

   aneurysm 

   repair (open)
	6 (0.2%)
	1 (0.1%)
	1 (0.2%)
	1 (0.1%)
	

	
	
	 
	
	
	

	   CABG
	105 (4.0%)
	41 (5.3%)
	17 (3.8%)
	57 (3.5%)
	

	   Carotid     

   endarterectomy
	30 (1.1%)
	17 (2.2%)
	7 (1.6%)
	19 (1.2%)
	

	
	
	
	 
	
	

	   Colon surgery
	136 (5.2%)
	37 (4.7%)
	15 (3.4%)
	75 (4.6%)
	

	   Esophagectomy
	     5 (0.2%)
	1 (0.1%)
	0 (0%)
	3 (0.2%)
	

	   Gastrectomy
	8 (0.3%)
	1 (0.1%)
	1 (0.2%)
	3 (0.2%)
	

	   Hepatectomy
	9 (0.3%)
	1 (0.1%)
	1 (0.2%)
	8 (0.5%)
	

	   Hip 

   arthroplasty
	230 (8.8%)
	90 (11.5%)
	49 (11.0%)
	168 (10.3%)
	

	   Hysterectomy
	701 (26.8%)
	144 (18.5%)
	132 (29.7%)
	443 (27.1%)
	

	   Knee 

   arthroplasty
	596 (22.7%)
	153 (19.6%)
	86 (19.3%)
	388 (23.8%)
	

	   Laminectomy
	235 (9.0%)
	95 (12.2%)
	36 (8.1%)
	141 (8.6%)
	

	   Lung resection
	36 (1.4%)
	13 (1.7%)
	3 (0.7%)
	11 (0.7%)
	

	   Mastectomy
	159 (6.1%)
	66 (8.5%)
	28 (6.3%)
	88 (5.4%)
	

	   Neurosurgical 

   resection of    

   tumor
	27 (1.0%)
	13 (1.7%)
	9 (2.0%)
	12 (0.7%)
	

	
	
	
	
	
	

	   Pancreatic 

   surgery 

   (major)
	4 (0.2%)
	7 (0.9%)
	3 (0.7%)
	10 (0.6%)
	

	
	
	
	
	
	

	   Prostatectomy
	63 (2.4%)
	19 (2.4%)
	15 (3.4%)
	35 (2.1%)
	

	   Spinal  

   arthrodesis
	259 (9.9%)
	72 (9.2%)
	38 (8.5%)
	167 (10.2%)
	

	
	
	
	
	
	

	Received Covid-19 vaccine 90 days after surgery
	77 (2.9%)
	18 (2.3%)
	9 (2.0%)
	13 (0.8%)
	<0.001


	Table S2. The Impact of Timing of Surgery on Risk of Postoperative Complications (by Type of Complication): Results from Multivariable Logistic Regression Analysis

	
	Pneumonia
	Respiratory Failure
	Pulmonary Embolism
	Sepsis
	DVT
	Arrhythmia
	Renal Failure
	Urinary Tract Infection
	Any Postoperative Complication

	
	Odds Ratio

(95% CI)
	Odds Ratio

(95% CI)
	Odds Ratio

(95% CI)
	Odds Ratio

(95% CI)
	Odds Ratio

(95% CI)
	Odds Ratio

(95% CI)
	Odds Ratio

(95% CI)
	Odds Ratio

(95% CI)
	Odds Ratio

(95% CI)

	Surgery Timing
	
	
	
	
	
	
	
	
	

	 Pre-Covid-19

 Surgery before 1/1/2020 
	ref
	ref
	ref
	ref
	ref
	ref
	ref
	ref
	ref

	 Peri-Covid-19

 Surgery 0-4 weeks after   

 Covid-19
	6.46

(4.06, 10.27)
	3.36
(2.22, 5.10)
	2.73

(1.35, 5.53)
	3.67

(2.18, 6.16)
	1.44

(0.78, 2.66)
	0.79

(0.42, 1.50)
	1.77
(1.11, 2.81)
	1.15

(0.70, 1.89)
	1.72

(1.33, 2.21)

	 Early Post-Covid-19 

 Surgery 

 4-8 weeks after Covid-19 
	2.44

(1.20, 4.96)
	1.23
(0.62, 2.47)
	1.05

(0.31, 3.60)
	1.87

(0.87, 4.01)
	1.04

(0.43, 2.51)
	1.88

(0.99, 3.60)
	0.93

(0.45, 1.91)
	0.92

(0.48, 1.78)
	1.15

(0.81, 1.64)

