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Abstract: Introduction

Patients’ perception of postoperative recovery is a key aspect of perioperative care.
Self-reported quality of recovery (QoR) has evolved as a relevant endpoint in
perioperative research. Several psychometric instruments have been introduced to
assess self-reported recovery 24 hours after surgery. However, there is no
questionnaire suitable for use in the postanesthesia care unit (PACU). We aimed to
develop and psychometrically evaluate a QoR questionnaire for the PACU (QoR-
PACU).

Methods

The QoR-PACU was developed based on the 40-item QoR-40 questionnaire. Adult
patients scheduled for elective urologic surgery completed the QoR-PACU
preoperatively and during the PACU stay. We evaluated feasibility, validity, reliability,
and responsiveness. Between March and November 2020 we enrolled 375 patients.
After a pretest phase the questionnaire was modified twice to ensure ease of
understanding.

Results

We administered the final version of the QoR-PACU to 255 patients, with a completion
rate of 96.5%. Construct validity was good with postoperative QoR-PACU sum scores
correlating with age (r= 0.23, 95%CI: 0.11 to 0.35, p <0.001), length of PACU stay (r= -
0.15, 95%CI: -0.27 to -0.03, p= 0.02), pain in the PACU (r= -0.48, 95%CI: -0.57 to -
0.37, p <0.001) and piritramide dose administered (r= -0.29, 95%CI: -0.40 to -0.17, p
<0.001). Cronbach’s alpha was 0.67 (95%CI: 0.61 – 0.73) with moderate test-retest
reliability (ICC of 0.67, 95%CI: 0.38 – 0.83). Cohen’s effect size was 3.08 and the
standardized response mean was 1.65 indicating adequate responsiveness.

Conclusion

The assessment of QoR in the early postoperative period is feasible. We found high
acceptability with excellent recruitment and successful completion rates, adequate
responsiveness, and sufficent validity and reliability. Future studies should evaluate the
psychometric properties of the QoR-PACU in more heterogeneous patient populations
including female and gender-diverse patients with varying degress of perioperative
risk.
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 37 

Introduction: Patients’ perception of postoperative recovery is a key aspect of perioperative care. 38 

Self-reported quality of recovery (QoR) has evolved as a relevant endpoint in perioperative 39 

research. Several psychometric instruments have been introduced to assess self-reported 40 

recovery 24 hours after surgery. However, there is no questionnaire suitable for use in the 41 

postanesthesia care unit (PACU). We aimed to develop and psychometrically evaluate a QoR 42 

questionnaire for the PACU (QoR-PACU).  43 

 44 

Methods: The QoR-PACU was developed based on the 40-item QoR-40 questionnaire. Adult 45 

patients scheduled for elective urologic surgery completed the QoR-PACU preoperatively and 46 

during the PACU stay. We evaluated feasibility, validity, reliability, and responsiveness. Between 47 

March and November 2020 we enrolled 375 patients. After a pretest phase the questionnaire was 48 

modified twice to ensure ease of understanding. 49 

 50 

Results: We administered the final version of the QoR-PACU to 255 patients, with a completion 51 

rate of 96.5%. Construct validity was good with postoperative QoR-PACU sum scores correlating 52 

with age (r= 0.23, 95%CI: 0.11 to 0.35, p <0.001), length of PACU stay (r= -0.15, 95%CI: -0.27 to 53 

-0.03, p= 0.02), pain in the PACU (r= -0.48, 95%CI: -0.57 to -0.37, p <0.001) and piritramide dose 54 

administered (r= -0.29, 95%CI: -0.40 to -0.17, p <0.001). Cronbach’s alpha was 0.67 (95%CI: 0.61 55 

– 0.73) with moderate test-retest reliability (ICC of 0.67, 95%CI: 0.38 – 0.83). Cohen’s effect size 56 

was 3.08 and the standardized response mean was 1.65 indicating adequate responsiveness.  57 

