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Abstract
BACKGROUND 
Hypotension is a frequent complication in the intensive care unit (ICU) after adult cardiac surgery.

AIM
To describe frequency of hypotension in the ICU following adult cardiac surgery and its relation to the hospital outcomes.

METHODS
A retrospective study of post-cardiac adult surgical patients at a tertiary academic medical center in a two-year period. We abstracted baseline demographics, comorbidities, and all pertinent clinical variables. The primary predictor variable was the development of hypotension within the first 30 min upon arrival to the ICU from the operating room (OR). The primary outcome was hospital mortality, and other outcomes included duration of mechanical ventilation (MV) in hours, and ICU and hospital length of stay in days.

RESULTS
[bookmark: _Hlk40198127]Of 417 patients, more than half (54%) experienced hypotension within 30 min upon arrival to the ICU. Presence of OR hypotension immediately prior to ICU transfer was significantly associated with ICU hypotension (odds ratio = 1.9; 95% confidence interval: 1.21-2.98; P < 0.006). ICU hypotensive patients had longer MV, 5 (interquartile ranges 3, 15) vs 4 h (interquartile ranges 3, 6), P = 0.012. The patients who received vasopressor boluses (n = 212) were more likely to experience ICU drop-off hypotension (odds ratio = 1.45, 95% confidence interval: 0.98-2.13; P = 0.062), and they experienced longer MV, ICU and hospital length of stay (P < 0.001, for all). 

CONCLUSION
Hypotension upon anesthesia-to-ICU drop-off is more frequent than previously reported and may be associated with adverse clinical outcomes. 
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Core tip: Hypotension is a frequent complication in adult cardiac surgery patients upon intensive care unit admission. This complication has been anecdotally called “anesthesia drop-off syndrome” and we decided to study this retrospectively. Our results suggest that this complication is more frequent than previously reported and that it may be associated with adverse outcomes. 



INTRODUCTION 
Perioperative hypotension is one of the most common complications after cardiac surgery and this may adversely affect clinical outcomes[1-5]. It is frequently encountered upon intensive care unit (ICU) admission, where patients become hypotensive in the immediate post-operative period, shortly after the arrival from the operating room (OR). This has been anecdotally termed “anesthesia drop-off syndrome”. However, data is limited in the literature regarding the actual prevalence of hypotension that develops shortly after the transfer of patients to the ICU after cardiac surgery. One study evaluated the occurrence of hemodynamic instability in the first 2 h post cardiac surgery and the most common complication was found to be hypotension, occurring in 34% of the patients after admission to the ICU[6]. Hypotensive patients usually require administration of vasopressor boluses prior to or during the transfer from the OR to the ICU as a temporizing measure. The hypotension and necessity for use of vasopressors have been previously associated with increased hospital length of stay (LOS) as well as mortality, relative to the patients who maintained hemodynamic stability[7-9]. 
Given the proposed discrepancy between the clinical occurrence and limited data on rate of hypotension starting shortly after the anesthesia to ICU transfer, we aimed to evaluate its prevalence and also how this may relate to the pertinent clinical outcomes. We hypothesized that the occurrence of initial hypotension in the ICU is more frequent complication among post-cardiac surgery ICU patients than previously reported and that patients who experience this complication will have more adverse clinical outcomes. We also aimed to better assess the association between the occurrence of initial hypotension in the ICU and the use of vasopressor bolus administered immediately prior to or during the transfer from the OR to the ICU.

