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A B S T R A C T

Study Objective.
Reliably identifying patients at risk for postoperative respiratory depression (RD) remains an unmet need. We

hypothesized that defined low minute ventilation events (LMVe) near the end of the post-anesthesia care unit
(PACU) stay identifies patients at RD risk on the general hospital floor (GHF).
Design: Prospective observational study.
Setting: Tertiary care, urban academic medical center. PACU and GHF during the first postoperative night.
Patients: One hundred-and-nineteen adult, ASA I – III patients undergoing elective surgery under general an-
esthesia completed the study.
Interventions: Data collection from a non-invasive respiratory volume monitor and the patients' medical record
perioperatively through the first postoperative night.
Measurements: Minute ventilation (MV), tidal volume (TV) and respiratory rate (RR) were measured con-
tinuously in the PACU and on the GHF. MV was counted as the percent of individual predicted MV (MVPRED), and
RD was defined as ≥1 LMVe/h on the GHF. Based on the number of LMVes within 30min before PACU dis-
charge, patients were grouped into A, ‘Not-At-Risk’: 0 LMVe and B, ‘At-Risk’: ≥1 LMVes. Unpaired t-test, Mann-
Whitney U test, ANOVA, Kruskal-Wallis test, Fisher's exact test, sensitivity and specificity and ROC curve ana-
lyses were applied as appropriate.
Main results: One hundred-and-six (89%) and 13 (11%) patients met Group A and B criteria respectively. The
latter had more LMVe/h on the GHF (median 0.81 vs 0, p≤ 0.001), and their MVPRED was significantly less.
Following opioid administration, the LMVe likelihood was 43% in Group B and 5.6% in Group A. As a predictor
for RD on the GHF, the number of LMVe in the last 30min of PACU, had positive and negative predictive values
of 61.5% and 90.6%, respectively.
Conclusion: Minute ventilation assessment in the PACU as described in this study can be useful to identify pa-
tients at risk for postoperative respiratory depression.

1. Introduction

Objective and easy to obtain parameters to determine the risk of
developing respiratory depression have remained elusive. An unmet
need exists for an objective monitoring option in the risk assessment for
respiratory depression postoperatively and following the administration
of opioids. The latter are commonly used postoperatively and con-
tribute to respiratory depression in susceptible patients, and multiple
terms including “Opioid-Induced Respiratory Depression” (OIRD) have
been introduced. The Joint Commission on Hospital Accreditation

identified OIRD as a “safety target” and the “main hazard of opioid use”
and therefore recommended additional monitoring for patients re-
ceiving opioids [1]. However, standard physiologic monitors including
pulse oximetry may not be useful for risk assessment and only capture
the late stages of respiratory depression [2–4]. Clinical assessment and
the use of risk scores such as the STOP-Bang score or a diagnosis of
obstructive sleep apnea appear limited in their ability to predict post-
operative respiratory depression [5]. Currently there are no universally
agreed upon objective parameters of respiratory mechanics that define
respiratory depression. However, an increased rate of defined low
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minute ventilation events and decreased predicted minute ventilation
are reasonable and relevant components that may characterize re-
spiratory depression of any etiology. A Food and Drug Administration-
approved, impedance-based, non-invasive respiratory volume monitor
(RVM) is now available to continuously measure minute ventilation
(MV), tidal volume (TV) and respiratory rate (RR) in non-intubated
patients. The RVM provides real-time continuous respiratory volume
metrics when tested against spirometry and ventilator measurements,
with 90% accuracy for MV and TV, and 98% accuracy for RR [6,7]. The
RVM data allow distinguishing between respiratory volumes associated
with hypoventilation [8], versus obstructed breaths [6]. We conducted
a prospective observational cohort study using the RVM and employed
predetermined threshold MV parameters to detect respiratory depres-
sion. We hypothesized that the presence of defined low minute venti-
lation events (LMVe) near the end of post-anesthesia care unit (PACU)
stay can identify patients at risk for respiratory depression post-
operatively following discharge to the general hospital floor (GHF).

2. Materials and methods

2.1. IRB and consent

This prospective, observational study was approved by the Tufts
Health Sciences Institutional Review Board at Tufts Medical Center, and
all subjects provided written informed consent before enrollment.

