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A B S T R A C T   

Study objective: Determine if perioperative hypotension, a modifiable risk factor, is associated with increased 
postoperative healthcare resource utilization (HRU). 
Design: Retrospective cohort study. 
Setting: Multicenter using the Optum® electronic health record database. 
Patients: Patients discharged to the ward after non-cardiac, non-obstetric surgeries between January 1, 2008 and 
December 31, 2017 with six months of data, before and after the surgical visit. 
Interventions/Exposure: Perioperative hypotension, a binary variable (presence/absence) at an absolute MAP of 
≤65-mmHg, measured during surgery and within 48-h after, to dichotomize patients with greater versus lesser 
hypotensive exposures. 
Measurements: Short-term HRU defined by postoperative length-of-stay (LOS), discharge to a care facility, and 30- 
day readmission following surgery discharge. Mid-term HRU (within 6 months post-discharge) quantified via 
number of outpatient and emergency department (ED) visits, and readmission LOS. 
Main results: 42,800 distinct patients met study criteria and 37.5% experienced perioperative hypotension. After 
adjusting for study covariates including patient demographics and comorbidities, patients with perioperative 
hypotension had: longer LOS (4.01 vs. 3.83 days; LOS ratio, 1.05; 95% CI, 1.04–1.06), higher odds of discharge to 
a care facility (OR, 1.18; 95% CI, 1.12–1.24; observed rate 22.1% vs. 18.1%) and of 30-day readmission (OR, 
1.22; 95% CI, 1.11–1.33; observed rate 6.2% vs. 5.0%) as compared to the non-hypotensive population (all 
outcomes, p < 0.001). During 6-month follow-up, patients with perioperative hypotension showed significantly 
greater HRU regarding number of ED visits (0.34 vs. 0.31 visits; visit ratio, 1.10; 95% CI, 1.05–1.15) and 
readmission LOS (1.06 vs. 0.92 days; LOS ratio, 1.15; 95% CI, 1.07–1.24) but not outpatient visits (10.47 vs. 
10.82; visit ratio, 0.97; 95% CI, 0.95–0.99) compared to those without hypotension. There was no difference in 
HRU during the 6-month period before qualifying surgery. 
Conclusions: We report a significant association of perioperative hypotension with an increase in HRU, including 
additional LOS and readmissions, both important contributors to overall medical costs.   
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1. Introduction 

Annually, 27 million patients undergo non-cardiac surgeries in the 
US [1]. Intraoperative hypotension (IOH) and/or postoperative hypo-
tension (POH) are common occurrences in the context of non-cardiac 
surgery [2,3]. A recent study reported that 19% of patients experi-
enced IOH, defined as at least one mean arterial pressure (MAP) of ≤65- 
mmHg [4]. Hypotension commonly extends into the postoperative 
period, with studies recording rates of 22% on the ward [5] and 53% in 
the intensive care unit (ICU) [6] at a MAP threshold of ≤65-mmHg. An 
observational cohort of 1710 non-cardiac surgical patients estimated 
that 8% of patients had a MAP <60-mmHg for a cumulative time of 2 h, 
whereas 48% of patients had a MAP <75-mmHg for up to 4 h [7]. 

In non-cardiac surgery patients, IOH is associated with increased risk 
of myocardial injury [8,9], 30-day major adverse cardiac or cerebro-
vascular events [4], mortality [10–12] and acute kidney injury (AKI) 
[4,8,9]. POH has been associated with 3 times greater risk of a 30-day 
composite of myocardial infarction and death compared with intra-
operative or day-of-surgery hypotension [13]. POH at various MAP 
thresholds, alone and in combination with IOH, has been independently 
associated with worse patient outcomes [5–7,13,14]. 

