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A B S T R A C T   

Study objective: To test whether patients who experience hypotension in the post-anesthesia care unit or during 
surgery are most likely to experience hypotension on surgical wards. 
Design: A prediction study using data from two randomized controlled trials. 
Setting: Operating room, post-anesthesia care unit, and surgical ward. 
Patients: 550 adult patients having abdominal surgery with ASA physical status I-IV. 
Interventions: Blood pressure measurement per routine intraoperatively, and with continuous non-invasive 
monitoring postoperatively. 
Measurements: The primary predictors were minimum mean arterial pressure (<60, <65, <70 and < 80 mmHg) 
and minimum systolic blood pressure (<70, <75, <80, <85 mmHg) in the post-anesthesia care unit. The sec-
ondary predictors were intraoperative minimum blood pressures with the same thresholds as the primary ones. 
Our outcome was ward hypotension defined as mean pressure < 70 mmHg or systolic pressure < 85 mmHg. A 
threshold was considered clinically useful if both sensitivity and specificity exceeded 0.75. 
Main results: Minimum mean and systolic pressures in the post-anesthesia care unit similarly predicted ward 
mean or systolic hypotension, with the areas under the curves near 0.74. The best performing threshold was 
mean pressure < 80 mmHg in the post-anesthesia care unit which had a sensitivity of 0.41 (95% confidence 
interval [CI], 0.35, 0.47) and specificity of 0.91 (95% CI, 0.87, 0.94) for ward mean pressure < 70 mmHg and a 
sensitivity of 0.44 (95% CI, 0.37, 0.51) and specificity of 0.88 (95% CI, 0.84, 0.91) for ward systolic pressure <
85 mmHg. The areas under the curves using intraoperative hypotension to predict ward hypotension were 
roughly similar at about 0.60, with correspondingly low sensitivity and specificity. 
Conclusions: Intraoperative hypotension poorly predicted ward hypotension. Pressures in the post-anesthesia care 
unit were more predictive, but the combination of sensitivity and specificity remained poor. Unless far better 
predictors are identified, all surgical inpatients should be considered at risk for postoperative hypotension.   

1. Introduction 

Postoperative hypotension is associated with serious complications. 
For example, postoperative systolic blood pressure (SBP) <90 mmHg is 
associated with myocardial injury, stroke, and mortality [1]. Systolic 

hypotension also often precedes in-hospital mortality, cardiac arrest, 
and unanticipated intensive care unit admission [2]. Postoperative 
mean arterial pressure (MAP) hypotension is similarly associated with 
myocardial injury [3]. 

There is no consensus for the frequency of vital sign monitoring on 
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surgical wards, but 4-8-h intervals are common [4,5]. With typical 
monitoring at 4-h intervals, a significant amount of hypotension is still 
missed. Depending on the population and definition of hypotension, 
20–40% of patients with continuous blood pressure monitoring experi-
ence at least one episode of postoperative hypotension [1,6]. 

Furthermore, about 18% of surgical patients have MAP <65 mmHg for 
at least 15 min during the initial 48 postoperative hours, and only half of 
the hypotensive events are detected by routine blood pressure mea-
surements at 4-h intervals [7]. 

Continuous vital sign monitoring is routinely available in only a 
small number of hospitals [8,9], partially due to financial and concep-
tual barriers to the introduction of modern technologies to clinical en-
vironments. However, most institutions have monitored units that 
provide continuous or at least frequent vital sign assessments. Reliable 
prediction of which patients are most likely to develop ward hypoten-
sion might improve resource utilization. We therefore tested the primary 
hypothesis that patients who experience hypotension in the post- 
anesthesia care unit (PACU) are especially likely to have hypotension 
on surgical wards. We also tested the secondary hypothesis that patients 
who experience intraoperative hypotension are most likely to have ward 
hypotension. 

2. Materials and methods 

2.1. Study design 

We conducted a prediction study using data from two recently 
completed clinical trials, each of which was conducted with institutional 
review board approval and written informed consent. The current 
analysis was approved by the Cleveland Clinic institutional review board 
with waived individual consent. The underlying trials were: (1) FACTOR 
which was a randomized placebo-controlled double-blind trial of 
intravenous acetaminophen in adults having abdominal surgery 
(Clinicaltrials.gov registration number NCT02156154) [10]; and, (2) 
EXPLANE which was a randomized trial comparing the effectiveness of 
bilateral transversus abdominis plane (TAP) blocks with continuous 
epidural analgesia after abdominal surgery (Clinicaltrials.gov registra-
tion number NCT02996227). 