2.2. Experimental design

Patients were monitored with an impedance-based RVM (ExSpiron,
Respiratory Motion, Inc., Waltham, MA). Continuous respiratory data
(MV, TV, and RR) were collected via a three-electrode PadSet placed on
the patient's chest. Inclusion criteria were adults weighing≥ 80
pounds, ASA physical status classification I–III presenting for elective
surgery under general anesthesia with positive pressure ventilation.
Patients whose condition or procedure would interfere with electrode
placement were excluded. Clinical and research personnel were blinded
to the RVM measurements during the study.

RVM data collection started preoperatively and continued during
surgery, throughout the PACU stay, and for the first post-operative
night (PON1) on the GHF. Additional data collected included patient
demographics, anthropometrics, STOP-Bang scores, procedure type,
diagnosis, OSA diagnosis, ASA physical status classification, medical
history, and current medications used. A previous diagnosis of OSA was
recorded if the patient stated having been diagnosed by formal testing
(Polysomnography), however written confirmation of OSA and its se-
verity was not available for all patients. Opioids administered pre- and
intra-operatively, in the PACU, and on the GHF were also recorded. A
balanced anesthetic technique using volatile inhalational anesthetics
and neuromuscular blockade was employed according to the anesthesia
team's preference and could include midazolam, propofol, ketamine
and opioids (fentanyl, hydromorphone, oxycodone, and morphine) as
needed. Total opioids administered intraoperatively, in the PACU, and
the GHF were converted to morphine milligram equivalents (MME) and
normalized by patient body weight [9]. Times from start and end of
surgery, PACU enter and end time, and GHF enter and end of study time
were collected.

2.3. Data and statistical analysis

Minute Ventilation was expressed as a percent of each patient's
predicted MV (MVPRED), calculated based on the patient's body surface
area and sex [10,11]. A low MV event (LMVe) was defined as a ≥2min
period of MV < 40% MVPRED. Minute ventilation<40% MVPRED was
chosen as a parameter based on the Acute Respiratory Distress Syn-
drome network (ARDSnet) protocol for successful extubation [8,12].
LMVe rate was calculated as the total number of LMVe divided by the

duration of monitoring. Apnea was defined as a respiratory pause of
30 s or longer.

Based on respiratory parameters assessed within the last 30 min
prior to PACU discharge, patients were categorized as follows: Group A,
Not-At-Risk for respiratory depression: defined as 0 LMVe and Group B,
At-Risk for respiratory depression: defined as ≥1 LMVes. For the pur-
pose of this study, the outcome of respiratory depression was defined as
≥1 LMVe/h on the GHF. The study hypothesis was that ≥1 LMVe
within 30min of PACU discharge predicts respiratory depression on the
GHF.

We calculated the sensitivity, specificity, negative predictive values
(NPV), and positive predictive values (PPV) of this classification
method to identify patients who experienced a high rate of LMVe (i.e.,
≥1 LMVe/h) on the GHF. Further, within each group we identified
patients who did and did not receive IV opioids on the GHF (hydro-
morphone). We compared the likelihood for these opioids to be asso-
ciated with a subsequent LMVe as well as the overall rate of LMVe on
the GHF between these subgroups.

The Lilliefors test was used to determine distribution of the data. For
normally distributed data the unpaired t-test was conducted for inter-
group comparisons, and the Mann-Whitney U test was employed for not
normally distributed data. ANOVA was utilized for 4-group compar-
isons (i.e., Groups A and B subdivided by GHF IV opioids) for normally
distributed data, and the Kruskal-Wallis test was applied for data that
was not normally distributed. The Fisher's exact test was performed for
categorical variables as appropriate. Data are presented as mean ± SD
for normally distributed data, and as median and interquartile range for
non-normally distributed data. All analyses were performed in Matlab
2014b (MathWorks, Natick, MA). Results were considered statistically
significant at a p < 0.05.

We performed a post-hoc analysis of the ability of five additional
parameters to predict respiratory depression (≥1 LMVe/h) on the GHF.
The average MV over the last 30min in PACU was calculated and pa-
tients with average MV below a chosen threshold were identified as “at-
risk.” This threshold value was varied from 40% to 100% of MVPRED in
order to generate a receiver operating characteristic (ROC) curve and
identify the optimal sensitivity and specificity. We also examined the
ROC curve for the combination of MVPRED below a threshold (< 40%)
and ≥1 LMVe/h within 30min of PACU discharge as a predictor and
also tested thresholds for age (≥50, ≥60, and ≥70 years), BMI (≥30,
≥35, ≥40, and ≥45 kg/m2) and STOP-Bang score (≥5).