Poor postoperative outcomes may require additional care over time 
including re-hospitalization. Hospital readmissions are known to have 
serious implications for hospital costs, patient quality of life [15], and 
introduce an economic burden of $50.7 billion to the US health system 
[16]. Hence, the occurrence of perioperative hypotension could poten-
tially lead to greater subsequent healthcare resource utilization (HRU) 
during and beyond surgical hospitalization. Although prevalence of 
hypotension and its association with clinical outcomes has been docu-
mented [4–14], to our knowledge, HRU pursuant to the occurrence of 
perioperative hypotension has not yet been evaluated. 

Here, we do not attempt to quantify the various HRU increments as a 

function of the severity of hypotensive exposures but rather, in the 
absence of any published information on HRU associated with any 
amount of hypotension, to examine if patients with greater hypotensive 
exposures (i.e., all those with MAP ≤65-mmHg for any period of time) 
experience different HRU from those with no or lesser hypotensive ex-
posures (all those with MAP >65-mmHg throughout). We hypothesized 
that patients with perioperative hypotension, defined as MAP ≤65- 
mmHg at any point during surgery and up to 48 h post-surgery, may 
have greater short- (duration of the hospital stay after index surgery) 
and mid-term (within 6 months post-discharge) HRU following surgery 
as compared to those without hypotension. In the current study, we 
investigate the association between perioperative hypotension and HRU 
in patients undergoing non-cardiac and non-obstetric surgery. 

2. Materials and methods 

2.1. Data source 

The Optum® electronic health record database with de-identified 
patient information including medications, clinical events, laboratory 
tests, diagnoses, and procedures from ambulatory and inpatient settings 
of over 2000 hospitals and 7000 clinics served as the dataset for this 
analysis. The study was considered exempt from further review by 
Western Institutional Review Board (Puyallup, WA) as it did not meet 
the definition of human subject research as per 45 Code of Federal 
Regulations 46.102. This manuscript was developed according to 
Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines. 

2.2. Patient population 

Patients whose IOH and POH status could be evaluated during the 

Fig. 1. Patient selection flow diagram. 
Footnote: MAP – mean arterial pressure, POH – postoperative hypotension, ICU – intensive care unit, LOS – length of stay. * With ≥10 min of MAP recordings at ≤5- 
min intervals between readings, allowing for no more than two 5- to 10-min gaps between MAP readings; no MAP reading in the 6 months prior to surgery; missing or 
invalid MAP values during OR period. ** A machine learning technique identified patients discharged to the ICU for those with an undocumented post-surgery care 
location [6]. 
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surgical visit and with sufficient (6 months) history and follow-up in-
formation in the Optum database were included in the study (Fig. 1). 
The base cohort comprised 368,222 non-cardiac and non-obstetric sur-
geries between January 1, 2008 and December 31, 2017 with intra-
operative MAP readings [4]. For the HRU analysis, we excluded 
surgeries with insufficient MAP data to determine POH status, patient 
death within 24 h of surgery, unknown discharge location post-surgery 
[5], absence of 6-months history and 6-months data after discharge, any 
prior surgery within 180 days before qualifying surgery, patient age <
18 years, or discharge directly to the ICU post-surgery. As severity of 
illness is significantly greater in an ICU population, with opportunities 
for confounding, the ICU population warrants a standalone analysis. 
Therefore, this study was limited to patients directly discharged to the 
ward post-surgery. The final cohort was limited to the first qualifying 
surgery of each patient within the available dataset. Data entries of 
patients with a long postoperative LOS (>60 days) were examined for 
recorded blood pressure (BP) readings over the last 2 weeks before 
discharge, as a check for inpatient status, and were excluded if ≤3 BP 
readings were observed. 

2.3. Exposure 

We calculated MAP using the formula: [(2 × diastolic BP) + systolic 
BP]/3 as only these BP measurements were available in Optum. Using a 
previously published method, we removed invalid MAP values [9]. This 
study assessed hypotension exposure as a binary variable (presence/ 
absence) at an absolute MAP threshold of ≤65-mmHg [9,17] intra-
operatively and/or within the 48-h post-surgery. The patient cohort was 
divided into two groups based on presence or absence of perioperative 
hypotension. Previous work [12] has demonstrated that any hypoten-
sive threshold between 75- and 45-mmHg could principally be used to 
separate patients with greater, from those with lesser hypotensive 
exposure. For this study, a threshold of MAP 65-mmHg seemed to be a 
particularly adequate and appropriate choice [9,12]. For greater gran-
ularity, we divided the patients with perioperative hypotension into 
three groups based on when hypotension occurred: IOH only, POH only, 
and both IOH and POH, and compared them to those without hypo-
tension, as a supplemental analysis. 