2.2. Study population 

Patients were enrolled in the underlying trials between February 
2015 and October 2019. Inclusion criteria were: (1) adults between 18 
and 85 years of age; (2) American Society of Anesthesiologists physical 
status I–IV; (3) scheduled for elective open or laparoscopic abdominal 
surgery, including colorectal, prostate, and hysterectomy surgeries; (4) 
surgery scheduled to last at least 2 h with general anesthesia; (5) 
anticipated hospitalization of at least two nights; (6) expected to require 
parenteral opioids for at least 48 h for postoperative pain; (7) able to use 
intravenous patient controlled analgesia systems. 

Exclusion criteria were: (1) preoperative hypotension, defined as 
MAP <65 mmHg; (2) continuous monitoring gaps exceeding 4 h; and, 
(3) overall unrecorded duration (cumulative duration of gaps in 
continuous monitoring records ≥30 min) exceeding 30% of total 
monitoring period. 

2.3. Measurements 

Our outcome was ward hypotension, considered dichotomously. We 
defined hypotension as any blood pressure below two thresholds: 1) 
MAP <70 mmHg; and, 2) SBP <85 mmHg. The primary predictors were 
minimum MAP and minimum SBP in the PACU. Secondary predictors 
were intraoperative minimum MAP and minimum SBP. 

Blood pressure in the PACU and on wards was monitored with ViSi 
Mobile (Sotera Wireless, Inc. San Diego, CA, USA) monitoring system, as 
previously described [7,10]. Briefly, this system is approved for 
continuous monitoring of vital signs by the U.S. Food and Drug 
Administration. The system captures continuous electrocardiogram, 
continuous pulse-oximetry waveform, and intermittent non-invasive 
oscillometric blood-pressure measurements through a standard arm- 
cuff every 12–24 h. These intermittent blood-pressure measurements 

Fig. 1. Flow chart of patient's selection. ICU: intensive care unit.  

Table 1 
Demographic, baseline, and intraoperative characteristics of eligible patients 
(N = 550), according to presence or absence of hypotension in ward.   

Hypotensive in 
ward 

Not hypotensive in 
ward 

Characteristic (N=273) (N=277) 

Age (mean (SD)) 50 (15) 49 (15) 
Female (%) 161 (59.0) 126 (45.5) 
ASA Status (%)   

I 4 (1.5) 6 (2.2) 
II 104 (38.1) 107 (38.6) 
III 162 (59.3) 163 (58.4) 
IV 3 (1.1) 1 (0.36)    

BMI (mean (SD)) 26.94 (5.43) 27.19 (4.64) 
Race - White (%) 253 (92.7) 254 (92.0) 
Cardiac medication history   

ACE Inhibitor - no. (%) 36 (13.2) 49 (17.7) 
Beta blockers - no. (%) 88 (32.2) 75 (27.1) 
Calcium blockers - no. (%) 36 (13.2) 32 (11.6) 
Diuretics - no. (%) 50 (18.3) 58 (20.9) 
Angiotensin receptor blockers - no. 
(%) 

16 (5.9) 24 (8.7) 

Intraoperative factors   
Emergency - no. (%) 24 (8.8) 30 (10.8) 
Procedure type – no. (%)   

Open 146 (53.4) 147 (53.1) 
Laparoscopic 127 (46.5) 130 (46.9) 

Arterial line - no. (%) 50 (18.3) 43 (15.5) 
Anesthesia Type - no. (%)   

General 267 (97.8) 274 (98.9) 
Regional 1 (0.4) 1 (0.4) 
Combined 5 (1.8) 2 (0.7) 

Length of PACU stay - hours (mean 
(SD)) 

3.3 (2.2) 3.0 (1.2) 

Length of surgery - hours (mean 
(SD)) 

4.9 (2.3) 4.6 (2.1) 

VISI monitoring information   
PACU monitoring duration – hours 
(median [IQR]) 