 58 

Conclusion: The assessment of QoR in the early postoperative period is feasible. We found high 59 

acceptability with excellent recruitment and successful completion rates, adequate 60 

responsiveness, and sufficent validity and reliability. Future studies should evaluate the 61 
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psychometric properties of the QoR-PACU in more heterogeneous patient populations including 62 

female and gender-diverse patients with varying degress of perioperative risk.  63 

 64 

 65 

Key words 66 

Quality of recovery, postanesthesia care unit, patient-reported outcome, recovery from 67 

anesthesia, perioperative care.   68 
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Introduction  69 

The improvement of postoperative recovery is a common aim of all disciplines involved in 70 

perioperative care (1–3). Postoperative recovery after surgery and anesthesia has traditionally 71 

been assessed using objective parameters including but not limited to cardiovascular, pulmonary 72 

or infectious complications, pain or length of hospital stay (4–6). In recent years patient’s 73 

perception of recovery after surgery has been increasingly recognized as a relevant outcome 74 

measure (1,2,7). To allow for comparability across clinical studies, the Standardized Endpoints in 75 

Perioperative Medicine (StEP) initiative recommends six standardized outcome measures 76 

reflecting patient comfort: postoperative pain, nausea, time to gastrointestinal recovery, time to 77 

mobilization, sleep disturbance, and the assessment of postoperative quality of recovery (QoR) 78 

(8,9). In the same line, the introduction of patient-reported outcome assessments is recommended 79 

by the American Society for Enhanced Recovery and Perioperative Quality Initiative (10). Various 80 

instruments have been developed to evaluate postoperative patient-reported recovery. Myles and 81 

colleagues developed the 40-item QoR-40 questionnaire that has been validated, translated, and 82 

used extensively (2,11–14). In 2013, the same research group developed the 15-item QoR-15 83 

questionnaire which is a shorter version of the more extensive QoR-40 (7,15–24). Both 84 

instruments have been introduced to assess QoR one day after surgery (2,7). The importance of 85 

advanced recovery room care and the assessment of patient-centered outcomes early after 86 

surgery has recently been highlighted by an Australian feasibility study (25). Yet, there is no 87 

instrument appropriate for application in the postanesthesia care unit (PACU).  88 

The aim of this study was to develop a QoR questionnaire for the PACU (QoR-PACU) and to 89 

evaluate its feasibility, validity, reliability, responsiveness, and clinical acceptability in patients after 90 

general anesthesia for elective non-cardiac surgery.   91 
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Materials and Methods  92 

Ethical approval and study registration  93 

Ethical approval was obtained from the ethics committee at the Hamburg State Chamber of 94 

Physicians on February 11, 2020 (serial number PV7218). Each patient gave written informed 95 

consent before the initiation of study-related procedures. The study was registered at 96 

clinicaltrials.gov (NCT04528537). 97 

 98 

Study design and participants 99 

We performed a prospective observational cohort study at the Department of Anesthesiology of a 100 

quarternary care university hospital in Northern Germany. We performed a pre-test of the QoR-101 

PACU in a randomly selected cohort of 10 patients to assess feasibility. Subsequenty, all study 102 

participants completed the QoR-PACU on the day before surgery to obtain baseline values. 103 

Patients were assessed postoperatively 120 minutes after arrival in the PACU allowing for a 104 

tolerance interval of ± 60 minutes. A subgroup of patients underwent a second postoperative 105 

assessment after another 60 minutes ± 30 to evaluate test-rest reliability. Additionally, test-retest 106 

reliability was assessed in a subset of patients on the first postoperative day. All assessments 107 

were performed by three examiners (KB, SK, MF). 108 

Patients were included, if they were 18 years or older and received general anesthesia for elective 109 

radical prostatectomy. We excluded patients scheduled for Same-Day-Surgery, ambulatory 110 

surgery or postoperative admission to the intensive care unit and patients without excellent 111 