2.4. Outcomes 

Healthcare resource use was examined during the surgical visit and 
in the 6-month periods following and preceding the visit. Resource use 
associated with the surgical hospitalization was quantified by measuring 
postoperative LOS (in days), discharge to a care facility at the end of the 
hospital stay, and 30-day readmission rates post-discharge. Care facil-
ities included inpatient rehabilitation (IRF), skilled nursing (SNF), and 
long-term acute care (LTAC). During the 6 months post discharge follow- 
up period, all-cause HRU was calculated across three categories: counts 
for outpatient visits, emergency department (ED) visits, and hospital 
readmission LOS (in days). Ambulatory services, office visits, telephone 
consultations, and laboratory and diagnostics visits were labeled as 
outpatient visits. 

2.5. Statistical analysis 

Patient baseline characteristics were summarized via counts and 
percentages for binary or categorical variables and with means and 
standard deviations (SD) or medians and interquartile ranges (IQR) for 
continuous variables. Logistic regression was used for binary outcomes 
such as discharge to a care facility and 30-day readmission rates. 
Generalized linear regression with negative binomial distribution and 
log link was used for LOS and visit counts. The associations between 
hypotension and outcomes were assessed via: LOS ratio, associated 95% 
confidence interval (CI), and adjusted mean utilization for LOS; odds 
ratios (OR) and associated 95% CIs for binary outcomes; and visit ratios, 

associated 95% CIs, and adjusted mean utilization for ED and outpatient 
visits. As mortality may potentially skew resource utilization values, we 
also performed a sensitivity analysis in which we included non- 
survivors, adding them back to the main cohort. Tables 1 and 2 list all 
covariates included in the models: age, sex, race, region, surgery timing, 
year of surgery, receipt of anti-hypertensives [5] over specified time-
frames, patient comorbidities, and relevant medical procedures per-
formed before surgery. Comorbidities were evaluated using the Charlson 
Comorbidity Index (CCI) [18] and International Classification of Dis-
eases (ICD) 9 and 10 codes (Table A.1). To ensure any differences noted 
in the post-surgery period could be attributed to the exposure rather 
than any pre-existing differences in HRU patterns, we also examined 
HRU (LOS, ED, and outpatient visits) for both cohorts during the 6- 
month pre-surgery period. The results were modeled and adjusted for 
all the same covariates listed above except for those not applicable in 
that time period (date of surgery and antihypertensive medication in the 

Table 1 
Patient baseline characteristics for the overall cohort and segmented by hypo-
tension status.   

Overall (N =
42,800)  
n (%) 

Perioperative 
hypotension (N =
16,046) 
n (%) 

No hypotension (N 
= 26,754) 
n (%) 

Patient characteristics 
Age at surgery (years) 
<40 2697 (6.3) 950 (5.9) 1747 (6.5) 
40–49 4497 (10.5) 1391 (8.7) 3106 (11.6) 
50–59 8964 (20.9) 3045 (19.0) 5919 (22.1) 
60–69 12,557 

(29.3) 
4714 (29.4) 7843 (29.3) 

70–79 9786 (22.9) 4023 (25.1) 5763 (21.5) 
≥80 4299 (10.0) 1923 (12.0) 2376 (8.9)  

Sex 
Female 27,722 

(64.8) 
11,609 (72.3) 16,113 (60.2) 

Male 15,078 
(35.2) 

4437 (27.7) 10,641 (39.8)  

Race 
White 35,428 

(82.8) 
13,857 (86.4) 21,571 (80.6) 

