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Abstract

Background: Postoperative hypotension and hypoxaemia are common and often unrecognised.With intermittent nursing

vital signs,hypotensiveorhypoxaemic episodesmightbemissedbecause theyoccurbetweenscheduledmeasurements, or

because the process of taking vital signs arouses patients and temporarily improves arterial blood pressure andventilation.

We therefore estimated the fraction of desaturation and hypotension episodes that did not overlap nursing assessments

and would therefore usually be missed. We also evaluated the effect of taking vital signs on blood pressure and oxygen

saturation.

Methods: We estimated the fraction of desaturated episodes (arterial oxygen saturation <90% for at least 90% of the time

within 30 continuous minutes) and hypotensive episodes (MAP <70 mm Hg for 15 continuous minutes) that did not

overlap nursing assessments in patients recovering from noncardiac surgery. We also evaluated changes over time

before and after nursing visits.

Results: Among 782 patients, we identified 878 hypotensive episodes and 2893 desaturation episodes, of which 79% of the

hypotensive episodes and 82% of the desaturation episodes did not occur within 10 min of a nursing assessment and

would therefore usually be missed. Mean BP and oxygen saturation did not improve by clinically meaningful amounts

during nursing vital sign assessments.

Conclusions: Hypotensive and desaturation episodes are mostly missed because vital sign assessments on surgical

wards are sparse, rather than being falsely negative because the assessment process itself increases blood pressure and

oxygen saturation. Continuous vital sign monitoring will detect more disturbances, potentially giving clinicians time to

intervene before critical events occur.
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Editor’s key points

� Postoperative hypotension and hypoxaemia are

common and often unrecognised because nursing

vital sign determinations are intermittent.

� Continuous vital sign monitoring was used to esti-

mate the fraction of desaturation and hypotension

episodes that did not overlap nursing assessments

and would therefore usually be missed.

� Hypotensive and desaturation episodes were com-

mon and mostly occurred between routine nursing

vital sign determinations, which themselves did not

falsely elevate BP or oxygen saturation.

� More frequent, preferably continuous, vital sign

monitoring can detect haemodynamic and ventila-

tory disturbances more often and sooner, potentially

giving clinicians time to intervene to reduce critical

events, although further study is required to deter-

mine effect on outcomes.
More than 230millionmajor surgical procedures areperformed

annually worldwide.1 Families usually assume that the pa-

tients who safely reach the PACU have survived the most

dangerous part of their surgical experience. However, 30 day

postoperative mortality is a thousand times greater than pre-

ventable intraoperative mortality,2,3 with an overall incidence

ranging from 1.3% to 1.9%.4,5 In fact, if 30 day postoperative

mortality were a disease, it would be the third leading cause of

death in theUSA.6Two-thirdsof 30daypostoperativemortality

occurs during the initial hospitalisation, under direct medical

care in our highest-level facilities.

Most postoperative deaths are consequent to major

bleeding or cardiovascular complications.7 Respiratory deaths

are less common, but are of special interest because nearly all

are preventable. As might be expected from frequent cardio-

vascular and respiratory deaths, hypotensive and hypoxaemic

episodes on surgical wards are common, profound, and pro-

longed. For example, 20% of postoperative patients have at

least 15 continuous minutes with MAP <65 mm Hg,8 and a

third of postoperative patients have more than 1 contin-

uous hour with arterial oxygen saturation (SpO2) <90%.9

Even if not directly harmful, hypotensive or hypoxaemic

patients are fragile and presumably at risk for various

serious complications.

Vital signs are used to identify patients at risk, calculate

early warning scores,10 and activate emergency medical

teams.11 Vital sign abnormalities often identify potentially

correctable conditions that precede major complications and

deaths.12,13 Vital signs on surgical wards are usually assessed

manually by nurses at 4e8 h intervals.14,15 This system has

hardly changed over the last century, during which the acuity

of surgical patients has markedly increased. The current

approach is insufficient: vital sign monitoring at 4 h intervals

misses more than half of all patients who have MAP <65 mm

Hg for at least 15 min8 and 90% of the patients who have a

continuous hour of saturation <90%.9

However, it is not obvious why intermittent vital sign

monitoring misses so many clinically meaningful haemody-

namic and ventilatory disturbances. There are at least two

possible explanations. The first andmost obvious is simply that

many potentially important vital sign abnormalities occur
between scheduled nursing assessments. However, it is also