MATERIALS AND METHODS
We conducted a retrospective study of adult patients undergoing cardiac surgery at a tertiary academic medical center in the United States in the 2-year period (January 1, 2015 to December 31, 2016). We excluded patients who underwent cardiac transplantation or a combination of other solid organ transplantation and the cardiac surgery. The study protocol was approved by the Mayo Clinic Institutional Review Board as a minimal risk study, therefore the need for informed consent had been waived. 
The primary independent variable was the development of hypotension within the first 30 min upon transfer from the OR (“ICU hypotension”). As there is no single, generally accepted, definition of hypotension[10] we used one of the common definitions used in biomedical research: A systolic blood pressure < 90 mmHg or mean arterial pressure < 65 mmHg per arterial catheter tracing. We abstracted demographic and baseline characteristics, comorbidities, including coronary artery disease (CAD), atrial fibrillation, diabetes mellitus (DM), pulmonary hypertension, liver disease, kidney disease, infective endocarditis, immunosuppression; and all pertinent clinical variables including: Vitals, laboratories, type and urgency of surgery, bypass and cross-clamp time (CCT), medications and blood products delivered during the surgery and immediately prior to transfer to ICU, as well as presence of hypotension in the OR (“OR hypotension”). A vasopressor bolus use was abstracted from the electronic chart documentation by the provider. Although the exact doses of vasopressors given were not abstracted, our anesthesiologists mostly use norepinephrine (100 µg) and/or vasopressin (1 unit), and much less frequently epinephrine (10 µg). The primary outcome was hospital mortality and secondary outcomes were duration of mechanical ventilation (MV) in hours, and ICU and LOS in days. All data were manually extracted from an electronic medical record. The anesthesia notes during the surgery were extracted partially from plotted diagrams and partially from nominal data.

Statistical analysis
The continuous variables were reported as median values with interquartile ranges (IQR) and the categorical variables were reported as counts and proportions. We used nonparametric statistical tests; Fisher’s exact and Wilcoxon Rank-Sum tests, as applicable. The predictor variables in univariate analyses with a P value of less than 0.1 were included in the subsequent multivariate analyses. We used nominal logistic and linear regressions, as appropriate. Statistical significance was considered at P value of < 0.05. As we performed analysis mainly for the exploratory purpose, no corrections for multiple comparisons were done. We used JMP 10 Pro statistical software for analysis from SAS (Cary, NC, United States).

RESULTS
Out of 1273 cardiothoracic surgeries performed within the study period, 437 patients underwent non-transplant cardiac surgery and were eligible for our study. Twenty patients were excluded subsequently as they lacked detailed blood pressure recordings, leaving 417 patients for the study analyses (Figure 1). The majority of patients were white (85%), males (73%), of median age 67 years (IQR 59, 73), and with median body mass index (BMI) of 28 (IQR 25, 32). The two most commonly performed surgeries were coronary artery bypass grafting (46%) and valvular surgery (29%). The detailed baseline characteristics are listed in Table 1. The median bypass time (BT) was 116 min (IQR 90, 150) and the median CCT was 80 min (IQR 55, 105). While 76% of all surgeries were elective (pre-scheduled), 24% were either emergent (within 24 h of admission) or urgent (24-72 h after hospital admission). The overall postoperative mortality was 3%. The median MV duration was 4 h (IQR 3, 9), and the median ICU and hospital LOS were 2 (IQR 1, 3) and 7 days (IQR 5, 10), respectively. 

ICU hypotension
Total of 227 patients (54%) were found to be hypotensive within 30 min upon transfer to the ICU. Nearly three quarters of the whole cohort did not have OR hypotension immediately prior to transfer to the ICU (Figure 2). Presence of OR hypotension immediately prior to ICU transfer was expectedly associated with ICU hypotension [OR = 1.9; 95% confidence interval (CI): 1.21-2.98; P < 0.006]. About two-thirds of patients with preceding OR hypotension continued with ICU hypotension and half of those without preceding OR hypotension developed ICU hypotension upon ICU transfer. Higher BMI, history of DM and CAD were associated with significantly higher unadjusted risk of developing ICU hypotension (Table 2). ICU hypotension was associated with the longer duration of MV in hours: 5 (IQR 3, 15) vs 4 (IQR 3, 6), P = 0.012. Although statistically significant, the clinical significance appeared to be limited only to the patients in the upper quartile (Table 3). Based on the chart documentation, 212 patients received vasopressor boluses around (immediately prior or during) the transfer to the ICU (Figure 3). The patients who received vasopressor bolus on transfer were somewhat more likely to experience ICU drop-off hypotension (OR = 1.45, 95%CI: 0.98-2.13; P = 0.062), although this did not quite reach statistical significance. Of the 212 patients who received bolus, 125 (55%) experienced immediate ICU hypotension. Of these 125 patients with ICU hypotension, 78 did not have preceding OR hypotension and 47 did and continued with ICU hypotension from the OR (OR = 1.78; 95%CI: 0.97-3.26; P = 0.074). Of 12 patients who died, 9 received the bolus during the transfer and 3 did not (OR = 2.99; 95%CI: 0.8-11.2; P = 0.14). Receipt of vasopressor bolus during the transfer was significantly associated with longer MV duration, ICU and hospital LOS (P < 0.001, for all). All variables with α ≤ 0.1 in univariate analysis were included in multivariate analysis. When adjusted in the multivariate analysis, CAD, DM and longer BT were significantly associated with the development of ICU hypotension (Table 4). 