	 Late Post-Covid-19

 Surgery > 8 weeks 

  after Covid-19
	1.15

(0.66, 2.01)
	1.09
(0.71, 1.67)
	1.49

(0.76, 2.95)
	1.01

(0.56, 1.81)
	1.24

(0.75, 2.06)
	1.39

(0.88, 2.18)
	1.12
(0.75, 1.67)
	0.99

(0.67, 1.46)
	0.92

(0.74, 1.16)


	Table S3. Procedures and Corresponding CPT Codes

	Procedure Name
	CPT Codes

	Abdominal aortic aneurysm repair (EVAR)
	34701, 34702, 34703, 34704, 34705, 34706, 34707, 34708

	Abdominal aortic aneurysm repair (open)
	34830, 34831, 34832, 35081, 35082, 35091, 35092, 35102, 35103

	CABG
	33510, 33511, 33512, 33513, 33514, 33516, 33533, 33534, 33535, 33536

	Carotid endarterectomy
	35301, 35390

	Colon surgery
	44140, 44141, 44143, 44144, 44145, 44146, 44147, 44150, 44151, 44155, 44156, 44157, 44158, 44160, 45110, 45111, 45112, 45113, 45114, 45119, 45120, 45121, 45123, 44204, 44205, 44206, 44207, 44208, 44210, 44211, 44212, 44213, 45395, 45397

	Esophagectomy
	43107, 43124, 43117, 43118, 43121, 43122, 43286, 43287, 43288

	Gastrectomy
	43620, 43621, 43622, 43631, 43632, 43633, 43634

	Hepatectomy
	47120, 47122, 47125, 47130

	Hip arthroplasty
	27130, 27132, 27134, 27137, 27138

	Hysterectomy
	58150, 58152, 58180, 58200, 58210, 58240, 58541, 58542, 58543, 58544, 58548, 58550, 58552, 58553, 58554, 58570, 58571, 58572, 58573, 58951, 58953, 58954, 58956, 59525, 58575

	Knee arthroplasty
	27440, 27441, 27442, 27443, 27445, 27446, 27447, 27486, 27487, 27438

	Laminectomy
	62351, 62380, 63001, 63003, 63005, 63011, 63012, 63015, 63016, 63017, 63020, 63030, 63035, 63040, 63042, 63045, 63046, 63047, 63048

	Lung resection
	32480, 32482, 32663, 32670, 32440, 32442, 32445, 32671, 32484, 32488, 32669

	Mastectomy
	19180, 19182, 19220, 19240, 19303, 19304, 19305, 19306, 19307

	Neurosurgical resection of tumor
	61510, 61512, 61518, 61519, 61520, 61521, 61526, 61530, 61546, 61548, 62164

	Pancreatic surgery
	48150, 48152, 48153, 48154, 48140, 48145, 48146, 48155, 48160

	Prostatectomy
	55831, 55840, 55842, 55845, 55866

	Spinal arthrodesis
	22532, 22533, 22548, 22551, 22554, 22556, 22558, 22586, 22590, 22595, 22600, 22610, 22612, 22630, 22633, 22800, 22802, 22804, 22808, 22810, 22812, 27280


	Table S4. Post-Operative Complications and Corresponding ICD-10 Codes

	Post-Operative Complications
	ICD-10 Codes

	Arrhythmia 
	I49

	Deep vein thrombosis
	I82 except for I82.5 & I82.7

	Pulmonary embolism
	I26

	Pneumonia
	J12-J18

	Respiratory failure
	J96.0, J96.2, J96.9, J80, R09.2, J95.82

	Renal Failure
	N17

	Sepsis
	A41

	Urinary Tract Infection
	N39.0, N99.89


	Table S5. Underlying Conditions and Corresponding ICD-10 Codes

	Underlying Condition
	ICD-10 Codes

	Chronic kidney disease
	N18

	Crohn's disease
	K50

	Congestive heart failure
	I50

	COPD
	J44

	Coronary artery disease
	I25

	Depression
	F32, F33

	Diabetes
	E08, E09, E10, E11, E13

	GERD
	K21

	History of stroke
	I63

	Hypertension
	I10

	Liver disease (mild)
	B18, K73, K74, K70.0, K70.1, K70.2, K70.3, K70.9, K71.3, K71.4, K71.5, K71.7, K76.0, K76.2, K76.3, K76.4, K76.8, K76.9, Z94.4

	Liver disease (severe)
	I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K72.1, K72.9, K76.5, K76.6, K76.7