Black 4116 (9.6) 970 (6.0) 3146 (11.8) 
Asian 234 (0.5) 127 (0.8) 107 (0.4) 
Other 3022 (7.1) 1092 (6.8) 1930 (7.2)  

Region 
Midwest 21,495 

(50.2) 
8199 (51.1) 13,296 (49.7) 

South 16,706 
(39.0) 

5177 (32.3) 11,529 (43.1) 

West 2732 (6.4) 1994 (12.4) 738 (2.8) 
North 921 (2.2) 329 (2.1) 592 (2.2) 
Other 946 (2.2) 347 (2.2) 599 (2.2)  

Year of surgery 
2008-2011a 2162 (5.1) 877 (5.5) 1285 (4.8) 
2012–2013 8496 (19.9) 3010 (18.8) 5486 (20.5) 
2014–2015 17,296 

(40.4) 
6626 (41.3) 10,670 (39.9) 

2016–2017 14,846 
(34.7) 

5533 (34.5) 9313 (34.8)  

Date of surgery 
Weekend 4975 (11.6) 1898 (11.8) 3077 (11.5) 
Night 1523 (3.6) 519 (3.2) 1004 (3.8)  

Admitted from care site 
Home 40,117 

(93.7) 
15,184 (94.6) 24,933 (93.2) 

Inpatient 914 (2.1) 296 (1.8) 618 (2.3) 
Skilled nursing 
facility 

601 (1.4) 168 (1.0) 433 (1.6) 

Unknown 1168 (2.7) 398 (2.5) 770 (2.9)  

a Four years were combined due to small sample size in 2008 and 2009. 
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24 h before surgery). All statistical analyses were performed using SAS 
version 9.4 (SAS Institute Inc., Cary, NC) with alpha set to 0.05. 

3. Results 

42,800 distinct patients met our inclusion/exclusion criteria (Fig. 1): 
82.8% were Caucasian and 64.8% were female. Baseline demographics 
for the overall cohort, and stratified by perioperative hypotension status, 
are shown in Tables 1 and 2. 

3.1. Observed rates 

In the overall cohort, mean ± SD (median [25th, 75th percentile]) 
postoperative LOS during the surgical visit was 3.96 ± 2.89 days (3.42 
[2.54, 4.34]) while rates of discharge to a care facility and 30-day 
readmission were 19.6% and 5.5% respectively. In the 6-month 

follow-up period post-surgical visit discharge, the mean (SD) all-cause 
LOS was 1.15 (4.34) days, with a mean (SD) of 0.37 (1.02) ED and 
12.23 (13.25) outpatient visits. 

Patients who experienced perioperative hypotension (37.5%, vs. 
those who did not) had a mean ± SD (median [25th, 75th percentile]) 
postoperative LOS of 4.14 ± 3.48 days (3.45 [2.56, 4.42]) (vs. 3.85 ±
2.47 days, (3.39 [2.53, 4.27]) without perioperative hypotension), rate 
of discharge to a care facility of 22.1% (vs. 18.1% without perioperative 
hypotension), and a 30-day readmission rate of 6.2% (vs. 5.0% without 
perioperative hypotension). 

3.2. Association between perioperative hypotension and short- and mid- 
term HRU 

After adjusting for study covariates in the model, patients with 
perioperative hypotension during the surgical visit had: longer post-
operative LOS (4.01 vs. 3.83 days, complete model in Table A.2), higher 
odds of discharge to a care facility (OR 1.18; 95% CI 1.12–1.24), and 
higher rates of 30-day readmission (OR 1.22; 95% CI 1.11–1.33) (all 
outcomes, p < 0.001) as compared to those without perioperative hy-
potension. In the 6-month follow-up period, patients who experienced 
perioperative hypotension during the surgical visit showed significantly 
greater HRU with respect to number of ED visits (0.34 vs. 0.31 visits; 
visit ratio, 1.10; 95% CI, 1.05–1.15; p < 0.001) and readmission LOS 
(1.06 vs. 0.92 days; LOS ratio, 1.15; 95% CI, 1.07–1.24; p < 0.001) as 
compared to those without hypotension. However, the hypotensive 
group had fewer outpatient visits (10.47 vs. 10.82 visits; visit ratio, 0.97; 
95% CI, 0.95–0.99; p < 0.001) than the non-hypotensive group (Fig. 2). 