3. Results

One hundred-and-fifty patients were recruited, of which 31 did not
complete the study. Specifically, 14 patients withdrew early, 7 patients
stayed in the PACU overnight and were excluded from the data analysis,
and 10 patients had technically inadequate RVM data. Therefore, data
of 119 patients were available for the analysis. Baseline clinical char-
acteristics, monitoring parameters and opioid consumption are pre-
sented in Table 1. Patients underwent a variety of procedure types in-
cluding orthopedic (n=19, knee and hip replacements), gynecologic
(n=30, total abdominal hysterectomies; bilateral salpingo-oophor-
ectomies, laparoscopic supracervical hysterectomies, sarcocervico-
pexies, robotic assisted total hysterectomies), bariatric (n=56, la-
paroscopic sleeve gastrectomies and one gastric bypass) and
miscellaneous general surgical cases (n=14, prostatectomies, color-
ectal surgeries, cholecystectomy, hernia repairs, femoral-femoral by-
pass grafting) (Table 1). The proportion of patients with a positive OSA
diagnosis was not statistically significantly different (P=0.143, Fish-
er's exact test) between Group A and Group B.

Table 2 summarizes the LMVe and MV data. The LMVe rate was
substantially lower in Group A compared to Group B in both the PACU
(median of 0 LMVe per hour in Group A vs. median of 0.81 LMVe per
hour in Group B, P < 0.001) and on the GHF (median of 0 LMVe per
hour vs. 1.56 LMVe per hour in Group B, P < 0.001) (Table 2). In
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Group A, 70% (n=74) had no LMVe on the GHF and 98.2% of GHF
monitored time was LMVe-free. While not different in the PACU, the
LMVe duration was significantly longer in Group B on the GHF
(P=0.048). The percent of MVPRED was significantly less in Group B in
the PACU and this difference between groups increased during the stay
on the GHF (P=0.004 and P < 0.001, respectively).

Fig. 1 compares the rate of LMVe for patients in Group A and Group
B. Group B patients experienced a significantly higher rate of LMVe
compared to Group A patients in both the PACU (P < 0.001) and the
GHF (P < 0.001, Fig. 1A). Fig. 1B shows the distribution of the LMVe

rate over time during the stay on the GHF with a peak between 6 and
8 h following GHF arrival. Fig. 2 demonstrates the differences in
achieved MVPRED between groups on the GHF. The MV of patients in
Group A was significantly higher in both the PACU (P=0.004) and the
GHF (P < 0.001) (Fig. 2A). Group B patients demonstrated a con-
sistently lower MV throughout their monitored time on the GHF
(Fig. 2B).

Group A and B patients received a similar total dose of opioids intra-
operatively, in the PACU, and on the GHF (Table 1). Further, both
groups had a similar likelihood to receive IV opioids while on the GHF
(Group A: 45/109 vs. Group B: 6/11; P=1.0, Fisher's exact test). An
LMVe was observed within 30min of administration in 3.4% and 44.4%
of the total IV opioid doses administered in Group A and Group B, re-
spectively (Table 4, Fisher's exact test, P < 0.001). These data corre-
spond to an odds ratio to experience a LMVe after an opioid in Group B
of 13.2. In the cohort that did not receive IV opioids on the GHF, Group
B had six times more LMVes/h compared to Group A (P < 0.001).
Within each group, IV opioid administration on the GHF did not in-
fluence the hourly LMVe rate (Table 3).

We assessed the sensitivity, specificity, negative predictive values
(NPV), and positive predictive values (PPV) of our PACU LMVe
threshold to identify patients who experienced a high rate of LMVe (i.e.
≥1 LMVe/h) on the GHF (Table 4). The classification method had a
high PPV (61.5%) to identify patients who will have a high rate of
LMVe on the GHF as well as a high NPV (90.6%) identifying patients
that will have a small number of LMVe on the GHF.

The results of the post-hoc analysis for additional parameters to
predict respiratory depression in this population are shown in Fig. 3. A
threshold value of 70% MVPRED yielded an optimal balance of sensi-
tivity (55.6%) and specificity (81.2%). Combining ≥1 LMVe in the last
30min of the PACU with 70% MVPRED resulted in slightly improved
sensitivity (66.7%) and similar specificity (80.2%). Classifying patients
based on age, BMI, and STOP-Bang score yielded predictors with ROC
curves similar to the performance of a random parameter.