2 [1, 3] 2 [1, 3] 

Ward monitoring duration – hours 
(mean [IQR]) 

44 [41, 46] 44 [32, 46] 

ACE: angiotensin-converting-enzyme, ASA: American Society of Anesthesiolo-
gists, BMI: body mass index, PACU: post-anesthesia care unit, SD: standard 
deviation. 
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are used to calibrate continuous blood pressure estimates based on pulse 
arrival time technology with a 1-mmHg resolution and an estimated 
mean error ≤ 5 mmHg (standard deviation ≤8 mmHg). ViSi Mobile 
blood pressure estimations were obtained at 15-s intervals and averaged 
over 4 readings, with the resulting 1-min values being recorded. 

Intraoperative blood pressure was extracted from the Cleveland 
Clinic Perioperative Health Documentation System. Blood pressure was 
measured per routine either with an arm-cuff or from arterial catheters 
at 1-5-min intervals. Electronically recorded pressures can be marked as 
artifacts but cannot be modified. 

We removed artifactual pressures (including mean, systolic, and 
diastolic pressures) using the following rules, in order: (1) blood pres-
sures documented as artifacts; (2) pressures out-of-range defined by; (a) 
SBP greater than or equal to 300 or less than or equal to 20 mmHg; (b) 
SBP less than or equal to diastolic blood pressure (DBP) + 5 mmHg; (c) 
DBP less than or equal to 5 mmHg or DBP greater than or equal to 225 
mmHg; (3) abrupt changes defined by; (a) MAP change ≥40 mmHg 
within 2 min in both directions, or (b) MAP change ≥80 mmHg within 1 
min in both directions. 

Demographic, baseline, and intraoperative characteristics of eligible 

Fig. 2. ROC curves for the primary analysis by using PACU hypotension to predict ward hypotension. (A)ROC curve for predicting ward hypotension, defined as MAP 
lower than 70 mmHg, using minimum PACU MAP. (B) ROC curve for predicting ward hypotension, defined as MAP lower than 70 mmHg, using minimum PACU SBP. 
(C)ROC curve for predicting ward hypotension, defined as SBP lower than 85 mmHg, using minimum PACU MAP. (D)ROC curve for predicting ward hypotension, 
defined as SBP lower than 85 mmHg, using minimum PACU SBP. The AUC with 95% CI is described at the lower right corner of each panel. ROC: receiver operator 
curve, PACU: post-anesthesia care unit, MAP: mean arterial pressure, SBP: systolic blood pressure, AUC: area under curve, CI: confidence interval. 
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patients were retrieved from the case report forms of the underlying 
trials. 

2.4. Statistical analysis 

2.4.1. Primary analysis 
Minimum MAP and minimum SBP in PACU were used to predict the 

two pre-defined measures of hypotension in the ward. Eight different 
thresholds were pre-defined (which correspond to hypotension) as 
predictors: four MAP thresholds (<60, <65, <70 and < 80 mmHg) and 
four SBP thresholds (<70, <75, <80, <85 mmHg). Sensitivity, speci-
ficity, positive and negative predictive values (PPV and NPV) were re-
ported for these thresholds along with 95% confidence intervals (CIs) 
estimated using the exact binomial method. Receiver operator curves 
(ROCs) and area under curves (AUCs) were also reported. The best 
threshold was pre-defined as one which maximized both sensitivity and 
specificity (i.e. the point at which they are equal or as close as possible 
given our data). A threshold was considered clinically useful if both 
sensitivity and specificity exceeded 0.75. 

2.4.2. Secondary analysis 
Intraoperative minimum MAP and minimum SBP were used to pre-

dict the two previously defined measures of hypotension on surgical 
wards. Eight different thresholds were pre-defined, similar to those 
defined for the primary analysis. Analyses were conducted similarly. 

2.4.3. Sensitivity analysis 
As sensitivity analysis, we conducted the same analyses as above but 

using time-weighted average (TWA) MAP <60 mmHg and TWA SBP <
80 mmHg as predictors instead of minimum MAP and minimum SBP. 

Analyses were conducted similarly. 
All analyses were performed using R 4.0.2. 