possible that the very process of taking vital signs incidentally

or intentionally arouses patients enough to transiently improve

BP and ventilation, essentially generating false-normal vital

signs, which then presumably rapidly return to previous

abnormal values. This mechanism is supported by the fact that

arousal from sleep induces changes in autonomic activation,

leading to transient increases in ventilation, BP, and HR.16,17

We therefore tested two co-primary hypotheses: (i) oxygen

desaturation andhypotensive episodes are frequentlymissedby

nursesbecause theyoccurbetween4hroutineassessments, and

(ii) the conventional process of obtaining vital signs arouses pa-

tients sufficiently to increase BP and oxygen saturation, leading

to transient false-normal values. Secondarily, we assessed the

extent to which hypoxaemia and hypotension coincide because

the combination is presumably riskier than either alone.
Methods

Ouranalysiswasbasedontwoprevious clinical trials. Bothwere

approved by the Institutional Review Board (IRB) at the Cleve-

land Clinic (Cleveland, OH, USA) and, with written consent,

included adults who had abdominal surgery lasting >2 h be-

tween February 2015 and September 2019. The first trial evalu-

ated the effect of i.v. acetaminophen on postoperative opioid-

related complications18; the second compared postoperative

pain management with bilateral transversus abdominis plane

blocks with continuous epidural analgesia (NCT029962270).

Vital signs, including BP and arterial oxygen saturation,

were continuously monitored for the initial 48e72 h while

patients remained hospitalised. Monitoring was restricted to

surgical wards and excluded critical care units. Continuous

monitoring was based on ViSi Mobile devices (SoteraWireless,

Inc., San Diego, CA, USA). The ViSi devices are small, battery

powered, and connected to secure wireless networks. Oxygen

saturation is measured by pulse oximetry, and continuous

noninvasive BP is estimated from pulse arrival time analysis.

Blood pressure is calibrated against standard arm-cuff oscil-

lometric measurement at least once every 24 h as per in-

structions; however, the device internally checks for drift

overtime and requests recalibration, as necessary. Such re-

quests were evident on our central monitoring platform, and

recalibration was performed as needed. Blood pressure reso-

lution is 1mmHgwith a reportedmean error < 5mmHg.19 The

ViSi system records vital signs every 15 s; we averaged four

readings and recorded values at 1 min intervals. The ViSi

screens were obscured and clinicians had no access to

continuous vital signs, which were stored in a research data-

base rather than in medical records.

Ward nurses at the Cleveland Clinic normally monitor vital

signs at 4 h intervals using conventional techniques, including

oscillometric BP. Vital signs are of course measured more

frequently when indicated. Because all caregivers were blin-

ded to ViSi measurements, clinical care was based only on

intermittent nursing assessments. The nurse assistants who

evaluated vital signs were trained and encouraged to enter

results manually into the electronic records after completing

each patient. However, in practice, many would complete vital

sign assessments for several patients, and then enter values

into the records. In such cases, nurses recorded an approxi-

mate time that was presumably within minutes of the actual

assessment time. We therefore considered recorded times as

approximate and used a 10 min window before and after

recorded time in our analyses.
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Fig 1. Timeline of the continuous monitoring data. To be included in our evaluation of the effects of nursing assessments on vital signs,

MAP needed to be <70 mm Hg and saturation needed to be <90% during the 10 min reference window extending from 5 to 15 min before

nursing assessments. We thereafter considered 5 min windows starting 5 min before nursing assessments.
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Statistical analysis

The statistical analysis plan was developed a priori and was

included in our IRB submission. All analyses were exclusively

based on continuous BP and saturation from the ViSi Mobile

monitors, thus avoiding any comparisons across monitoring

systems. We also restricted our analysis for the period be-

tween ward admission and 72 h postoperatively while satu-

ration and BP were continuously monitored.