	Obesity
	E66

	Ulcerative colitis
	K51


	Table S6. Covariates Included in Multivariable Logistic Regression Models to Evaluate the Impact of the Timing of Surgery on the Risk of Each Specific Postoperative Complication 

	Complications
	Covariates

	All Postoperative Complication
	Timing of Surgery, Covid-19 Severity, Race (White, Black, Hispanic, Asian, Other/Unknown), Age, Sex, Coronary Artery Disease, Diabetes, Hypertension, GERD, Congestive Heart Failure, Ulcerative Colitis, Crohn’s Disease, Mild Liver Disease, Severe Liver Disease, History of Stroke, Depression, COPD, Obesity, Renal Failure, Type of Surgery, Received Covid-19 Vaccine 90-days after surgery, ZIP Code

	Arrhythmia
	Timing of Surgery, Covid-19 Severity, Race (White vs. Other/unknown), Age, Sex, Coronary Artery Disease, Diabetes, COPD, Obesity, Renal Failure, Type of Surgery 

	Deep Vein Thrombosis
	Timing of Surgery, Covid-19 Severity, Race (White vs. Other/unknown), Age, Sex, Coronary Artery Disease, Type of Surgery (Chest Surgery, Abdominal Surgery, Other)

	Pneumonia
	Timing of Surgery, Covid-19 Severity, Race (White vs. Other/unknown), Age, Sex, Coronary Artery Disease, Diabetes, COPD, Obesity, Renal Failure, Type of Surgery 

	Pulmonary Embolism
	Timing of Surgery, Covid-19 Severity, Race (White vs. Other/unknown), Age, Sex, Coronary Artery Disease, Type of Surgery (Chest Surgery, Abdominal Surgery, Other)

	Renal Failure
	Timing of Surgery, Covid-19 Severity, Race (White, Black, Hispanic, Asian, Other/Unknown), Age, Sex, Coronary Artery Disease, Diabetes, COPD, Obesity, Renal Failure, Type of Surgery, Received Covid-19 Vaccine 90-days After Surgery

	Respiratory Failure
	Timing of Surgery, Covid-19 Severity, Race (White, Black, Hispanic, Asian, Other/Unknown), Age, Sex, Coronary Artery Disease, Diabetes, COPD, Obesity, Renal Failure, Type of Surgery, Received Covid-19 Vaccine 90-days After Surgery

	Sepsis
	Timing of Surgery, Covid-19 Severity, Race (White, Black, Hispanic, Asian, Others/Unknown), Age, Sex, Coronary Artery Disease, Diabetes, COPD, Obesity, Renal Failure, Type of Surgery (Chest Surgery, Abdominal Surgery, Other), Received Covid-19 Vaccine 90-days after surgery

	Urinary Tract Infection
	Timing of Surgery, Covid-19 Severity, Race (White vs. Other/unknown), Age, Sex, Coronary Artery Disease, Diabetes, COPD, Obesity, Renal Failure, Type of Surgery


	Table S7. Covariates Included in Multivariable Logistic Regression Models to Evaluate the Impact of the Timing of Surgery on the Risk of Each Specific Postoperative Complication: Subgroup Analysis

	Complications
	Covariates

	All Postoperative Complication
	Timing of Surgery, Covid-19 Severity, Race (White, Black, Hispanic, Asian, Others/Unknown), Age, Sex, Coronary Artery Disease, Diabetes, Hypertension, GERD, Congestive Heart Failure, Ulcerative Colitis, Crohn’s Disease, Mild Liver Disease, Severe Liver Disease, History of Stroke, Depression, COPD, Obesity, Renal Failure, Type of Surgery, Received Covid-19 Vaccine 90-days after surgery

	Arrhythmia
	Timing of Surgery, Covid-19 Severity, Age, Race (White vs. Other/unknown), Sex, Coronary artery disease, Type of Surgery (Chest Surgery, Abdominal Surgery, Other) 

	Deep Vein Thrombosis
	Timing of Surgery, Covid-19 Severity

	Pneumonia
	Timing of Surgery, Covid-19 Severity, Age, Race (White vs. Other/unknown), Sex, Coronary Artery Disease, Type of Surgery (Chest Surgery, Abdominal Surgery, Other) 

	Pulmonary Embolism
	Timing of Surgery

	Renal Failure
	Timing of Surgery, Covid-19 Severity, Age, Race (White, Black, Hispanic, Asian, Others/Unknown), Sex, Coronary Artery Disease, Diabetes, COPD, Obesity, Kidney Failure, Type of Surgery (Chest Surgery, Abdominal Surgery, Other), Received Covid-19 Vaccine 90-days After Surgery