2.4.4. Sample size considerations 
We included all 550 available FACTOR and EXPLANE patients who 

met inclusion and exclusion criteria. We were able to obtain precise CIs 
for sensitivity and specificity (the maximum CI half-width being 7%); 
the sample size was therefore sufficient for our purposes. 

2.5. CONSORT statement 

The manuscript was written according to the CONSORT (CONsoli-
dated Standards of Reporting Trials) 2010 guideline and a CONSORT 
checklist included within the submission [11]. 

3. Results 

Among 847 participants in the underlying trials, we were able to 
analyze data from 550 eligible patients. Reasons for exclusion are 
described in Fig. 1, with missing postoperative ViSi Mobile monitoring 
data being the most common reason. 

Baseline, medical, and intraoperative variables of the 550 eligible 
patients are summarized in Table 1, according to presence or absence of 
ward hypotension. Age was similar among hypotensive (ward MAP <70 
mmHg) and non-hypotensive patients, but hypotensive patients were 
more often women. Patients in both groups were overweight, with mean 
BMI >25 kg/m2. 

The ROC curves and AUCs for the primary analysis are reported in 
Fig. 2. The AUC for all models was roughly similar at around 0.74. None 
of the thresholds met the pre-specified criteria of a minimum sensitivity 

Table 2 
Minimum PACU hypotension as a predictor of hypotension in ward.  

Outcome (Ward 
hypotension) 

Thresholds 
(PACU) 

Sensitivity (95% CI) [Denom. 
= 273] 

Specificity (95% CI) [Denom. 
= 277] 

PPV 
Denom. 

PPV (95% CI) NPV 
Denom. 

NPV (95% CI) 

MAP <70 mmHg 

MAP <60 mmHg 0.03 (0.01, 0.05) 1 (0.98, 1) 8 0.88 (0.47, 1) 542 0.51 (0.47, 
0.55) 

MAP <65 mmHg 0.07 (0.04, 0.11) 1 (0.98, 1) 20 0.95 (0.75, 1) 530 
0.52 (0.49, 
0.56) 

MAP <70 mmHg 0.15 (0.11, 0.19) 0.99 (0.97, 1) 43 
0.93 (0.81, 
0.99) 

507 
0.54 (0.50, 
0.58) 

MAP < 80 
mmHg 

0.41 (0.35, 0.47) 0.91 (0.87, 0.94) 138 0.82 (0.74, 
0.88) 

412 0.61 (0.56, 
0.66) 

SBP <70 mmHg 0.01 (0, 0.03) 1 (0.98, 1) 3 0.67 (0.09, 1) 547 0.5 (0.46, 
0.55) 

SBP <75 mmHg 0.02 (0.01, 0.05) 1 (0.98, 1) 7 0.86 (0.42, 1) 543 
0.51 (0.47, 
0.55) 

SBP <80 mmHg 0.05 (0.03, 0.08) 1 (0.98, 1) 15 0.93 (0.68, 1) 535 
0.52 (0.47, 
0.56) 

SBP <85 mmHg 0.12 (0.08, 0.17) 0.99 (0.97, 1) 35 0.94 (0.81, 
0.99) 

515 0.53 (0.49, 
0.58) 

SBP <85 mmHg 

MAP <60 mmHg 0.03 (0.01, 0.06) 0.99 (0.98, 1) 8 0.75 (0.35, 
0.97) 

542 0.6 (0.56, 
0.64) 

MAP <65 mmHg 0.07 (0.04, 0.11) 0.99 (0.97, 1) 20 
0.8 (0.56, 
0.94) 530 

0.61 (0.56, 
0.65) 

MAP <70 mmHg 0.16 (0.11, 0.21) 0.98 (0.95, 0.99) 43 
0.81 (0.67, 
0.92) 507 

0.63 (0.58, 
0.67) 

MAP < 80 
mmHg 

0.44 (0.37, 0.51) 0.88 (0.84, 0.91) 138 0.71 (0.63, 
0.78) 

412 0.69 (0.65, 
0.74) 

SBP <70 mmHg 0.01 (0, 0.03) 1 (0.98, 1) 3 0.67 (0.09, 1) 547 0.59 (0.55, 
0.64) 