Mortality and secondary outcomes
Overall hospital mortality was not significantly associated with ICU hypotension (OR = 4.33; 95%CI: 0.94-20.02; P = 0.073); likely given relatively low overall mortality of 3% (Table 5). The female sex was significantly associated with longer ICU and hospital LOS, while longer BT and higher American Society of Anesthesiologists (ASA) physical status score were significantly associated with longer MV, ICU and hospital LOS. When adjusted for multiple covariates, no single variable was significantly associated with the mortality. In order to avoid overfitting of the model, variables such as CCT (collinear with BT) and pulmonary hypertension (low frequency), were excluded. 

DISCUSSION
In this retrospective study from a single academic center, we have demonstrated that hypotension in the initial 30 min upon ICU admission after cardiac surgery occurs more frequently than previously reported and this may be associated with adverse clinical outcomes. More than half of the patients received vasopressor boluses during the OR to ICU transfer, which has also been associated with adverse outcomes.
The results of our study have important implications for anesthesia and ICU practitioners. The frequency of hypotension in the first 30 min upon ICU arrival in our study was substantially higher (54%), relative to a European study which examined the hemodynamic status of cardiac surgical patients in the initial two-hour post-operative period (34%)[6]. It is likely that the frequency of hypotension could have been even higher in our study had we prolonged the observation period to two-hour period similar to the aforementioned study. Given that the patients with ICU hypotension may experience worse clinical outcomes, it is necessary to address potentially modifiable factors. In our cohort, significant unadjusted predictors for hypotension upon arrival to the ICU were elevated BMI, history of DM and CAD, all well-established risk factors for cardiovascular morbidity. After adjustments in the multivariate regression analysis, DM and longer cardiopulmonary bypass remained significantly associated with the development of ICU hypotension. Presence of DM has been previously associated with the higher cardiovascular morbidity, higher rates of pneumonia and sepsis, which may contribute to increased mortality, relative to non-diabetic patients[11-15]. It is important that both preoperative as well perioperative blood sugar control are maximized in order to reduce the hyperglycemia-related adverse outcomes[16-18]. Despite the fact that the significance of longer BT has been well documented to negatively affect post-operative rate of complications and mortality[19], our analysis (Table 5) does not show any significant difference between longer BT and mortality. It is plausible to expect that the future improvements in operative techniques and avoidance of cardiopulmonary bypass altogether would likely further reduce postoperative complications thus improving morbidity and mortality. During the time period of data collection, off-pump surgery was very infrequently done at our institution and this would not affect the results. 
Previously, female sex was reported to be significantly associated with adverse postoperative outcomes[20]. Females with the acute coronary syndrome resulting in cardiogenic shock, those with acute aortic dissection, ruptured abdominal aortic aneurysms, or those undergoing non-cardiac surgery, have been shown to have higher mortality rates compared to men[21-25]. Also, females with cerebral complications after cardiac surgery have shown to have a higher mortality than males[24,26]. In our study, females experienced significantly longer unadjusted ICU and hospital lengths of stay. Although the female sex was previously associated with the use of higher tidal volumes (relative to the height measurement) and more ventilator induced lung injury[27], there was no observed difference in duration of MV relative to the males in our cohort. There is a strong impetus for extubation of patients within 6 h of the cardiac surgery[28]. When adjusted for pertinent clinical variables and compared to men, females in our cohort were not more likely to die during the hospital stay.  
The ASA physical status score subjectively assesses the patients’ overall health prior to surgery. It has been shown that ASA score is associated with longer ICU and LOS, longer MV, and increased mortality[2,29,30]. In our study, ICU and LOS, as well as MV duration were significantly associated with ASA score, and there was a trend for higher hospital mortality with the rising ASA score, accordingly. 