German language skills.  112 

 113 

Development and adaptation of the QoR-PACU 114 

With the permission of Professor Paul Myles, we aimed to develop a questionnaire derived from 115 

the QoR-40 to assess the QoR in PACU. Three experienced anesthesiologists (MF, LN, CZ) 116 

independently selected 15 items each from the QoR-40, which they deemed to be of high clinical 117 
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importance for recovery and self-perceived health status during the early postoperative period. 118 

After thorough discussion a consensus version containing 16 items was developed (version 1). 119 

Similar to the QoR-15 questionnaire, an 11-point numerical rating scale was used with a score 120 

from 0 (“none of the time”) to 10 (“all of the time”). For negative items the scoring was reversed. A 121 

total score was calculated ranging from 0 to 160 points, with a higher score representing better 122 

recovery. After a successful pretest phase, we administered the 16-item QoR-PACU (version 1) 123 

to 72 patients. During the early study period we repeatedly noticed misunderstandings. One major 124 

issue was the 11-point response scale from 0 to 10, reflecting the frequency of positive or negative 125 

symptoms. A relevant number of patients was confused with simultaneous pain ratings, which are 126 

part of clinical practice in the PACU, and assessed intensity rather than frequency. Therefore, we 127 

reduced the 11-point scale to a 5-point scale from 0 to 4 (version 2). For ease of understanding 128 

we linked each number with an adverb of frequency: 4 points = always, 3 points = most of the 129 

time, 2 points = occasionally, 1 point = rarely, 0 points = never, resulting in a total score from 0 to 130 

52 points. For negative items the scoring was reversed. After assessment of another 48 patients, 131 

the QoR-PACU questionnaire was reduced to 13 items (version 3, S1 Table, S2 Table). Four items 132 

were dropped for lack of importance as reported by patients and PACU staff: the distinction 133 

between severe and moderate pain, shivering, bad dreams and the feeling of being alone. The 134 

item “nausea and vomiting” was separated into two items.  135 

 136 

Data collection 137 

Medical history and demographic characteristics were collected during the preanesthesia visit. We 138 

recorded the following clinical data: age, gender, body mass index, Charlson Comorbidity Index 139 

(CCI), obstructive sleep apnea syndrome, medication, American Society of Anesthesiologists 140 

(ASA) physical status classification, education, and current profession. To preoperatively assess 141 

the risk for obstructive sleep apnea syndrome we used the STOP-Bang score that evaluates 142 

snoring, tiredness, observed apnea, high blood pressure, body mass index, age, neck 143 
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circumference, and male gender with higher scores indicating a higher risk. We retrieved 144 

information about the duration of surgery, length of PACU stay, intra- and perioperative medication 145 

from anesthesia protocols. The Numeric Rating Scale (NRS) was used to assess pain intensity in 146 

the PACU.  147 

 148 

Sample Size 149 

There is no consistent recommendation regarding sample size for the development and the 150 

evaluation of a questionnaire. A “rule of thumb” suggests at least 10 participants for each scale 151 

item (26,27). Others propose a sample size 300 after initial pretesting (28). To meet both criteria 152 

we opted for 375 patients including an estimated drop-out rate of 25%.  153 

 154 

Statistical analysis 155 

Continuous variables are presented as median with 25th and 75th percentiles. Categorical variables 156 

are given as absolute and relative numbers.  157 

Validity was assessed using the postoperative QoR-PACU sum score. To assess construct validity 158 

we compared postoperative QoR-PACU sum scores between categories of clinically relevant 159 

variables using a linear model and analysis of variance. Additionally, we analyzed correlations 160 

between postoperative QoR-PACU sum scores and clinically relevant continuous variables using 161 

Pearson’s product-moment correlation coefficients and corresponding 95% confidence intervals.   162 