	Respiratory Failure
	Timing of Surgery, Covid-19 Severity, Age, Race (White, Black, Hispanic, Asian, Others/Unknown), Sex, Coronary Artery Disease, Diabetes, COPD, Obesity, Renal Failure, Type of Surgery (Chest Surgery, Abdominal Surgery, Other), Received Covid-19 Vaccine 90-days After Surgery

	Sepsis
	Timing of Surgery, Covid-19 Severity, Age, Race (White vs. Other/unknown), Sex, Coronary Artery Disease, Type of Surgery (Chest Surgery, Abdominal Surgery, Other)

	Urinary Tract Infection
	Timing of Surgery, Covid-19 Severity


	Table S8. Postoperative Outcomes – Subgroup Analysis of Patients Undergoing Operations Considered to be More Urgent

	Outcomes
	Pre-Covid-19

Surgery before January 1, 2020 (n=378)
	Peri-Covid-19

Surgery 0-4 weeks after Covid-19 (n=141)
	Early Post-Covid-19

Surgery 4-8 weeks after Covid-19 (n=61)
	Late Post-Covid-19

Surgery at least 8 weeks after Covid-19 (n=203)
	p-value

	Postoperative pneumonia
	14 (3.7%)
	24 (17.0%)
	8 (13.1%)
	11 (5.4%)
	<0.001

	Postoperative respiratory failure
	37 (9.8%)
	36 (25.5%)
	9 (14.8%)
	28 (13.8%)
	<0.001

	Postoperative pulmonary embolism
	4 (1.1%)
	4 (2.8%)
	0 (0%)
	1 (0.5%)
	0.17

	Postoperative sepsis
	18 (4.8%)
	17 (12.1%)
	5 (8.2%)
	11 (5.4%)
	0.021

	Postoperative arrhythmia
	28 (7.4%)
	9 (6.4%)
	5 (8.2%)
	13 (6.4%)
	0.94

	Postoperative renal failure
	40 (10.6%)
	21 (14.9%)
	9 (14.8%)
	28 (13.8%)
	0.46

	Postoperative urinary tract infection
	12 (3.2%)
	8 (5.7%)
	3 (4.9%)
	5 (2.5%)
	0.39

	Postoperative deep vein thrombosis
	9 (2.4%)
	4 (2.8%)
	2 (3.3%)
	10 (4.9%)
	0.42

	Any postoperative complication 
	106 (28.0%)
	55 (39.0%)
	25 (41.0%)
	59 (29.1%)
	0.031


	Table S9. The Impact of Timing of Surgery on Risk of Postoperative Complications (by Type of Complication): Results from Multivariable Logistic Regression Analysis—Subgroup Analysis of Patients Undergoing Operations Considered to be More Urgent

	
	Pneumonia
	Respiratory

Failure
	Pulmonary 

Embolism
	Sepsis
	DVT
	Arrhythmia
	Renal Failure
	Urinary Tract

Infection
	Any Postoperative Complication

	 Pre-Covid-19 Surgery before 1/1/2020 
	ref
	ref
	ref
	ref
	ref
	ref
	ref
	ref
	ref

	 Peri-Covid-19

Surgery 0-4 weeks after Covid-19
	5.87

(2.86, 12.05)
	3.32

(1.88, 5.85)
	2.73

(0.67, 11.1)
	3.15

(1.50, 6.62)
	1.14

(0.34, 3.83)
	0.80

(0.36, 1.80)
	1.63

(0.87, 3.06)
	1.68

(0.66, 4.29)
	1.66

(1.04, 2.66)

	 Early Post-Covid-19 

 Surgery 

4-8 weeks after Covid-19 
	4.94

(1.91, 12.76)
	2.02

(0.87, 4.72)
	---
	2.22

(0.75, 6.56)
	1.39

(0.29, 6.60)
	1.30

(0.46, 3.61)
	1.81

(0.79, 4.18)
	1.58

(0.43, 5.76)
	2.09
(1.09, 3.98)

	 Late Post-Covid-19

Surgery > 8 weeks after Covid-19
	1.73

(0.75, 3.95)
	1.20

(0.68, 2.12)
	0.46

(0.05, 4.17)
	1.11

(0.50, 2.47)
	2.22

(0.88, 5.59)
	0.91

(0.45, 1.86)
	0.96

(0.54, 1.71)
	0.72

(0.25, 2.11)
	0.79
(0.51, 1.22)