Based on the chart documentation, more than half of patients received boluses of short-acting vasopressors during the transfer from the OR to the ICU. The anesthesiology transport teams routinely carry syringes of resuscitative medications for any unanticipated needs that may occur during the transfer. It is possible that even more patients had received the bolus dosing without the subsequent chart documentation, although this is speculative. Why this may be important? Frequently, ICU receiving team may not be aware of use of vasopressor boluses during the transfer and the development of hypotension soon after the anesthesia drop-off is not anticipated, which leads to delayed and reactive treatment strategy that may be suboptimal. This is anecdotally termed “anesthesia drop-off syndrome” in the ICU, where soon after the transfer from the OR, the patients tend to develop hypotension that was not present at the arrival of the patient into the ICU and during the actual transfer of care from anesthesia to ICU team. As it has been previously suggested that hypotension is associated with adverse outcomes[11,13,31], it is important that any use of vasopressor bolus on transfer is readily communicated to the receiving ICU team, to enable anticipatory rather than reactive management of hypotension. For the same reasons, it may be more appropriate to up titrate the dose of ongoing vasopressor drip rather than to push additional IV bolus, as such bolus dosing may not be obvious to the receiving team. This is currently subject of qualitative improvement and patient safety initiatives spanning both anesthesiology and ICU providers at our institution, as the current process of care needs to be improved. 
We have abstracted a vast amount of clinical information on all patients, including vital signs, complete blood counts, pertinent hemodynamic variables such as preoperative and intraoperative echocardiography (systolic and diastolic function, valvular function), transfusion of blood products and cell saver, administration of crystalloid and colloid solutions, CCT, estimated blood loss and development of other OR complications, among others. It is interesting that none of these variables were significant adjusted risk predictors by itself for developing hypotension upon ICU arrival. This implies that the perioperative management of cardiac surgery patients is complex and of a very dynamic nature where the multitude of factors play pertinent roles. 
The main study limitation lies in its retrospective design. We relied on abstraction of data from the electronic medical records and at best our data is as good as the chart documentation itself. Relative to this, there might have been time delays between the exact occurrence of the event and the time it was documented in the chart. While this delay may have not been substantial during the intraoperative period, the retrospective charting of the medications administered during the actual patient transfer to the ICU may have been affected, including possibility for the lack of documentation, altogether. This may possibly in part explain why the substantial number of patients, who were not recorded to be hypotensive in the OR immediately prior to the transfer to the ICU, were documented to have received boluses of short-acting vasopressor medications during the transfer. 
The study was done at the single academic medical center and since we excluded the patients who underwent transplantation surgery, these factors limit the generalizability of our findings to the certain extent. There was a relatively low mortality and therefore small number of patients who died predisposed multivariate model to overfitting and may not be completely reliable. At our institution, there are no established or preferred teams of certain surgeons and anesthesiologist. All surgeons work with all anesthesiologists depending only on the scheduling. Therefore, it is unlikely that individual surgeons or anesthesiologists could affect the results.
Nevertheless, despite the above limitations, the high proportion of patients who were hypotensive immediately upon transfer from the OR to the ICU dictates the need for novel strategies and protocol implementations to assure the safest transition of care between the anesthesiology and ICU teams, which in turn may improve overall patient outcomes.
In summary, we have demonstrated that the occurrence of hypotension in the initial 30 min upon OR to ICU transfer is frequent and substantially more so than previously reported. Our findings have important implications for the anesthesia and ICU care teams as the occurrence of hypotension have been associated with adverse clinical outcomes. Administration of any medications during the actual transfer of the patient from the OR to the ICU should be readily communicated to the receiving ICU team. It is suggested that there is a room for improvement in the OR to ICU hand off process and renewed strategies that assure smooth transition of care and patient’s safety are needed. 

ARTICLE HIGHLIGHTS
Research background
Perioperative hypotension is one of the most common complications after cardiac surgery and this may adversely affect clinical outcomes. However, data is limited in the literature regarding the actual prevalence of hypotension that develops shortly after the transfer of patients to the intensive care unit (ICU) after cardiac surgery. Hypotensive patients usually require administration of vasopressor boluses prior to or during the transfer from the operating room (OR) to the ICU as a temporizing measure. The hypotension and necessity for use of vasopressors have been previously associated with increased hospital length of stay as well as mortality, relative to the patients who maintained hemodynamic stability. 

Research motivation
Given the proposed discrepancy between the clinical occurrence and limited data on rate of hypotension starting shortly after the anesthesia to ICU transfer, we aimed to evaluate its prevalence and also how this may relate to the pertinent clinical outcomes. 