The results of the sensitivity analyses, after including non-survivors, 
were comparable to the main findings with the hypotensive group 
having greater HRU (Table A.3). The modeled results after dividing 
patients into four groups based on their hypotension status (both IOH 
and POH, IOH only, POH only, and neither IOH/POH) were similar: all 
three groups with hypotension had higher HRU, including significantly 
higher odds of 30-day readmission, with a greater difference seen in 
those with both IOH and POH (Table A.4). 

For the 6-month period before index surgery, the adjusted models for 
HRU (LOS, ED, and outpatient visits) exhibited no significant differences 
between the groups (LOS: LOS ratio, 0.949; 95% CI, 0.88–1.03, p = 0.20, 
number of ED visits: visit ratio, 1.01; 95% CI, 0.96–1.06, p = 0.71, and 
outpatient visits: visit ratio, 0.996; 95% CI, 0.98–1.0, p = 0.64 as 
compared to the non-hypotensive group), suggesting that there was not 
a pre-existing difference in HRU between the groups of patients that 
would or would not experience perioperative hypotension during their 
index surgery. 

4. Discussion 

Previous research has established the relationship between hypo-
tension and serious postoperative outcomes [3]. In non-cardiac surgery 
patients, hypotension in the perioperative space is associated with an 
increased risk of postoperative outcomes such as AKI [6,8,9,14], 30-day 
major adverse cardiac or cerebrovascular events [4,6], myocardial 
injury [7–9,14], and mortality [5,6,10,12,13]. 

Given these findings, it is imperative to evaluate the association of 
hypotension with resource use, a measure equally important to many 
stakeholders including patients, caregivers, hospital administrators, in-
surance companies, and the government. We sought to quantify the 
extent of the conceivable future benefit of reducing hypotension in terms 
of affording a potential reduction in HRU if perioperative hypotension is 
shown, at some point in the future, to be both causative and sufficiently 
preventable. To this end, we evaluated all-cause HRU subsequent to the 
occurrence or absence of perioperative hypotension, as defined by hy-
potensive exposures associated with the fact that MAP either did or did 
not drop below 65-mmHg at any point during surgery and for 48 h post- 
surgery, in non-cardiac, non-obstetric surgery patients. HRU was 

Table 2 
Patient baseline characteristics: medications, procedures, and comorbidities for 
the overall cohort and by hypotension status.   

Overall 
(N =
42,800) 
n (%) 

Perioperative 
hypotension (N =
16,046)  
n (%) 

No hypotension 
(N = 26,754)  
n (%) 

Patient characteristics 
Use of antihypertensives 
24 h before surgery 16,143 

(37.7) 
5243 (32.7) 10,900 (40.7) 

Year before surgery 34,926 
(81.6) 

12,763 (79.5) 22,163 (82.8)  

Procedures (year before surgery) 
Dialysis 64 (0.1) 32 (0.2) 32 (0.1) 
Coronary artery bypass 
graft 

67 (0.2) 31 (0.2) 36 (0.1) 

Percutaneous coronary 
intervention 

141 (0.3) 64 (0.4) 77 (0.3)  

Clinical events (30 days before surgery) 
Acute myocardial 
infarction 

322 (0.8) 138 (0.9) 184 (0.7) 

Acute ischemic stroke 338 (0.8) 139 (0.9) 199 (0.7)  

Clinical events (7 days before surgery) 
Acute kidney injury 1314 (3.1) 673 (4.2) 641 (2.4) 
Delirium 343 (0.8) 135 (0.8) 208 (0.8) 
Electrolyte disorder 4516 

(10.6) 
1984 (12.4) 2532 (9.5) 