For our first primary analysis, we assessed the fraction of

hypotensive and desaturation episodes that were not adjacent

to or overlapping with nursing vital sign assessments. Hypo-

tensive episodes were defined by MAP <70 mm Hg for at least

15 consecutive minutes. Pulse oximetry data are intrinsically

highly variable. In a previous analysis, we used time-weighted

averaging when identifying the durations of desaturations at

various thresholds.9 However, averaging distorts the onset

and end of periods, thus masking exact durations. In this

analysis, we therefore instead defined desaturation episodes

as having at least 90% oxygen saturation measurements <90%
saturation within 30 continuous minutes (e.g. desaturation

during at least 27 of 30 min). A similar definition of 90% of the

time was used previously for hypotension prediction using

machine learning methods.20

The range of our ViSi MAP data was 45e185 mm Hg and

abrupt changes were rare. Only few artifacts were identified by

the following rules: (i) systolic BP �300 or systolic BP �20 mm

Hg; (ii) systolic BP � diastolic BPþ5 mm Hg; (iii) diastolic BP �5

mm Hg or diastolic BP �225 mm Hg; and (iv) abrupt changes

defined by systolic BP change �40 mm Hg within 1min, or

abrupt systolic BP changes �80 mm Hg within 2min in both

directions. Amongst all recorded ViSi SpO2 values, 99% were

between 82% and 100%. Using the R package ‘forecast’ (R

Foundation for Statistical Computing, Vienna, Austria), po-

tential artifacts of SpO2 data were identified and replaced by

predicted values of tsoutliers function.21

We identified all desaturation and hypotension episodes

detected by continuous monitoring, and then the percentage

of those episodes that finished at least 10 min before the

recorded nurse assessment or started at least 10 min there-

after. The 10 min window was included because vital signs
actually take at least a few minutes to obtain and because the

recorded times may not have been precise. We did not limit

our analysis to every 4 h scheduled assessment, but we also

included any additional clinician-initiated assessments. We

used generalised estimating equation models to adjust for

within-subject correlation (autoregressive 1 covariance ma-

trix). The result is the percentage of hypotensive and desatu-

ration episodes that were presumably missed by routine

intermittent nursing vital sign assessments.

In our second primary analysis, we assessed whether the

process of obtaining vital signs is associated with arousal and

a corresponding increase in abnormally low BP and oxygen

saturation. We initially identified episodes in the continuously

monitored data that occurred 5e15 min before nurse assess-

ments and met at least one of the following criteria: (i) hypo-

tension defined by average MAP <70 mm Hg, or (ii)

desaturation defined by average SpO2 <90%.

We thereafter considered successive 5 min windows

starting 5 min before the recorded time of nursing assessment

(Fig. 1). We then tested whether changes over time in the

outcome variables were interrupted when an overlapping

nursing visit occurred. We used mixed-effect models with

repeated measures to estimate the change from the period of

abnormal vital signs; after nurses’ visit, autoregressive 1 ma-

trix was used to adjust for within-subject correlation.

In our secondary analysis, we assessed the extent to which

hypoxaemia (saturation <90%) and hypotension (MAP <70mm

Hg) coincided by (i) estimating the number of patients who

experienced any hypotension or desaturation during the study

period, and summing the cumulativeminutes for each patient;

(ii) estimating the number of patients who experienced hy-

potension and hypoxaemia simultaneously, and summing the

cumulative overlapping time per patient; and (iii) dividing the

simultaneousminutes of hypotension and desaturation by the

total number of minutes with either.

On an exploratory basis, we planned to estimate how long it

takes abnormal BPs and saturation to return to baseline in

response to arousal resulting from nursing vital sign assess-

ments. We planned to use KaplaneMeier analysis of time to

event and to estimate the standard error of themedian time to



Table 1 Patient characteristics. Summary statistics are presented as means (standard deviation) and N (%). *Missing data: N¼1.

