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Abstract 31 

Objective - to evaluate the association between early postoperative hypoventilation in 32 

the last hour of the post-anesthesia care unit (PACU) stay and hypoventilation during 33 

the rest of the first 48 postoperative hours in the surgical ward. 34 

Design - sub-analysis of a clinical trial  35 

Setting – PACU and surgical wards of a single medical center 36 

Patients - adults having abdominal surgery under general anesthesia  37 

Interventions - monitoring with a respiratory volume monitor (ExSpiron®, Respiratory 38 

Motion Inc., Watertown, MA, USA) from admission to PACU until the earlier of 48 hours 39 

after surgery or discharge 40 

Measurements - The exposure was having at least one low minute-ventilation (MV) 41 

event during the last hour of PACU stay, defined as MV lower than 40% the predicted 42 

value lasting at least 1 minute. The primary outcome was low MV events lasting at least 43 

2 minutes during the rest of the first 48 postoperative hours, while in the surgical ward. 44 

The secondary outcome the rate of low MV events, during the first 48 postoperative 45 

hours while in the surgical ward, 46 

Main results - Data of 292 patients were analyzed, of which 20 (6.8%) patients had a 47 

low MV event in PACU. Low MV events in the surgical ward were found in 81 (28%) 48 

patients. All patients who had low MV events in PACU had events again in the ward, 49 

while 61/272 (22%) had an event in the ward but not in PACU. The incidence rate of low 50 

MV events per hour was 24 (95% CI: 13, 46) among patients having an event in the 51 
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PACU, and 2 (1, 4) among those who did not, after weighting.Using PACU low MV 52 

events as a predictor, the sensitivity was 0.25 (95% CI: 0.16, 0.36), and the specificity 53 

was 1.00 (0.98, 1.00). The positive and negative predictive values were 100% and 78%, 54 

respectively. 55 

Conclusions - In adults recovering from abdominal surgery, events of hypoventilation 56 

during the first postoperative hour are associated with similar events during the rest of 57 

the first 48 postoperative hours, with positive predictive value approaching 100%. About 58 

one fifthSixty-one of patients had ward hypoventilation that was not preceded by 59 

hypoventilation in PACU. 60 

 61 
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Introduction 64 

Worldwide, about 312 million surgeries take place every year.[1] Postoperative 65 

complications are the main determinants of survival after major surgery[2,3] and are 66 

associated with increase in hospital costs.[4] After surgical wound infection, pulmonary 67 

complications are the most common postoperative complications.[5] The incidence of 68 

postoperative respiratory depression when we use continuous monitoring is as high as 69 

3746% with capnography [6] and 37% with pulse oximeter,[6,7][6].  and according to 70 

some To monitor and prevent respiratory depression events is important because reports, 71 

it they might results in critical events such as death or severe brain injury in as many as 72 

775% of cases.[8] Moreover, the majority of these  events happened within 24 h of surgery, 73 

and were classified as preventable with better monitoring and response. Specially, this 74 

respiratory postoperative monitoring seems important in patients on opioid postoperative 75 

analgesia. One of the major reason of postoperative respiratory depression is opioid 76 

administration as part of postoperative analgesia.[8,9] because it might result in 77 

Moreover, the recent introduction of adequate pain control as a quality measure[10] 78 

resulted in an increase in opioid administration and consequently to higher incidence of 79 

opioid-related adverse events, such as over-sedation, respiratory depression  and 80 

neurological damage.[10] Therefore, the American Society of Anesthesiologists now 81 

recommends that all patients receiving opioids should beto continuous monitor  monitored 82 

for respiratory depression using capnography during the postoperative period.[11]  83 

However, universal monitoring of all postoperative patients in the surgical wards is 84 

challenging and expensive. It is therefore valuable to identify the patients at greater risk, 85 

and to decide when and how to monitor them during the postoperative period. A 86 
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recentThe analysis of the Closed Claim database found that 13% of postoperative 87 

respiratory depression events occurred during the initial 2 hours after discharge from the 88 

post-anesthesia care unit (PACU), and nearly 90% of these events occur during the initial 89 