4. Discussion

In this observational cohort study, we applied a respiratory volume
monitor (RVM) in the immediate perioperative period that accurately
measures MV, TV, and RR to identify a subset of patients that may be
susceptible to postoperative respiratory depression following recovery
room discharge. Adapted from prior data, we defined patients that
experienced at least one low minute ventilation event (LMVe,< 40%
MVPRED for ≥2min) within 30min of recovery room discharge as ‘at-
risk’ for subsequent respiratory depression on the general hospital floor
[5]. This parameter identified 11% of our participants who not only had
a significantly higher rate of LMVes in the recovery room, but also on
the hospital floor compared to the majority of 89% of patients who did
not exhibit this parameter. In ‘at-risk’ patients the hourly LMVe rate
increased on the GHF with a maximum occurrence at approximately

Table 1
Patient characteristics, monitoring durations, Total Morphine Milligram
Equivalents administered by hospital location, adjusted to patient body weight
and procedure types.

Population Group A Group B P-Value

N (%) 119 106 (89%) 13 (11%) –
Males/females 18/111 10/96 8/5 –
Weight, kg 100.9 (30.1) 100.8 (29.8) 101.9 (33.8) 0.903 [1]

Height, cm 164.9 (9.5) 163.7 (8.6) 174.4 (11.3) < 0.001 [1]

BMI, kg/m2 37.0 (10.0) 37.4 (10.0) 33.1 (9.3) 0.141 [1]

Age, years 50.9 (13.6) 50.0 (13.6) 58.0 (12.0) 0.044 [1]

OSA diagnosis (%) 25 (21%) 20 (19%) 5 (38%) 0.143 [2]

STOP-Bang score 3 [2–4] 3 [2–4] 4 [2–6] 0.281 [3]

STOP-Bang≤ 2 38 (32%) 35 (33%) 3 (23%) 0.644 [2]

STOP-Bang 3–4 54 (45%) 48 (45%) 6 (46%)
STOP-Bang≥ 5 27 (23%) 23 (22%) 4 (31%)
OSA diagnosis and

STOP-Bang≥ 5
18 (15%) 14 (13%) 4 (31%) 0.109 [2]

OSA diagnosis or
STOP-Bang≥ 5

34 (29%) 29 (27%) 5 (38%) 0.516 [2]

DOM PACU, hours 3.3 [2.4–4.6] 3.2 [2.4–4.4] 4.3 [2.8–5.9] 0.261 [3]

DOM GHF, hours 12.1
[6.7–14.2]

12.0
[6.2–14.1]

13.2
[9.0–14.7]

0.421 [3]

Intraoperative
opioids, MME/
kg

0.30
[0.19–0.45]

0.29
[0.18–0.44]

0.37
[0.23–0.53]

0.240 [3]

PACU opioids,
MME/kg

0.08
[0.03–0.15]

0.08
[0.03–0.14]

0.12
[0.07–0.16]

0.240 [3]

GHF opioids, MME/
kg

0.17
[0–0.31]

0.17
[0–0.30]

0.17
[0–0.36]

1.0 [3]

Procedure duration,
hours

1.6 [1.1–2.5] 1.6 [1.1–2.4] 2.0 [1.1–3.8] 0.241 [3]

Procedures N=119 N=106 N=13 –
Orthopedic 19 16 3 –
Gynecologic 30 28 2 –
General 14 10 4 –
Bariatric 56 52 4 –

Group A, no Low Minute ventilation event (LMVe) within 30min of PACU
discharge. Group B, ≥1 LMVe within 30min of PACU discharge.
OSA=Obstructive Sleep Apnea; DOM=Duration of Monitoring;
MME=Total Morphine Milligram Equivalents. Data presented as means (SD)
or as median [Q1-Q3]. P-values were calculated using unpaired t-test[1],
Fisher's exact test[2], and Mann-Whitney U test[3].

Table 2
Respiratory monitoring results. Data are presented as median [Q1-Q3] or as mean (SD) for normally distributed data. P-values were calculated using Mann-Whitney U
test[1] and unpaired t-test[2].