SBP <75 mmHg 0.03 (0.01, 0.06) 1 (0.98, 1) 7 0.86 (0.42, 1) 543 
0.6 (0.56, 
0.64) 

SBP <80 mmHg 0.06 (0.03, 0.10) 0.99 (0.98, 1) 15 
0.87 (0.60, 
0.98) 535 

0.61 (0.56, 
0.65) 

SBP <85 mmHg 0.14 (0.10, 0.19) 0.99 (0.97, 1) 35 0.89 (0.73, 
0.97) 

515 0.63 (0.58, 
0.67) 

Sensitivity Denom. = True Positive + False Negative; Specificity Denom. = True Negative + False Positive; PPV Denom. = True Positive + False Positive; NPV Denom. 
= True Negative + False Negative. The bold font shows the best performing threshold i.e. the point which maximized both sensitivity and specificity.PACU: post- 
anesthesia care unit, CI: confidence interval, PPV: positive predictive value, NPV: negative predictive values, MAP: mean arterial pressure, SBP: systolic blood pressure. 
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and specificity of 0.75 deemed clinically useful. The best performing 
threshold was MAP <80 mmHg for both outcomes with a sensitivity of 
0.41 (95% CI, 0.35, 0.47) and a specificity of 0.91 (95% CI, 0.87, 0.94) 
for ward MAP <70 mmHg, and a sensitivity of 0.44 (95% CI, 0.37, 0.51) 
and specificity of 0.88 (95% CI, 0.84, 0.91) for ward SBP <85 mmHg 
(See Table 2). PACU hypotension thus predicted ward hypotension, but 
not sufficiently well to provide meaningful clinical guidance. 

The ROC curves and AUCs for the secondary analysis are reported in 
Fig. 3. The AUC for all models was roughly similar at around 0.60. A 
threshold of 60 mmHg MAP was the best performing predictor for ward 

MAP <70 mmHg with a sensitivity of 0.54 (95% CI, 0.48, 0.60) and a 
specificity of 0.59 (95% CI, 0.53, 0.65). For ward SBP <85 mmHg, a 
threshold of 60 mmHg MAP was the best predictor with a sensitivity of 
0.54 (95% CI, 0.48, 0.61) and specificity of 0.57 (95% CI, 0.51, 0.62) 
(See Table 3). Intraoperative hypotension therefore poorly predicted 
ward hypotension. 

The ROC curves and AUCs for the sensitivity analysis are reported in 
Figs. 4 and 5, and the associated sensitivity and specificity are reported in 
Table 4 and 5. Generally, TWA MAP <60 mmHg and TWA SBP < 80 
mmHg perform worse as predictors than minimum MAP and minimum 

Fig. 3. ROC curves for the secondary analysis by using intraoperative hypotension to predict ward hypotension. (A)ROC curve for predicting ward hypotension, 
defined as MAP lower than 70 mmHg, using minimum intraoperative MAP. (B) ROC curve for predicting ward hypotension, defined as MAP lower than 70 mmHg, 
using minimum intraoperative SBP. (C)ROC curve for predicting ward hypotension, defined as SBP lower than 85 mmHg, using minimum intraoperative MAP. (D) 
ROC curve for predicting ward hypotension, defined as SBP lower than 85 mmHg, using minimum intraoperative SBP. The AUC with 95% CI is described at the lower 
right corner of each panel. ROC: receiver operator curve, MAP: mean arterial pressure, SBP: systolic blood pressure, AUC: area under curve, CI: confidence interval. 
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SBP. 

4. Discussion 

Various studies have tried to predict intraoperative hypotension 
based on demographic, baseline, and procedural characteristics — 
generally with limited success.[12,13] Others have tried to predict 
intraoperative hypotension from heart rate variability [14] and inferior 
vena cava collapsibility, [15] again with only moderate success. And 
finally, recent methods use the arterial waveform to predict hypotension 
over periods of minutes.[16,17]. 

Intraoperative MAP less than 60 to 70 mmHg is associated with 
myocardial and kidney injury [18–20]. Similarly, SBP less than 
90 mmHg requiring intervention is associated with myocardial infarc-
tion during surgery, later on the day of surgery, and during the subse-
quent days of hospitalization [1]. Furthermore, cumulative 
postoperative durations of MAP of <60 mmHg for 2–4 h and durations 
less than 65 and 70 mmHg exceeding 4 h are also associated with 
myocardial injury [3]. Based on these previous studies, we defined MAP 
less than 70 mmHg and SBP less than 85 mmHg as postoperative hy-
potension in surgical ward. On the other hand, as predictors for post-
operative hypotension remains unclear, we reported various threshold 
pressures as exposure variables. 