Factor Hypotension (N¼163) Desaturation (N¼291)

Patient characteristics
Age (yr) (%) 49 (17) 55 (14)
Female (%) 107 (66) 149 (51)
BMI (kg m�2) (%) 26 (5) 29 (6)*
ASA physical status (%)
1 2 (1) 2 (1)
2 54 (33) 99 (34)
3 103 (63) 183 (63)
4 4 (3) 7 (2)

Medical history
Current smoker (%) 16 (9.8) 46 (16)
Obstructive sleep apnoea (%) 13 (8.0) 38 (13)
Chronic pulmonary disease (%) 10 (6.1) 22 (7.6)
Asthma (%) 25 (15) 31 (11)
Myocardial infarction (%) 5 (3.1) 9 (3.1)
Ischaemic heart disease (%) 9 (5.5) 11 (3.8)
Neurological diseases (%) 14 (8.6) 25 (8.6)
Chronic pain requiring opioid (%) 19 (12) 40 (14)
Current recreational drug user (%) 5 (3.1) 12 (4.1)
Alcohol abuse (%) 6 (3.7) 12 (4.1)
Cancer (%) 40 (25) 107 (37)
Diabetes mellitus (%) 17 (10) 40 (14)
Interstitial lung disease (%) 44 (27) 129 (45)
Hypertension (%) 11 (6.7) 13 (4.6)
Arrhythmia (%) 16 (9.8) 46 (16)

Pre-/intraoperative information
Preoperative home oxygen (%) 1 (0.6) 2 (0.7)

Type of surgery
Colorectal (%) 150 (92) 246 (92)
Gynaecological (%) 6 (4) 15 (5.6)
Bariatric (%) 1 (0.6) 0 (0.0)
Urological (%) 1 (0.61) 6 (2.2)
Other (%) 5 (3) 19 (6.5)

Anaesthesia type
General (%) 117 (72) 213 (73)
Generalþregional (%) 46 (28) 78 (28)
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return to normal values using bootstrap resampling, with

replacement, to account for within-subject correlation

amongst repeated episodes.
Sample size justification

We planned to use all available patients, including at least 800

patients with continuous monitoring. We expected at least

20% of patients to have at least one episode of each of hypo-

tension and desaturation detected by continuous moni-

toring.8,9 With approximately 160 episodes of either one, we

would be able to estimate a confidence interval (CI) for the

proportion of episodes not detected by nurses with adequate

precision. For example, for a proportion of 0.5, 0.75, or 0.9, a
Table 2 Primary analysis 1: hypotension and desaturation episodes
hypotension or desaturation are 163 and 291, respectively. *The esti
alised estimating equation model adjusted for within-subject correl

Vital sign Total episodes Presumably mi

Hypotension 878 697 (79%)
Desaturation 2893 2384 (82%)
95% CI would have widths of 0.16, 0.14, and 0.10, respectively.

In our observed results, the denominator was a bit larger for

each, andmany patients hadmultiple events (163 patients and

878 hypotension events; 291 patients and 2893 desaturation

events). Therefore, our actual precision was much better than

planned, with a 95% CI width of 0.06 for hypotension and 0.03

for desaturation, both after accounting for within-subject

correlation.

For comparing mean MAP (N¼81 patients; 171 episodes)

and mean SpO2 (N¼259 patients; 628 episodes) from before to

after nursing assessment, we had 90% power to detect quite

small changes, even considering only a single measurement

per patient: 2 mm Hg in MAP (assuming standard deviation

[SD]¼6) and 1% in SpO2 (assuming SD¼5).
missed by nurses. Total patients with at least one episode of
mate and confidence interval (CI) were estimated from a gener-
ation (autoregressive 1 covariance matrix).

ssed by intermittent monitoring Estimate* (95% CI)

79% (77%; 82%)
83% (81%; 84%)



Table 3 Primary analysis 2: BP and saturation values before and after nursing assessments, restricted to episodes during which pa-
tients were previously hypotensive or desaturated. Summary statistics are presented as means (standard deviation) of continuous
measurements. *There were 81 patients who had a total of 171 episodes during which they were hypotensive before nursing as-
sessments. There were 259 patients who desaturated and had a total of 628 episodes during which they desaturated before nursing
assessments. yDifference in means (95% confidence interval [CI]) was estimated from the linear mixed-effect model with repeated
measurements and represented as each 5-min time block (starting from 5 min before assessment with increments of 5 min until 30
min after assessment)minus the reference (15e5min before assessment). Least squaresmean (standard error [SE]) was estimated from
the model. P-values <0.05 were considered statistically significant.