24 postoperative hours.[8]  The early postoperative period in PACU is characterized by 90 

rapid and extreme changes in organ function, and by high incidence of pulmonary 91 

complications[12–14] which are associated with a 5-fold greater risk of respiratory 92 

depression in the surgical ward.[12,15] 93 

There are currently no accepted guidelines for monitoring opioid-related sedation 94 

and respiratory depression. Pulse oximetry is widely used but it is a measure of gas 95 

exchange and therefore it only detects late respiratory depression. Capnography provides 96 

additional information on ventilation that can detect respiratory depression prior to oxygen 97 

desaturation, especially if supplemental oxygen is administered., but it is often ill-tolerated 98 

by patients.[16] Impedance-based non-invasive respiratory volume monitors continuously 99 

evaluate respiratory rate and minute ventilation with up to 90% accuracy.[17,18] A small 100 

observational study demonstrated that patients whopatients who experienced a low 101 

minute ventilation event during the PACU stay as detected by a respiratory volume 102 

monitor had higher incidence of respiratory depression during the rest of 103 

hospitalizationfirst 12 postoperative hours in the surgical ward compared to patients 104 

without low minute ventilation events.[19]   105 

We therefore aimed to evaluate in la larger nonobese population under major 106 

abdominal surgery the association between early postoperative hypoventilation in the last 107 

hour of PACU stay and hypoventilation during the rest of the first 48 postoperative hours 108 

in the surgical ward. Specifically, we tested the hypothesis that adult patients recovering 109 
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from major abdominal surgery who experience at least one low minute-ventilation event 110 

within the last hour of stay in PACU have higher incidence of hypoventilation events 111 

during the first 48 postoperative hours in the surgical ward compared to patients without 112 

such events in PACU. Secondarily, we hypothesized that patients with at least one low 113 

minute ventilation event in PACU have a higher rate of hypoventilation events per 114 

monitoring hour during the first 48 postoperative hours in the surgical ward. 115 

 116 

 117 

Methods 118 

This is a sub-analysis of prospectively collected data from patients enrolled in the 119 

FACTOR Trial (Cleveland Clinic IRB #14-241, NCT #02156154), that evaluated the effect 120 

of intravenous acetaminophen versus placebo on the incidence of postoperative 121 

desaturation.[20] Participants were monitored with a respiratory volume monitor 122 

(ExSpiron®, Respiratory Motion Inc., Watertown, MA, USA) from admission to PACU until 123 

the earlier of 48 hours after surgery or discharge. This sub-analysis was approved by the 124 

Cleveland Clinic Institutional Review Board with waived individual consent (Cleveland 125 

Clinic IRB # 18-384). Adults undergoing abdominal surgery under general anesthesia and 126 

enrolled in the FACTOR trial were considered eligible. Patients with poor-quality or limited 127 

respiratory monitoring data, defined as less than 1 hour recording in PACU or less than 128 

6 hours recording on the surgical ward, were excluded.  129 

The exposure of interest was having at least one low minute-ventilation (MV) event 130 

during the last hour of PACU stay. A low MV event was defined as having a minute-131 
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ventilation measurement lower than 40% the predicted value based on body surface area 132 

and sex,[21,22] lasting at least 1 minute. The primary outcome was the occurrence of at 133 

least one low MV event lasting at least 2 minutes during the rest of the first 48 134 

postoperative hours, while in the surgical ward.[23,24] The secondary outcome was the 135 

rate of low MV events, defined as the number of events lasting at least 2 minutes during 136 

the first 48 postoperative hours while in the surgical ward, divided by the number of 137 

monitored hours. Gaps in monitoring were excluded from the total monitoring time.  138 

Data analysis 139 

We preliminarily assessed the association between baseline variables (prior to last 140 

hour of PACU stay) and the exposure, low MV events in PACU, using standard statistical 141 

tests, i.e., t-tests for continuous variables, chi-square or Fisher’s exact test for categorical 142 

variables, as appropriate, and Wilcoxon-Mann-Whitney or another non-parametric test for 143 

ordinal or non-normal continuous data. Pre-exposure variables included age, weight, 144 

height, body mass index (BMI), American Society of Anesthesiologists (ASA) physical 145 

status score, relevant medical conditions (i.e., pulmonary disease, smoking status, 146 

asthma and obstructive sleep apnea) type and length of surgery, PACU length of stay, 147 

morphine equivalents administered, and relevant medical conditions (i.e., pulmonary 148 

disease, smoking status, asthma, obstructive sleep apnea, and obesity). 149 

We used a Fisher exact test to compare the raw incidence of low MV events in the 150 

surgical ward between patients with and without PACU low MV events. We then reported 151 

the sensitivity, specificity, predictive value and accuracy, using PACU low MV events as 152 

a predictor of low MV events in the surgical ward. Odds ratio of the unadjusted association 153 

is not reported, because all patients who experienced a low MV event in the PACU also 154 
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had events in the surgical ward.  155 