Curiously, there appears to have been few attempts to predict ward 
hypotension, although ward hypotension is associated with complica-
tions and therefore best avoided. We found that neither PACU nor 
intraoperative hypotension were satisfactory predictors of hypotension 
on surgical wards. PACU hypotension predicted ward hypotension bet-
ter than intraoperative hypotension, possibly because intraoperative 
hypotension is usually quickly treated. But neither was a strong 

predictor. 
We chose the lowest blood pressure for our prediction model because 

of its simplicity for the clinical use. But it is also reasonable to assume 
that longer and the more severe exposures are more likely to provoke 
postoperative complications. We therefore performed sensitivity ana-
lyses using TWA MAP and SBP as predictors. Surprisingly, those 
continuous values were less predictive for postoperative hypotension 
than the single lowest blood pressure. 

Most perioperative attempts to predict hypotension by baseline pa-
tient characteristics have failed, probably because hypotension is mostly 
consequent to surgical and anesthetic factors. A corollary is that changes 
in perioperative drug and fluid management may prevent much post-
operative hypotension. The obvious challenge, though, is that it is hard 
to detect patients at risk and intervene sufficiently early when vital signs 
are only evaluated at 4-8-h intervals. More frequent, preferably 
continuous, monitoring of ward vital signs seems likely to help — so 
long as skilled clinicians are available to evaluate changes in vital signs 
over time, and to intervene as necessary. In practice, a combination of 
smart alarms, computerized evaluation of vital signs, and dedicated 
clinicians will presumably be needed to prevent and detect hypotension, 
and other abnormalities [21]. 

There are several important limitations in our study. First, prediction 
algorithms should be validated on an independent dataset. In our case, 
though, there is no need for external validation since hypotension could 
not be predicted to a clinically useful degree. Second, postoperative pain 
management can influence the incidence of postoperative hypotension. 
Although some report no difference in postoperative hypotension with 
TAP blocks and epidural analgesia in abdominal surgery [22,23], others 
report that epidural analgesia induces postoperative hypotension [24]. 
Similarly, intravenous acetaminophen can induce hypotension, 

Table 3 
Minimum intraoperative hypotension as a predictor of hypotension in ward.  

Outcome (Ward 
hypotension) 

Thresholds 
(Intraoperative) 

Sensitivity (95% CI) 
[Denom. = 273] 

Specificity (95% CI) 
[Denom. = 277] 

PPV 
Denom. 

PPV (95% CI) NPV 
Denom. 

NPV (95% CI) 

MAP <70 mmHg 

MAP < 60 mmHg 0.54 (0.48, 0.60) 0.59 (0.53, 0.65) 262 0.56 (0.50, 
0.63) 

288 0.57 (0.51, 
0.62) 

MAP <65 mmHg 0.82 (0.77, 0.86) 0.32 (0.26, 0.38) 413 
0.54 (0.49, 
0.59) 137 

0.64 (0.56, 
0.72) 

MAP <70 mmHg 0.95 (0.92, 0.97) 0.15 (0.11, 0.20) 495 
0.53 (0.48, 
0.57) 

55 
0.76 (0.63, 
0.87) 

MAP <80 mmHg 1 (0.99, 1) 0.01 (0, 0.04) 546 0.53 (0.46, 
0.54) 

4 1 (0.40, 1) 

SBP <70 mmHg 0.19 (0.15, 0.24) 0.87 (0.83, 0.91) 87 0.6 (0.49, 
0.70) 

463 0.52 (0.48, 
0.57) 

SBP <75 mmHg 0.28 (0.23, 0.34) 0.77 (0.71, 0.82) 140 
0.54 (0.46, 
0.63) 410 

0.52 (0.47, 
0.57) 

SBP <80 mmHg 0.53 (0.47, 0.59) 0.62 (0.56, 0.68) 249 
0.58 (0.51, 
0.64) 