Reliability was analyzed using results of individual items of the postoperative QoR-PACU and sum 163 

scores of postoperative QoR-PACU of those who took the tests twice postoperatively. Reliability 164 

was assessed based on internal consistency using Cronbach’s alpha, split-half reliability and test-165 

retest reliability using Pearson’s correlation coefficient. Pearson correlation was chosen over the 166 

intraclass correlation coefficient since it is reasonable to assume that the state of the patient 167 

changed within the one hour of time between both assessments (29).  168 
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Cronbach’s alpha was calculated between items of the postoperative QoR-PACU using the alpha 169 

function from the R-package “psych” version 2.1.9 (30). An alpha coefficient of 0.70 and higher is 170 

considered to be an acceptable threshold for reliability (26). To obtain split-half reliability the 171 

function splithalf.r from the “multicon” R-package in the version 1.6 was used on the items of the 172 

postoperative QoR-PACU results (31).  173 

Responsiveness refers to the ability to detect clinical important change. Responsiveness was 174 

analyzed taking into account pre- and postoperative QoR-PACU sum scores and was expressed 175 

with Cohen’s effect size and standardized response mean. Cohen’s effect size is defined as mean 176 

difference between preoperative and postoperative QoR-PACU sum scores divided by the SD of 177 

the preoperative QoR-PACU sum scores. Standardized response mean was calculated as the 178 

mean difference between pre- and postoperative QoR-PACU sum scores divided by the SD of 179 

these differences. 180 

The proportion of patients who successfully completed the QoR-PACU postoperatively was used 181 

to assess acceptability and feasibility.  182 

All analyses were done on complete available cases so no imputation of missing data was 183 

performed. P-values are presented as descriptive summary measures and do not represent 184 

results of confirmatory testing. No adjustment for multiplicity was performed. All analyses were 185 

performed with R Statistical Software, version 3.5.3 (R Foundation for Statistical Computing, 186 

Vienna, Austria).  187 
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Results  188 

Demographic and clinical characteristics  189 

Between March and November 2020, 255 patients were approached by the study team for the 190 

assessment with version 3. A total of 246 patients completed the final version of the QoR-PACU 191 

questionnaire resulting in a completion rate of 96.5%. Figure 1 shows the flow of participants 192 

during the course of the study. Details on baseline demographic and clinical characteristics and 193 

perioperative variables related to surgery and anesthesia are presented in Table 1. 194 

 195 

Figure 1: Flow chart  196 

Fig. 1: The flow diagram shows patients included and excluded throughout the course of the study.  197 

 198 

Table 1 : Demographic and clinical characteristics 199 

  

  n = 246 

Patient characteristics  

Age (years) 64 (60; 69) 

Body Mass Index (kg/m2) 26.5 (24.5; 28.9) 

ASA physical status   

II 214 (87) 

III 32 (13) 

Charlson Comorbidity Index 4 (4; 5)  

Obstructive sleep apnea syndrome 17 (7.6) 

Education  

<9 years 2 (0.8) 

9 - 10 years 28 (11.4) 

10 - 12 years 95 (38.6) 

12 - 13 years 16 (6.5) 

University degree 105 (42.7) 

 
Surgery 

  

Duration of surgery (min) 153.0 (135.0; 175.8) 

Surgical approach   

Open retropubic radical prostatectomy    104 (42.3) 

Robot-assisted radical prostatectomy  142 (57.7) 

  

Sticky Note
Sample size would be 375
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Anaesthesia and perioperative 
medication 

Duration of anaesthesia (min) 223.5 (206.0; 247.8) 

Premedication with Midazolam 8 (3.3) 

Prophylaxis for postoperative nausea 
and vomiting  

 

None  2 (0.8) 

Dexamethasone 6 (2.4) 

Ondansetron 3 (1.2) 

Dexamethasone and Ondansetron 235 (95.5) 

Anaesthesia maintenance  

Sevoflurane 241 (98.0) 

Propofol 5 (2.0) 

Sufentanil (cumulative; µg) 85.0 (70.0; 95.0)  

Norepinehphrine (maximum dosage; 
µg/kg/min) 

0.1 (0.07; 0.14) 

Fluids   

Crystalloids (ml) 2500 (2000; 3000) 

Colloids (ml) 0 (0;0) 

 
Postoperative care and medication 

 

Length of PACU stay (min) 152.0 (118.3;196.5) 

Piritramide (cumulative; mg) 3.75 (3.75;7.5) 

Pethidine (cumulative; mg) 25.0 (25.0;25.0) 

Discharge to  

Normal ward  208 (84.6) 

Scheduled overnight PACU stay 27 (11.0) 

Unscheduled overnight PACU stay 11 (4.5) 

Table 1: Demographic and clinical characteristics. Data are presented as 
median (25th; 75th percentile) or n (%). ASA: American Society of 
Anesthesiologists. PACU: postanaesthesia care unit.  