For our primary analysis, the potential confounding effect of all baseline variables 156 

was controlled using inverse propensity score weighting (IPTW).[25] We then assessed 157 

the adjusted association between low MV events in PACU and the occurrence of low MV 158 

events during the rest of the first 48 postoperative hours using negative binomial 159 

regression, with adjustment for number of post-PACU hours of measurement after inverse 160 

propensity score weighting. We used similar methods to test the adjusted association 161 

between low MV events in PACU and the secondary outcome, defined as the number of 162 

low MV events during the rest of the first 48 postoperative hours, divided by the number 163 

of monitoring hours. We did not adjust for PACU duration, surgery duration and surgery 164 

type for the secondary analysis due to model not converging issue.  165 

 166 

We used the absolute standardized difference (ASD) to evaluate imbalance 167 

between the groups on baseline variables. ASD is defined as the absolute difference in 168 

means, mean ranks, or proportions divided by the pooled standard deviation. Variables 169 

were considered significantly different if ASD was greater than 0.2. The significance level 170 

for all statistical tests was set to 0.05.   171 

Sample size was calculated based on the primary hypothesis. We estimated that 172 

10% of patients would experience a low MV event in the last hour prior to PACU 173 

discharge. Assuming a standard deviation of 1.5 low MV events/hour across the 174 

population, a total of 270 patients would be needed to detect a difference of 1 low MV 175 

event/hour between groups (assuming 10% of patients in the exposure group) with 90% 176 

power at the 0.05 significance level.[26] 177 
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All analyses were performed with SAS Ver 9.4. 178 

  179 
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Results 180 

In total, 292 patients who were enrolled in the FACTOR trial were eligible for this 181 

sub-analysis (Figure 1). Baseline characteristics, opioid consumption, and monitoring 182 

duration are summarized in Table 1, presented according to the presence or absence of 183 

PACU low MV events. In total, 20 (6.8%) patients had a low MV event in PACU. These 184 

patients had higher body mass index than patients who did not experience low MV event 185 

in PACU. Other potential confounding variables were not different between the two 186 

groups. After propensity score weighting, the balance of all potential confounders was 187 

well controlled, with a maximum absolute standardized difference (ASD) of 0.05. 188 

Low MV events in the surgical ward were found in 81 (28%) patients. All patients 189 

who had low MV events in PACU had low MV events again in the surgical ward, while 190 

61/272 (22%) had an event in the surgical ward without having an event in PACU (Table 191 

2). PACU low MV events were strongly associated with low MV events in the surgical 192 

ward (Fisher exact test P <0.001) before and after inverse propensity score weighting. 193 

Using PACU low MV events as a predictor, the sensitivity was 0.25 (95% CI: 0.16, 0.36), 194 

and the specificity was 1.00 (0.98, 1.00). The positive and negative predictive values were 195 

100% and 78%.  196 

The secondary outcome was the rate of low MV events in the surgical ward, 197 

expressed as the number of events per monitoring hour. Low MV events in PACU were 198 

significantly associated with the rate of low MV events in the surgical ward. The incidence 199 

rate of low MV events per hour was 24 (95% CI: 13, 46) among patients having an event 200 

in the PACU, and 2 (1, 4) among those who did not, after weighting. The incidence rate 201 
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odds ratio of low MV events was 12 (5, 28; P<0.001) adjusted for all confounders in Table 202 

1. 203 

 204 

Discussion 205 

In this sub-analysis of a clinical trial involving adults recovering from abdominal 206 

surgery, we found a strong association between low MV events during PACU stay and 207 

the risk of experiencing a hypoventilation event during the initial 48 postoperative hours 208 

while in the surgical ward. We also found that patients with low MV events in PACU have 209 

many more events of hypoventilation in the surgical floor. 210 

Preoperative risk factors such as age, sex, BMI, hypertension, American Society 211 

of Anesthesiologists (ASA) physical status score, as well as type and length of surgery 212 

were previously reported as risk factors for PACU[27] and postoperative respiratory 213 

depression.[28,29] We only observed large difference in BMI, with absolute standardized 214 