301 
0.57 (0.51, 
0.63) 

SBP <85 mmHg 0.75 (0.70, 0.80) 0.48 (0.42, 0.54) 351 0.59 (0.53, 
0.64) 

199 0.66 (0.59, 
0.73) 

SBP <85 mmHg 

MAP < 60 mmHg 0.54 (0.48, 0.61) 0.57 (0.51, 0.62) 262 0.47 (0.40, 
0.53) 

288 0.65 (0.59, 
0.70) 

MAP <65 mmHg 0.83 (0.77, 0.87) 0.3 (0.25, 0.35) 413 
0.45 (0.40, 
0.50) 137 

0.72 (0.63, 
0.79) 

MAP <70 mmHg 0.95 (0.91, 0.97) 0.13 (0.10, 0.17) 495 
0.43 (0.38, 
0.47) 55 

0.78 (0.65, 
0.88) 

MAP <80 mmHg 1 (0.98, 1) 0.01 (0, 0.03) 546 0.41 (0.37, 
0.45) 

4 1 (0.40, 1) 

SBP <70 mmHg 0.21 (0.16, 0.27) 0.88 (0.84, 0.91) 87 0.55 (0.44, 
0.66) 

463 0.62 (0.57, 
0.66) 

SBP <75 mmHg 0.29 (0.23, 0.35) 0.77 (0.72, 0.81) 140 
0.46 (0.37, 
0.54) 410 

0.61 (0.56, 
0.66) 

SBP <80 mmHg 0.54 (0.47, 0.60) 0.60 (0.55, 0.66) 249 
0.48 (0.42, 
0.55) 301 

0.65 (0.60, 
0.71) 

SBP <85 mmHg 0.74 (0.68, 0.80) 0.43 (0.38, 0.49) 351 0.47 (0.42, 
0.53) 

199 0.71 (0.64, 
0.77) 

Sensitivity Denom. = True Positive + False Negative; Specificity Denom. = True Negative + False Positive; PPV Denom. = True Positive + False Positive; NPV Denom. 
= True Negative + False Negative. The bold font shows the best performing threshold i.e. the point which maximized both sensitivity and specificity. CI: confidence 
interval, PPV: positive predictive value, NPV: negative predictive values, MAP: mean arterial pressure, SBP: systolic blood pressure. 
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although the effect is probably small [25]. Third, administration of an-
tihypertensives could also influence incidence of postoperative hypo-
tension, and were not considered in our analysis. Forth, we make the 
assumption that ward hypotension is harmful and that intervening to 
prevent or moderate it will prevent serious complications including 
myocardial injury or mortality. However, that assumption is based 
entirely on observational analyses; future randomized trials will be 
necessary to confirm causality. 

In summary, intraoperative hypotension poorly predicted ward hy-
potension. Pressures in PACU were more predictive, but sensitivity and 

specificity remained poor. Unless far better predictors are identified, all 
surgical inpatients should be considered at risk for postoperative hy-
potension — and seem likely to benefit from continuous ward blood 
pressure monitoring. 
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Fig. 4. ROC curves for a sensitivity analysis by using TWA MAP/SBP below thresholds in PACU to predict ward hypotension. (A) ROC curve for predicting ward 
hypotension, defined as MAP lower than 70 mmHg, using TWA MAP below 60 mmHg in PACU. (B) ROC curve for predicting ward hypotension, defined as MAP 
lower than 70 mmHg, using TWA SBP below 80 mmHg in PACU. (C)ROC curve for predicting ward hypotension, defined as SBP lower than 85 mmHg, using TWA 
MAP below 60 mmHg in PACU. (D) ROC curve for predicting ward hypotension, defined as SBP lower than 85 mmHg, using TWA SBP below 80 mmHg in PACU. The 
AUC with 95% CI is described at the lower right corner of each panel. ROC: receiver operator curve, TWA: time-weighted average, MAP: mean arterial pressure, SBP: 
systolic blood pressure, PACU: post-anesthesia care unit, AUC: area under curve, CI: confidence interval. 