Sepsis 295 (0.7) 132 (0.8) 163 (0.6) 
Charlson Comorbidity 

Index (year before 
surgery), Mean (SDa) 

1.4 (2.0) 1.4 (2.0) 1.3 (1.9)  

Other comorbidities (year before surgery) 
Hypertension 29,014 

(67.8) 
10,708 (66.7) 18,306 (68.4) 

Hypothyroidism 7635 
(17.8) 

3240 (20.2) 4395 (16.4) 

Coagulopathy 596 (1.4) 224 (1.4) 372 (1.4) 
Obesity 13,612 

(31.8) 
4723 (29.4) 8889 (33.2) 

Anemia 15,448 
(36.1) 

6549 (40.8) 8899 (33.3) 

Alcohol abuse 1215 (2.8) 391 (2.4) 824 (3.1) 
Drug abuse 1501 (3.5) 567 (3.5) 934 (3.5) 
Smoking 6622 

(15.5) 
2389 (14.9) 4233 (15.8) 

Depression 10,533 
(24.6) 

4296 (26.8) 6237 (23.3) 

Sleep apnea 6849 
(16.0) 

2384 (14.9) 4465 (16.7) 

Home oxygen 465 (1.1) 240 (1.5) 225 (0.8) 
Right side valve disease 214 (0.5) 98 (0.6) 116 (0.4) 
Left side valve disease 463 (1.1) 222 (1.4) 241 (0.9)  

a SD: standard deviation. 
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determined during the 6-month period before surgery and over the 
course of two time periods after surgery: short-term (initial surgical 
visit) and mid-term (6-months post-discharge). Our findings indicate: 1) 
patients who experienced greater perioperative hypotension exposure 
had significantly greater postoperative HRU (postoperative LOS, 
discharge to a care facility, 30-day readmission rate, ED visits, and re- 
admission LOS) compared to those who had none or lesser periopera-
tive hypotension, and 2) fewer outpatient visits among patients with 
hypotension than those without hypotension. Notably, HRU was 
remarkably similar in both groups in the 6-months prior to index 
surgery. 

Our findings show that patients with perioperative hypotension were 
more likely to have a longer postoperative LOS as compared to the non- 
hypotensive group. Previously, Sessler and colleagues [19] showed that 
presence of low MAP (<75-mmHg), in combination with low minimum 
alveolar concentration and low bispectral index, was considered a pre-
dictor of prolonged hospital LOS in non-cardiac surgery patients. Our 
adjusted HRU results indicate 4.32 h of LOS increment related to peri-
operative hypotension. In our analysis, 37.5% of all patients undergoing 
non-cardiac surgery experienced perioperative hypotension with 4.32 
additional hours for LOS per hypotensive patient, after adjusting for 
various patient confounders. Annually, 27 million patients undergo non- 
cardiac surgeries in the US [1], indicating about 10 million surgeries 
may experience hypotension. Studies have demonstrated that even a 
minor reduction in LOS can have a considerable impact on overall cost 
and efficiency in healthcare delivery [20,21]. With an average ward day 
costing over a thousand dollars [22,23], any LOS reduction may yield 
substantial savings to the US health system. 

Our study revealed higher 30-day readmission rates in patients with 
hypotension compared to those without hypotension (OR, 1.22; 95% CI, 
1.11–1.33; observed rate 6.2% vs. 5.0%), similar to previous studies 
[5,24]. Past research has demonstrated the significant costs associated 
with rescuing patients from perioperative complications, including costs 
of readmission [25], and how treating perioperative complications 
efficiently can reduce costs [26]. Readmissions are also an important 
quality metric for hospitals as they may incur reimbursement penalty 
losses [27]. From a larger perspective, readmissions introduce an eco-
nomic burden of $50.7 billion to the US health system [16]. Hence, even 

a 1% reduction in readmission rate may result in substantial savings. 
Current study patients with perioperative hypotension had increased 

odds of being discharged to a care facility. This finding is in agreement 
with the results of a single-center retrospective study of non-critically 
injured trauma patients (n = 1744) in which perioperative hypoten-
sion (systolic BP <90-mmHg) was associated with an increased risk of 
death or discharge to an SNF or hospice [28]. A non-routine discharge, i. 
e., discharge to a facility rather than home, is not only an indication of 
increased resource use but also of an additional cost burden. A study 
involving patients undergoing hip surgery showed that the median LOS 
and median costs for IRF (LOS: 11–25 days; costs: $13,707–$17,299) 
and SNF (LOS: 22–26 days; costs: $9269 to $12,671) [29] stays were 
considerable. 