Research objectives
We hypothesized that the occurrence of initial hypotension in the ICU is more frequent complication among post-cardiac surgery ICU patients than previously reported and that patients who experience this complication would have adverse clinical outcomes. We also aimed to better assess the association between the occurrence of initial hypotension in the ICU and the use of vasopressor bolus administered immediately prior to or during the transfer from the OR to the ICU.

Research methods
We conducted a retrospective study of adult patients undergoing cardiac surgery in a 2-year period. The primary independent variable was the development of hypotension within the first 30 min upon transfer from the OR (“ICU hypotension”). We abstracted demographic and baseline characteristics, comorbidities, and all pertinent clinical variables, as well as presence of hypotension in the OR (“OR hypotension”). A vasopressor bolus use was abstracted from the electronic chart documentation by the provider. All data were manually extracted from an electronic medical record. The anesthesia notes during the surgery were extracted partially from plotted diagrams and partially from nominal data.

Research results
We have demonstrated that hypotension in the initial 30 min upon ICU admission after adult cardiac surgery occurs more frequently than previously reported and this may be associated with adverse clinical outcomes. The results of our study have important implications for anesthesia and ICU practitioners. Given that the patients with ICU hypotension may experience worse clinical outcomes, it is necessary to address potentially modifiable factors. More than half of patients received boluses of short-acting vasopressors during the transfer from the OR to the ICU. Why this may be important? Frequently, ICU receiving team may not be aware of use of vasopressor boluses during the transfer and the development of hypotension soon after the anesthesia drop-off is not anticipated, which leads to delayed and reactive treatment strategy that may be suboptimal. This is currently subject of qualitative improvement and patient safety initiatives spanning both anesthesiology and ICU providers at our institution, as the current process of care needs to be improved. The main study limitation lies in its retrospective design. We relied on abstraction of data from the electronic medical records. The study was done at the single academic medical center and since we excluded the patients who underwent transplantation surgery, these factors limit the generalizability of our findings to the certain extent. Nevertheless, despite the above limitations, the high proportion of patients who were hypotensive immediately upon transfer from the OR to the ICU dictates the need for novel strategies and protocol implementations to assure the safest transition of care between the anesthesiology and ICU teams, which in turn may improve overall patient outcomes.

Research conclusions
We have demonstrated that the occurrence of hypotension in the initial 30 min upon OR to ICU transfer is frequent and substantially more so than previously reported. Our findings have important implications for the anesthesia and ICU care teams as the occurrence of hypotension have been associated with adverse clinical outcomes. Administration of any medications during the actual transfer of the patient from the OR to the ICU should be readily communicated to the receiving ICU team. 

Research perspectives
It is suggested that there is a room for improvement in the OR to ICU hand off process and renewed strategies that assure smooth transition of care and patient’s safety are needed.
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Figure Legends
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Figure 1 Schematic representation of the study population. ICU: Intensive care unit.
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Figure 2 Intensive care unit and operating room hypotension frequency. ICU: Intensive care unit; OR: Operating room.



[image: ] 
Figure 3 Number of patients receiving the vasopressor bolus on transfer. ICU: Intensive care unit; OR: Operating room.



Table 1 Basic demographics of the study population, n (%)
	Basic demographics
	Overall
	ICU hypotension

	Total
	417
	227

	Sex
	
	

	Male
	305 (73)
	172 (76)

	Female
	112 (27)
	55 (24)

	Median age (IQR)
	67 (59, 73)
	67 (58, 74)

	Race
	
	

	Not disclosed
	9 (2)
	5 (2)

	White
	356 (85)
	197 (87)

	Other
	52 (13)
	25 (11)

	Median BMI (IQR)
	28 (25, 32)
	29 (26, 33)

	Mortality
	
	

	Alive
	405 (97)
	217 (96)

	Dead
	12 (3)
	10 (4)

	Type of surgery
	
	

	Aortic graft
	21 (5)
	11 (5)

	CABG
	193 (46)
	113 (50)

	Ventriculomyotomy
	26 (6)
	9 (4)

	Valve 
	122 (29)
	63 (28)

	Aortic graft + CABG
	3 (0.7)
	1 (0.4)

	Valve + CABG
	30 (7)
	23 (10)

	ASD repair
	7 (2)
	4 (2)