T. Shimada et al.                                                                                                                                                                                                                                



Journal of Clinical Anesthesia 75 (2021) 110495

8

Fig. 5. ROC curves for a sensitivity analysis by using intraoperative TWA MAP/SBP below thresholds to predict ward hypotension. (A) ROC curve for predicting 
ward hypotension, defined as MAP lower than 70 mmHg using intraoperative TWA MAP below 60 mmHg (B) ROC curve for predicting ward hypotension, defined as 
MAP lower than 70 mmHg, using intraoperative TWA SBP below 80 mmHg. (C) ROC curve for predicting ward hypotension, defined as SBP lower than 85 mmHg, 
using intraoperative TWA MAP below 60 mmHg. (D)ROC curve for predicting ward hypotension, defined as SBP lower than 85 mmHg, using intraoperative TWA SBP 
below 80 mmHg. The AUC with 95% CI is described at the lower right corner of each panel. ROC: receiver operator curve, TWA: time-weighted average, MAP: mean 
arterial pressure, SBP: systolic blood pressure, AUC: area under curve, CI: confidence interval. 

Table 4 
TWA MAP or SBP below thresholds in PACU as a predictor of hypotension in ward.  

Outcome (Ward 
hypotension) 

Predictors (PACU) Sensitivity (95% CI) 
[Denom. = 273) 

Specificity (95% CI) 
[Denom. = 277] 

PPV 
Denom. 

PPV (95% CI) NPV 
Denom. 

NPV (95% CI) 

MAP <70 mmHg 

TWA MAP <60 
mmHg 

0.03 (0.01–0.05) 1 (0.98–1) 8 0.88 (0.47–1) 542 0.51 
(0.47–0.55) 

TWA SBP < 80 
mmHg 

0.05 (0.03–0.08) 1 (0.98–1) 14 0.93 (0.66–1) 536 0.51 
(0.47–0.56) 

SBP <85 mmHg 

TWA MAP <60 
mmHg 0.03 (0.01–0.06) 0.99 (0.98–1) 8 

0.75 
(0.35–0.97) 542 

0.6 
(0.56–0.64) 

TWA SBP < 80 
mmHg 0.05 (0.03–0.09) 0.99 (0.98–1) 14 

0.86 
(0.57–0.98) 536 

0.60 
(0.56–0.65) 

Sensitivity Denom. = True Positive + False Negative; Specificity Denom. = True Negative + False Positive; PPV Denom. = True Positive + False Positive; NPV Denom. 
= True Negative + False Negative. TWA: time-weighted average, PACU: post-anesthesia care unit, CI: confidence interval, PPV: positive predictive value, NPV: 
negative predictive values, MAP: mean arterial pressure, SBP: systolic blood pressure. 
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Table 5 
Intraoperative TWA MAP or SBP below thresholds as a predictor of hypotension in ward.  

Outcome (Ward 
hypotension) 

Predictors 
(Intraoperative) 

Sensitivity (95% CI) 
[Denom. = 273) 

Specificity (95% CI) 
[Denom. = 277] 

PPV 
Denom. 

PPV (95% CI) NPV 
Denom. 

NPV (95% CI) 

MAP <70 mmHg 
TWA MAP <60 mmHg 0.47 (0.41–0.53) 0.62 (0.56–68) 233 0.55 

(0.48–0.61) 
317 0.54 

(0.49–0.60) 

TWA SBP < 80 mmHg 0.45 (0.39–0.51) 0.65 (0.59–0.70) 221 
0.56 
(0.49–0.62) 329 

0.54 
(0.49–0.60) 

SBP <85 mmHg 
TWA MAP <60 mmHg 0.48 (0.41–0.55) 0.61 (0.56–0.67) 233 

0.46 
(0.39–0.53) 317 

0.63 
(0.58–0.68) 

TWA SBP < 80 mmHg 0.46 (0.39–0.53) 0.66 (0.60–0.71) 211 
0.49 
(0.42–0.56) 

339 
0.63 
(0.58–0.68) 

Sensitivity Denom. = True Positive + False Negative; Specificity Denom. = True Negative + False Positive; PPV Denom. = True Positive + False Positive; NPV Denom. 
= True Negative + False Negative. TWA: time-weighted average, CI: confidence interval, PPV: positive predictive value, NPV: negative predictive values, MAP: mean 
arterial pressure, SBP: systolic blood pressure. 
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