Population Group A Group B P-Value

PACU Percent MVPRED 93 [77–128] 100 [81–130] 75 [61–87] 0.004 [1]

LMVe per hour 0 [0–0.36] 0 [0–0.11] 0.81 [0.43–1.60] < 0.001 [1]

LMVe duration, minutes 3.2 [2.8–4.7] 3.2 [2.8–4.5] 3.8 [2.7–5.0] 0.634 [1]

% Time without LMVe 100 [98–100] 100 [99–100] 93 [90–98] < 0.001 [1]

Apneas per hour 0 [0–0.14] 0 [0–0.02] 0 [0–0.22] 0.217 [1]

GHF Percent MVPRED 97 [79–138] 100 [85–143] 64 [52–82] < 0.001 [1]

LMVe per hour 0 [0–0.38] 0 [0–0.23] 1.56 [0.31–2.24] < 0.001 [1]

LMVe duration, minutes 4.3 (1.2) 4.1 (1.0) 4.9 (1.5) 0.048 [2]

% Time without LMVe 100 [97–100] 100 [99–100] 89 [80–98] < 0.001 [1]

Apneas per hour 0 [0–0.08] 0 [0–0.08] 0 [0–0.10] 0.797 [1]

PACU=Post Anesthesia Care Unit; GHF= general hospital floor, MVPRED= predicted minute ventilation; LMVe= low minute ventilation event.
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6 h. In addition, this ‘at-risk’ group exhibited a significantly lower
sustained predicted MV in the PACU as well as on the GHF compared to
their ‘not-at-risk’ counterparts, and in contrast to the latter, their MV
also worsened on the floor compared to their PACU measurements. The
time course of this postoperative respiratory pattern in ‘at-risk’ patients
corresponds to the finding that a majority of respiratory depression

events occur within the first 12–24 h following surgery [13,14]. The
observation that respiratory depression is most likely to occur on the
GHF, underscores the need for effective continuous electronic mon-
itoring in vulnerable patients. Our study suggests that it is feasible to
collect LMVe frequency and sustained reduced predicted MV measured
in real-time trending, in the recovery room in order to identify patients
at risk for continued respiratory depression. The results of this study
also demonstrate that a vast majority of patients monitored in the PACU
likely do not require continued floor monitoring, as< 1 LMVe/h during
PACU stay was associated with a 90% negative predictive value and a
94.7% specificity for subsequent LMVes on the general hospital floor for
‘not-at-risk’ patients.

Although serious events associated with postoperative OIRD are
rare, a recent closed claims analysis of 92 cases revealed that> 75%
involved permanent brain injury or death [13]. Risk factors and co-
morbidities that may be associated with OIRD have been described but
don't appear to be reliable or consistently successful for identifying
patients that will experience postoperative OIRD. A recent review de-
scribes advantages and shortcomings of traditional and newer elec-
tronic monitoring systems and the need to standardize objective criteria
that consistently identify respiratory depression in order to allow re-
search advances that ultimately reduce risk [15]. At least three different
patterns of respiratory depression resulting in unexpected death have
been described that may not be equally captured by the different
monitoring systems [16]. Type II respiratory depression described as
progressive, unidirectional hypoventilation and CO2 narcosis likely due
to opioids and sedatives may be the most frequent and relevant form
postoperatively. Simplistically, respiratory depression may be under-
stood as a state of hypoventilation that can be defined by respiratory
parameters that can be measured with respiratory mechanics. As for the

Fig. 1. A. Rate of low minute ventilation
events (LMVe) per monitored hour, for pa-
tients classified as Group A (purple;
N= 106; no LMVe within 30min of PACU
discharge) and Group B (orange; N=13; ≥
1 LMVe within 30min of PACU discharge)
in the PACU and GHF. Group B patients
experienced a significantly higher rate of
LMVe compared to Group A patients in both
the PACU (P < 0.001) and GHF
(P < 0.001) (Mann-Whitney U test).
B. Time course of LMVe rate over time
during the stay on the GHF for patients in
Groups A and B. Solid lines represent the
mean LMVe rate while shaded regions re-
present the standard error of the mean.