	Aortic graft + valve
	12 (3)
	2 (1)

	ASD repair + valve
	3 (0.7)
	1 (0.4)

	Need or surgery
	
	

	Elective
	318 (76)
	175 (77)

	Urgent/emergent
	99 (24)
	52 (23)

	Comorbidities
	
	

	CAD
	278 (67)
	164 (72)

	Afib
	81 (19)
	42 (19)

	AICD/PM
	21 (5)
	11 (5)

	DM
	137 (33)
	89 (39)

	PHTN
	21 (5)
	13 (6)

	LD
	27 (7)
	18 (8)

	KI
	88 (21)
	53 (23)

	Active IE
	6 (1)
	2 (1)

	IS
	16 (4)
	10 (4)


ICU: Intensive care unit; IQR: Interquartile range; BMI: Body mass index; CABG: Coronary artery bypass graft; ASD: Atrial septum defect; CAD: Coronary artery disease; Afib: Atrial fibrillation; AICD/PM: Automatic implantable cardioverter defibrillator/pacemaker; DM: Diabetes mellitus; PHTN: Pulmonary hypertension; LD: Liver disease; KI: Kidney injury; IE: Infective endocarditis; IS: Immunosuppressed.


Table 2 Association of baseline characteristics with intensive care unit hypotension and mortality
	Baseline characteristic
	ICU hypotension, n = 227
	No ICU hypotension, n = 190
	P value
	Alive, n = 405
	Dead, n = 12
	P value

	Age, median (IQR)
	67 (58, 74)
	68 (59, 73)
	0.73
	67 (59, 73)
	64 (59, 67)
	0.42

	Male sex, n (%)
	172 (76)
	133 (70)
	0.22
	299 (74)
	6 (50)
	0.0935

	BMI,  median (IQR)
	29 (26, 33)
	27 (25, 31)
	0.01
	28 (25, 32)
	32 (27, 38)
	0.039

	CAD, n (%)
	164 (72.2)
	114 (60.0)
	0.009
	272 (67)
	6 (50)
	0.23

	DM, n (%)
	89 (39.2)
	48 (25.3)
	0.003
	133 (33)
	4 (33)
	1.0

	Afib, n (%)
	42 (19)
	39 (21)
	0.62
	78 (19)
	3 (25)
	0.71

	AICD/PM, n (%)
	11 (5)
	10 (5)
	1.00
	20 (5)
	1 (8)
	0.47

	PHTN, n (%)
	13 (6)
	8 (4)
	0.51
	18 (12)
	3 (25)
	0.018

	IE, n (%)
	2 (1)
	4 (2)
	0.42
	6 (1)
	0 (0)
	1.0

	LD, n (%)
	18 (8)
	9 (5)
	0.23
	27 (7)
	0 (0)
	1.0

	KD, n (%)
	53 (23)
	35 (18)
	0.23
	86 (21)
	2 (17)
	0.78

	IS, n (%)
	10 (4)
	6 (3)
	0.61
	16 (4)
	0 (0)
	1.0

	Elective surgery, n (%)
	175 (77)
	143 (75)
	0.73
	309 (76)
	9 (75)
	1.0

	ASA, n (%)
	
	
	0.42
	
	
	0.02

	2
	1 (0.5)
	1 (0.4)
	
	2 (0.5)
	0 (0)
	

	3
	94 (49)
	94 (41)
	
	186 (46)
	2 (17)
	

	4
	94 (49)
	130 (57)
	
	215 (53)
	9 (75)
	

	5
	1 (0.5)
	2 (0.9)
	
	2 (0.5)
	1 (8)
	

	EF%, median (IQR)
	60 (51, 64)
	62 (54, 66)
	0.29
	60 (53, 65)
	62 (53, 67)
	0.62

	BT,  median (IQR)
	117 (90, 150)
	114 (85, 148)
	0.10
	115 (89, 148)
	152 (108, 240)
	0.0008

	CCT, median (IQR)
	81 (60, 105)
	77 (53, 108)
	0.10
	80 (55, 105)
	111 (59, 160)
	0.018