Time to/from nurse assessments (min) Summary
statistics

Least squares
meany (SE)

Difference in means*
(5 min block - reference) (95% CI)

P-
value

Mean arterial pressure (mm Hg)*
Before assessment
15e5 (reference) 66 (3) 66 (0.5) Reference
5e0 66 (4) 66 (0.5) 0.4 (e0.7; 1.6) 0.452

After assessment
0e5 66 (5) 66 (0.5) 0.5 (e0.8; 1.8) 0.454
5e10 67 (6) 68 (0.5) 1.7 (0.3; 3) 0.018
10e15 67 (6) 67 (0.5) 1.4 (0.04; 2.8) 0.044
15e20 68 (6) 68 (0.5) 1.9 (0.5; 3.3) 0.007
20e25 68 (7) 68 (0.5) 2 (0.6; 3.3) 0.006
25e30 68 (6) 68 (0.5) 2 (0.6; 3.4) 0.005

Saturation (%)*
Before assessment
15e5 (reference) 87 (3) 87 (0.2) Reference
5e0 87 (3) 88 (0.2) 0.7 (0.5; 0.9) <0.001

After assessment
0e5 88 (4) 89 (0.2) 1.5 (1.3; 1.8) <0.001
5e10 89 (4) 89 (0.2) 2 (1.7; 2.3) <0.001
10e15 89 (4) 89 (0.2) 2 (1.7; 2.3) <0.001
15e20 89 (4) 89 (0.2) 2 (1.7; 2.3) <0.001
20e25 89 (4) 89 (0.2) 2.1 (1.8; 2.3) <0.001
25e30 89 (4) 89 (0.2) 2.2 (1.9; 2.4) <0.001
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All analyses were performedwith SAS software, version 9.4

(SAS Institute, Cary, NC, USA) and R 3.4.1 software (Institute

for Statistics and Mathematics, Vienna, Austria).
Results

Ward vital signs were continuously monitored in 928 patients

enrolled in the underlying trials. Amongst them, 782 provided

useful ward monitor data and were included in our analysis.

The average duration of monitoring was (mean [SD]) 46 [16] h.

Demographic characteristics, comorbidities, and surgical and

anaesthetic data are presented in Table 1 for patients in whom

hypotension or desaturation were detected.
Presumably missed hypotensive and desaturation
events

We identified 163 patients who had 878 hypotension episodes

of MAP <70 mm Hg lasting at least 15 consecutive minutes,

and 291 patients with 2893 episodes of SpO2 <90% for at least

90% of 30 min. Amongst the 878 hypotensive episodes, 697

(79%) were not within 10 min of nursing assessments, with

estimated 95% CIs of 77e82%. Amongst 2893 desaturation

episodes, 83% were not within 10 min of nursing assessments,

with estimated 95% CIs of 81e84% (Table 2).
Effect of nursing vital sign assessments

We identified 81 patients who had 171 episodes during which

MAP was <70 mm Hg between e15 and e5 min before nurse
assessments. The mean MAP during the e15 to e5 min win-

dow did not improve significantly within the first 5 min after

nurses obtained vital signs, with a difference in means of only

0.5 (95% CI: e0.8 to 1.8) mm Hg; P¼0.45. During each of the

subsequent consecutive five windows from 5 min after inter-

ruption to 30 min, there was a significant z2 mm Hg increase

in mean MAP, an amount that is not clinically meaningful.

Furthermore, the average MAP remained <70 mm Hg 30 min

after nursing assessments (Table 3; Fig. 2). Individual contin-

uousMAP values presented in the spaghetti plots did not show

any meaningful increase in BP before or after the estimated

time of nurse assessment (Supplementary Fig. 1).

We identified 259 patients who experienced 628 episodes

with SpO2 <90% during the window of e15 to e5 min before

nurse assessments. As with hypotension, there was a signifi-

cant z2% increase in saturation over the 30 min after nurses

assessed vital signs, an amount that is not clinically mean-

ingful. Furthermore, average saturation remained <90% 30

min after vital signs were assessed by nurses (Table 3; Fig. 2).

The spaghetti plots with individual minute-by-minute oxygen

saturation values before and after the estimated time of nurse

assessment did not show any meaningful increase in oxygen

saturation (Supplementary Fig. 2).
Secondary analysis

For the secondary analysis, we included 747 patients who had

continuousMAP and SpO2 measurements. Amongst them, 360

(48%) have at least 1 min with MAP <70 mm Hg, and the me-

dian (inter-quartile range [IQR]) of cumulative time was 29
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[5e149] min. There were 622 (83%) patients who had at least 1

min with saturation <90%, and themedian [IQR] of cumulative

desaturation duration was 138 [22e482] min.