Group B patients experienced the highest rate of LMVe between 6 and 8 h following GHF arrival. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Fig. 2. A. Minute Ventilation (MV), pre-
sented as percent of predicted MV
(MVPRED), for patients classified as Group
A (purple; N=106; no LMVe within
30min of PACU discharge) and Group B
(orange; N=13; ≥ 1 LMVe within 30min
of PACU discharge) in the PACU and on
the general hospital floor (GHF). MV of
patients in Group A were significantly
higher in both the PACU (P=0.004) and
GHF (P < 0.001) (Mann-Whitney U test).
B. Time course of percent of MV following
arrival to the GHF for patients in Group A
and Group B. Solid lines represent the
mean LMVe rate while shaded regions re-
present the standard error of the mean.

Dash black line=100% of MVPRED; Yellow shaded region: 40–80% of MVPRED; Orange shaded region: 0–40% of MVPRED. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

Table 3
Effect of IV opioids on incidence of low minute ventilation events (LMVe). P-
values were calculated using Fisher's exact test [1], Kruskal-Wallis test [2] and
one way ANOVA [3].

Group A Group B P-Value

Received IV opioids on the GHF? Yes No Yes No
N 45 61 6 7 1.0 [1]

Post-opioid LMVe likelihood (%) 5.6 N/A 43.8 N/A <0.001 [1]

LMVe per hour 0.22 0.25 1.48 1.67 <0.001 [2]

LMVe duration, minutes 4.1 4.1 4.6 5.2 0.201 [3]

Table 4
Sensitivity-specificity table for PACU classification method to predict low
minute ventilation events (LMVe) on the general hospital floor (GHF).

GHF

≥1 LMVe/h <1 LMVe/h
PACU Group B 8 5 61.5% PPV

Group A 10 96 90.6% NPV
44.4% Sensitivity 95.0% Specificity

Group A, no LMVe within 30min of PACU discharge. Group B,≥1 LMVe within
30min of PACU discharge. PPV=positive predictive value; NPV=negative
predictive value.
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timing of OIRD monitoring,> 50% of OIRD events occur in the first
12 h after surgery and approximately 75% occur in the first 24 h, in-
dicating that prolonged monitoring for an identified population “at
risk” would be the most effective to prevent a serious event [14].

The average duration of LMVes was longer in ‘at-risk’ patients in the
PACU and reached a statistically significant difference on the GHF, but
was clinically quite close between groups at between 4 and 5min.
Intravenous opioid administration on the floor did not significantly
increase the LMVe frequency or duration within each group. However,
it dramatically increased the likelihood of an LMVe within 30min in
the at-risk group compared to their counterparts from 5.6% to 43.8%
with an odds ratio of 13.2. Further research is required to better un-
derstand the complex physiology of postoperative respiratory depres-
sion and the mechanisms that drive an increased LMVe likelihood,
when LMVe rate or duration following intravenous opioids on the GHF
did not appear to be significantly affected. This result is difficult to
explain and requires further study.

Our study is limited by the small sample size and the technology in
so far as only patients that allow placement of the chest wall monitoring
pads can be included, and by the relatively obese patient population. A
study with a larger sample size is warranted to confirm our results. We
did not specifically examine the contribution to our findings of seda-
tives that may have been administered. Our study did not examine the
pediatric population. The study protocol included RVM measurements
beginning preoperatively which prevented inclusion of certain pa-
tients/procedures such as prone and thoracic cases because of the
conditions of the disposable equipment placement. It remains unclear

to what degree pre-existing respiratory conditions including asthma
and COPD could influence our findings. There is a possibility that the
study results may have been influenced by respiratory and other in-
terventions in the PACU or on the floor which were not individually
tracked. The study monitor and the measure of LMVes as used here
have never been shown to actually predict adverse outcomes, and we
did not include clinical safety outcomes such as frequency of oxygen
desaturations or activations of respiratory response teams. To include
OIRD outcomes would be desirable but would require a completely
different study protocol and sample size which we did not plan for with
this initial cohort.

In summary, one or more LMVe in the last 30min prior to PACU
discharge is a feasible parameter to distinguish patients ‘at-risk’ for
respiratory depression on the GHF. In addition to a continued higher
rate of LMVes, these patients had diminished minute ventilation in the
PACU that deteriorated on the GHF. The combination of a threshold
frequency of ≥1 LMVe and a predicted minute ventilation of ≤70% in
the last 30min of PACU stay derived from the RVM should be further
investigated in a larger study for the ability to objectively identify
postoperative patients requiring continued RVM or other feasible
electronic monitoring with appropriate alarm settings on the GHF.
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