	Transfusion, n (%)
	138 (61)
	124 (65)
	0.36
	252 (62)
	10 (83)
	0.22

	Pressors, n (%)
	178 (78)
	138 (73)
	0.21
	305 (75)
	11 (92)
	0.31

	Bolus given, n (%)
	125 (59.0)
	87 (41.0)
	0.06
	203 (50)
	9 (75)
	0.14

	Hb, median (IQR)
	13 (12,14)
	13 (12, 14)
	0.79
	13 (12, 14)
	13 (10, 14)
	0.48

	Hct, median (IQR)
	40 (35, 42)
	40 (36, 42)
	0.86
	40 (36, 42)
	40 (33, 44)
	0.73

	PLT, median (IQR)
	203 (163, 248)
	198 (159, 233)
	0.18
	201 (161, 243)
	186 (155, 236)
	0.69

	Cre, median (IQR)
	1.1 (0.9, 1.4)
	1 (0.9, 1.2)
	0.13
	1 (0.9, 1.3)
	1.1 (0.9, 1.9)
	0.80

	Ca, median (IQR)
	9.3 (8.9, 9.6)
	9.3 (8.9, 9.6)
	0.78
	9.3 (8.9, 9.6)
	9.2 (8.6, 9.4)
	0.49

	Pre-op SBP, median (IQR)
	125 (110, 139)
	126 (110, 139)
	0.69
	126 (110, 139)
	114 (98, 144)
	0.18

	Pre-op MAP, median (IQR)
	84 (73, 94)
	83 (74, 96)
	0.89
	84 (74, 95)
	80 (49, 91)
	0.066


ICU: Intensive care unit; IQR: Interquartile range; n: Number of patients; BMI: Body mass index; CAD: Coronary artery disease; DM: Diabetes mellitus; Afib: Arterial fibrillation; AICD/PM: Automatic implantable cardioverter defibrillator/pacemaker; PHTN: Pulmonary hypertension; IE: Infective endocarditis; LD: Liver disease; KD: Kidney disease; IS: Immunosuppressed; ASA: American Society of Anesthesiologists; EF: Ejection fraction; BT: Bypass time; CCT: Cross-clamp time; Hb: Hemoglobin; Hct: Hematocrit; PLT: Platelet; Cre: Creatinine; Ca: Calcium; pre-op: Pre-operation; SBP: Systolic blood pressure; MAP: Mean arterial pressure.


Table 3 Unadjusted association of intensive care unit hypotension with clinical outcomes
	Item
	ICU hypotension
	No ICU hypotension
	P value

	Hosp. LOS, median (IQR)
	7 (5, 10)
	7 (5, 9)
	0.49

	ICU LOS, median (IQR)
	2 (1, 4)
	2 (1, 3)
	0.21

	MV hours, median (IQR)
	5 (3, 15)
	4 (3, 6)
	<0.001

	Hosp. mortality, n (%)
	10 (4.4)
	2 (1.1)
	0.07


ICU: Intensive care unit; Hosp: Hospital; LOS: Length of stay; IQR: Interquartile range; MV: Mechanical ventilation.


Table 4 Multivariate analysis for intensive care unit hypotension
	Item
	ICU hypotension

	
	OR; 95%CI
	P value

	BMI
	1.02; 0.99-1.07
	0.13

	CAD
	1.69; 1.09-2.62
	0.018

	DM
	1.66; 1.06-2.61
	0.025

	BT
	1.004; 1.0002-1.008
	0.034

	Bolus
	1.2; 0.79-1.82
	0.38


Cross clamp time excluded because of linear correlation with bypass time. ICU: Intensive care unit; OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; CAD: Coronary artery disease; DM: Diabetes mellitus; BT: Bypass time.


Table 5 Multivariate analysis for mortality
	Item
	Mortality

	
	OR; 95%CI
	P value

	Sex
	0.74; 0.06-7.99
	0.80

	BMI
	0.93; 0.76-1.14
	0.51

	ICU hypotension
	0.27; 0.03-2.74
	0.27

	Lowest MAP (pre-op)
	0.96; 0.89-1.02
	0.19

	BT
	1.01; 0.43-23.8
	0.33

	ASA
	3.19; 0.79-1.82
	0.26


Cross clamp time excluded because of linear correlation with bypass time; Pulmonary hypertension (low frequency) excluded to prevent overfitting). OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; ICU: Intensive care unit; MAP: Mean artery pressure; pre-op: Pre-operative; BT: Bypass time; ASA: American Society of Anesthesiologists.
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