Only 104 (14%) patients had at least 1 min during which

they simultaneously experienced hypotension and desatura-

tion, and the median duration of concomitant hypotension

and desaturation was 8.5 [2e31] min, accounting for 5% (4661/

100, 281 min) of the hypotensive or desaturated minutes.

Amongst 307 patients with both hypotension and desatura-

tion, the two overlapped 2.9% (4661/163, 442 min) over the

entire monitoring period. Amongst all 747 continuously

monitored patients, hypotension and desaturation occurred

together 1.7% (4661/273, 287 min) over the total period. Hypo-

tension and desaturation therefore rarely coincided.
Discussion

Hypotension and desaturation on surgical wards are each

common,8,9 and there is considerable evidence that abnormal

vital signs precede critical events by minutes to hours.22e25

Ward hypotension is associated with myocardial infarction26

and is the most common reason to activate rapid response

teams.27 Furthermore, continuous pulse oximetry monitoring

may reduce activation of rapid response teams and decreases

transfer to ICUs.28 Detection of patient instability therefore is

likely to facilitate clinical interventions and prevent serious

deterioration. It is thus of considerable interest to determine

why abnormalities are so often missed with a routine inter-

mittent vital sign schedule.8,9
More than two-thirds of clinically meaningful hypotensive

and desaturation episodes occurred outside of the 10 min

window around when nurses assessed vital signs. As much as

79% of hypotensive episodes were presumably missed by

nurses, as they occurred between their regular assessments at

4 h intervals and any other assessments that were deemed

necessary. As with hypotension, nurses presumably missed

82% of desaturation episodes, as they occurred between

scheduled assessments at 4 h intervals and clinician-initiated

interval assessments. Taken together, four-fifths of hypoten-

sive and desaturation episodes were missed simply because

they occurred between nursing assessments. To the extent

that hypotension and desaturation are considered clinically

meaningful, the only apparent solution is more frequent vital

sign assessments, preferably continuously.

The fraction of missed episodes that we report is highly

context specific. For example, we defined hypotensive epi-

sodes as MAP <70 mmHg sustained for at least 15 consecutive

minutes; desaturation was defined by SpO2 <90% for at least

90% of 30 consecutiveminutes. Most clinicians would consider

each to be clinically meaningful in most patients, at least to

the extent of identifying fragile patients who have little

reserve. Although intraoperative MAP �65 mm Hg is associ-

ated with kidney and myocardial injury,29 there is no clear

postoperative harm threshold. However, based on metabolic

rate being 30% lower than normal during anaesthesia, we as-

sume that postoperative harm thresholds are higher.30 We

therefore selected MAP 70 mm Hg as our threshold for this

analysis. Furthermore, Liem and colleagues31 evaluated
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various postoperative harm thresholds and concluded that

postoperative hypotension is associated with myocardial

injury whenMAP is<75mmHg, a conclusion that supports our

selection of a 70 mm Hg threshold. There would be fewer ep-

isodes if we required more extreme hypotension or desatu-

ration, and there would be more overlap with nursing

assessments if the required duration was longer. Conversely,

there would be less overlap if vital signs were measured at

intervals exceeding 4 h, which remains common.

We also considered the possibility that the process of

nurses assessing vital signs stimulates patients enough to

increase their BP and oxygen saturation, thus generating

transient false-normal values. To address this issue, we

restricted this analysis to patients who were hypotensive or

desaturated shortly before nursing assessments. In fact, there

were no clinically meaningful increases in either BP, which on

average remained <70 mm Hg throughout the subsequent

half-hour, or in oxygen saturation, which remained <90%.