difference of 66% between patients with and without hypoventilation in PACU, but not in 215 

other factors.  216 

In general, the reported incidence of respiratory depression is highly variable, 217 

depending on the outcome definition. We only found 6.8% of patients to have a low MV 218 

event in PACU, which is significantly lower than the 15-24% incidence described in 219 

previous retrospective cohort studies,[13,14] and the 11% reported in previous studies 220 

using similar definition ofcutoff of  low MV events.[19] This difference might be explained 221 

because in Schumann et al,[19] the average BMI was 37±10 kg/m2, with 20% incidence 222 

of OSA and almost half of patients under bariatric surgery. While in our study,the average 223 
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BMI was around 27±10 kg/m2, with and OSA incidence of 5% and no patients under 224 

bariatric surgery.  Our incidence of low MV events in the surgical ward was 30%, which is 225 

within the range previously reported, depending on the method used to detect respiratory 226 

depression. For example, respiratory depression occurred in 44% of patients in the  227 

recently published PRODIGY study,[29] in which hypoventilation was defined by a 228 

composite of respiratory rate, oxygen saturation, and capnography. However, respiratory 229 

depression was only found in 4.2% of participants in the PERISCOPE study[28] where it 230 

was defined as new onset of hypoxemia (PaO2 <8 kPa or SpO2 <90%)  within 5 231 

postoperative days. This large variability surely originates from the difference in 232 

definitions, and in monitoring technologies. presumably from different clinical practices 233 

(e.g., opioid sparing pathways).  234 

The rate of low MV events per hour was 12 times higher OR 12 (95%CI: 5, 28; 235 

P<0.001) in patient who had low MV at PACU compared to those who did not.  These 236 

results are consistent with Schumann et al.[19] results that forum 1.5 more events in the 237 

patients classifies as at risk in PACU. Moreover, Broens et al.[30] found a correlation 238 

between the incidence of respiratory events (bradypnea and apnea) in PACU and during 239 

the first 6 postoperative hours on the ward, in patients over 60 year old having elective 240 

surgery. [30] 241 

The positive predictive value of hypoventilation during the last hour of PACU stay 242 

reached 100%, suggesting that patients suffering even one hypoventilation event during 243 

that period will almost certainly continue to have such events during the rest of their 244 

postoperative recovery.  This rate of detection was superior to the values previously 245 

reported by others.[28,29] The test’s negative predictive value was 78%, suggesting that 246 
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about 20% of patients not detected to have hypoventilation in PACU will still suffer such 247 

event in the hospital ward. Notably, the incidence rate of low MV events per hour was 248 

only 2 among patients not suffering a hypoventilation event in PACU (compared to 24 249 

among patients having an event in PACU). Such a low incidence rate may explain why 250 

some of the 81 patients with ward hypoventilation events were not detected during the 251 

last hour in PACU. 252 

Our findings are of special interest since postoperative respiratory complications 253 

are common and are associated with deleterious outcomes that might impact overall 254 

recovery.[8,31] However, there are no accepted guidelines for routine respiratory 255 

monitoring of spontaneously breathing surgical patients, so that patients at risk are neither 256 

identified, diagnosed, monitored, nor treated appropriately.[11] The most commonly used 257 

modality is oxygen saturation, but desaturation is often a late sign of respiratory 258 

failure.[16] Capnography is a much earlier and more sensitive sign of hypoventilation but 259 

is rarely utilized in clinical practice due to patient discomfort and low compliance with the 260 

nasal canula that mandates accurate and stable placement.[29] The respiratory volume 261 

monitor reliably detects respiratory depression in the surgical ward. 262 

 The main limitations of our study are the limited sample size and the low baseline 263 

incidence of the exposure. We were therefore underpowered to detect an association 264 

between hypoventilation events and the incidence of clinically important outcomes such 265 

as respiratory failure, cardiac arrest, or death. Two notable strengths are the prospective 266 

data collection and the previously demonstrated reliability of the monitor in measuring 267 

respiratory volumes.[17,18]  268 
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In summary, we found a strong association between low MV events during PACU 269 

stay and the risk of hypoventilation during the initial 48 postoperative hours in adults 270 

recovering from abdominal surgery. These results should encourage clinicians to closely 271 

monitor patients who demonstrate hypoventilation during the immediate postoperative 272 

recovery phase to improve earlier detection of postoperative respiratory depression. 273 

  274 
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