Our study showed a significant association between hypotension and 
HRU in the 6-month period post-discharge, indicated by: more ED visits, 
longer readmission LOS, and fewer outpatient visits. The directionality 
of our results (more ED visits and longer LOS) perhaps may be a signal of 
the severity of care needed by the hypotensive group. It is potentially 
also indicative of fewer non-urgent outpatient visits for this group. The 
greater mid-term postoperative HRU appears to be strongly associated 
with the occurrence of perioperative hypotension since our analysis 
showed no significant pre-existing difference in HRU (ED/outpatient 
visits, and LOS) over the 6-month pre-surgical period. The patients in 
our study started from a similar baseline, from a resource use perspec-
tive, before their index surgeries but had greater HRU post-surgery in 
the cohort that experienced perioperative hypotension. In addition, our 
supplementary analysis showed that patients with both IOH and POH 
tended to fare worse across most outcomes than those with either 
occurrence alone, alluding to a potentially cumulative role of 
hypotension. 

Our study has several limitations. Perioperative hypotension was 
measured at an absolute MAP threshold of ≤65-mmHg for separating the 
cohort into two groups, namely a sufficiently large fraction of patients 
with sufficiently greater hypotensive exposures and the remaining with 
none or less hypotensive exposures. The study results may vary at 
another MAP threshold or with hypotension duration. Any assessment of 
(attempted) treatment of hypotension was beyond the scope of this 
paper. To evaluate hypotension exposure for every patient as accurately 

Fig. 2. Association of healthcare resource use (HRU) 
outcomes with perioperative hypotension. (A) Odds 
ratios for binary outcomes: discharge to a care facility 
and 30-day readmissions, (B) LOS ratios for: post-
operative LOS during the surgical visit and LOS in the 
6-month follow-up period, (C) visit ratios for ED and 
outpatient visits. 
Footnote: LOS – length of stay, ED – emergency 
department. a Short-term HRU: Outcomes from the 
surgical visit (readmission rates are evaluated in the 
30-days post-discharge). b Mid-term HRU: Outcomes 
within the 6-months post-discharge. 
*p < 0.05.   
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as possible, those with long gaps in BP data were excluded, leading to 
exclusion of a large portion of the dataset. The Optum database also did 
not distinguish between invasive and non-invasive BP measurements; 
we used all that were available. The Optum dataset did not capture 
telemedicine visits explicitly and, going forward, it would be important 
to capture these. While the Optum dataset contains data from centers 
throughout the US, it is relatively under-representative of the 
geographical west and northeast regions. Due to the absence of costs in 
the dataset, we could not capture direct hospital costs, and provide the 
economic burden of HRU associated with perioperative hypotension. 
Finally, this is an observational, retrospective study, which inherently 
contains a risk of residual confounding and unobservable bias, although 
we have attempted to control for patient and other relevant factors 
available in the underlying database. We only report associations and do 
not comment on or imply causality. 

We observed an association between perioperative hypotension and 
subsequent short- and mid-term healthcare resource use in a large non- 
cardiac, non-obstetric surgical cohort. Clinicians should proactively 
evaluate patient risk for hypotension and minimize exposure through 
monitoring and intervention, both during and after surgery. While we 
cannot ascertain a causal relationship in this study, timely identification 
and appropriate management of perioperative hypotension, a poten-
tially modifiable factor, may help prevent conceivably unnecessary 
resource use and corresponding healthcare costs. 
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