Nursing vital sign assessment actually takes at least a few

minutes; furthermore, we cannot be sure that the recorded

times are accurate based on themanual entry system that was

available at the timeof the trials.We therefore alloweda10min

windowaround the recorded times to avoid overestimating the

fraction ofmissed hypotensive and desaturation episodes. The

same limitation applied to our analysis of arousal attributable

to the process of obtaining vital signs. Consequently, the actual

assessment times were surely sometimes shortly before or

shortly after the recordedassessment times.However,minute-

by-minute individual results presented in the supplemental

spaghetti plots make it clear that there were not even brief

meaningful increases inBPor saturationbefore, during, or after

nursing assessment, which confirm our results regardless of

the exact timing of nurse visits. Nurse assessments, which

continued at night, presumably frequently required waking

patients. Awakening usually provokes an increase in BP and

better ventilation in a non-operative context, but did not in our

patients. It is possible that opioids, which most postoperative

patients take to control surgical pain, blunted the expected

response to awakening.

Our results are consistent with previous studies that eval-

uated potential effects of nursing assessments on vital signs.

Taenzer and colleagues32 studied the arousal effect on SpO2 in

16 high-risk patients who had prolonged desaturation. They

also found that oxygen saturation remained essentially un-

changed before and after nursing assessments. Tomlinson and

colleagues33 evaluated 271 patients, and similarly concluded

that oxygen saturation, HR, and ventilatory frequency

remained essentially unchanged after nursing vital sign as-

sessments. There do not appear to be analogous previous data

for BP. Available evidence thus suggests that the process of

taking vital signs, whichmight reasonably have been expected

to at least improve saturation, does not in factmuch alter BP or

saturation. The problem with intermittent vital signs is there-

fore not that the process of making the assessments produces

false-normal values; instead, the problem is that assessments

are sparse. In effect, hospitals continue to use a system for

monitoring ward patients that was designed a century ago and

never adapted to the much higher acuity that is now typical

amongst hospitalised patients, and that fails to take advantage

of available continuous monitoring technology.

The combination of hypoxaemia and hypotension is pre-

sumably especially deleterious, as such episodes will mark-

edly reduce oxygen delivery to critical organs. Interestingly,

and somewhat surprisingly, we only rarely observed
hypotension and desaturation coinciding. Thus, although

each abnormality was fairly common, they rarely co-occurred,

perhaps because hypotension and desaturation are usually

generated via different mechanisms.

The Sotera system is approved by the US Food and Drug

Administration and, according to the manufacturer, is

reasonably reliable. Oscillometric BPs are considerably less

accurate than generally believed, and overestimate low and

underestimate high BPs, thus potentially missing both hypo-

tension and hypertension.34,35 We therefore intentionally

avoided comparisons between continuous and intermittent BP

and saturation measurements, especially for BP, as the ViSi

device uses a non-oscillometric technique.

Salmasi and colleagues,29 Mascha and colleagues,36 and

others31,37 have previously reported associations between

hypotension, death, and myocardial and renal injury in far

larger populations. Our current analysis was restricted to 782

patients in whom we had continuous BP and oxygen satura-

tion measurements. Although perfectly adequate to address

our questions, this number of patients was insufficient to

reliably assess outcomes. Furthermore, our analysis was on a

per-episode basis, whereas an outcome analysis would require

a per-patient analysis. We therefore made no attempt to

evaluate associations between hypotension and serious com-

plications, which would add little to previous analyses.

As with any study, our results strictly apply to the patients

we included. About two-thirds of our patients were designated

ASA physical status 3 or greater, and all had major surgery.

Generally, healthy patients having smaller procedures would

presumably have less ward hypotension and desaturation.

Each of our design factors, including the high-risk popula-

tion, predefined thresholds, and episode durations, influenced

the number of hypotensive and desaturated episodes we

observed and the fraction detected by routine nursing vital

sign assessments. However, none is likely to change our

overall conclusion that much clinically meaningful instability

is missed because routine vital sign assessments are inter-

mittent and that only continuous vital sign monitoring will

detect most events.

In summary, hypotensive and desaturation episodes were

common and mostly occurred between routine 4-hourly

nursing vital sign determinations. In contrast, the assess-

ment process did not falsely elevate BP or oxygen saturation.

Episodes were therefore mostly undetected because vital sign

assessments on surgical wards are sparse, rather than being

falsely negative because the assessment process itself in-

creases BP and oxygen saturation. More frequent, preferably

continuous, vital sign monitoring will detect more haemody-

namic and ventilatory disturbances, and detect them earlier,

potentially giving clinicians time to intervene before critical

events occur.
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