  200 
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QoR-PACU   201 

Median QoR-PACU sum scores were 50.0 [IQR 48.0; 51.0] points (preoperative assessment), 202 

42.0 [IQR 38.0; 44.0] points (1st PACU assessment), 45.0 [IQR 42.5;47.0] points (2nd PACU 203 

assessment), and 45.0 [IQR 42.8;47.3] points (24 h assessment). Patients completed the 204 

questionnaires at a median time of 125.0 min [IQR 83.0; 156.8] after arrival in the PACU. The 205 

subgroup of patients, who underwent a second assessment in the PACU, completed the 206 

questionnaires at a median time of 189.0 min [IQR 148.8; 215.8]. Pre- and postoperative mean 207 

QoR-PACU scores for each item and the mean sum score are presented in Table 2. Figure 2 208 

shows pre- and postoperative QoR-PACU scores.  209 

 210 

Table 2 : Responsiveness 211 
 212 
 213 

QoR-PACU 
item 

Preoperative Postoperative 
Mean change 

[95% CI] 
% change  

from baseline 
Cohen  

effect size 
Standardised  
reponse mean 

1 3.7 ± 0.6 2.1 ± 1.2 -1.6 [-1.8; -1.5] 43.0 2.6 1.2 

2 3.8 ± 0.5 2.3 ± 1.2 -1.6 [-1.7; -1.4] 39.0 3.2 1.2 

3 3.7 ± 0.6 1.7 ± 1.1 -2.1 [-2.2; -1.9] 54.0 3.4 1.7 

4 3.9 ± 0.4 3.6 ± 0.7 -0.3 [-0.4; -0.2] 7.7 0.7 0.4 

5 4.0 ± 0.2 3.6 ± 0.8 -0.3 [-0.4; -0.3] 10.0 1.9 0.5 

6 4.0 ± 0.1 4.0 ± 0.2 0.0 [-0.1; 0.0] 0.0 0.0 0.0 

7 3.9 ± 0.4 3.7 ± 0.7 -0.2 [-0.3; -0.1] 5.1 0.5 0.3 

8 4.0 ± 0.2 2.4 ± 1.2 -1.6 [-1.7; -1.4] 40.0 9.6 1.4 

9 4.0 ± 0.2 3.5 ± 0.9 -0.5 [-0.6; -0.4] 12.0 2.2 0.6 

10 3.4 ± 0.9 3.7 ± 0.6 0.3 [0.2; 0.5] -8.8 -0.4 -0.3 

11 3.7 ± 0.5 3.7 ± 0.6 -0.1 [-0.1; 0.0] 0.0 0.0 0.0 

12 3.4 ± 0.6 3.2 ± 0.8 -0.2 [-0.3; -0.1] 5.9 0.3 0.2 

13 3.8 ± 0.4 3.9 ± 0.4 0.0 [0.0; 0.1] -2.6 -0.2 -0.2 

Sum 49.0 ± 2.6 41.0 ± 5.0 -8.0 [-8.6; -7.4] 16.0 3.1 1.7 

Table 2: Mean QoR-PACU scores for each item and the mean QoR-PACU sum score. Responsiveness is expressed 
with Cohen effect size (difference between preoperative and postoperative QoR-PACU scores, divided by the 
preoperative SD) and the standardized response mean (score difference divided by the SD of the score difference). 
Numbers are given as mean ± standard deviation (SD) unless otherwise indicated. QoR: Quality of recovery, PACU: 
postanesthesia care unit; CI: confidence interval. 
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Fig. 2: Responsiveness 215 

Fig. 2. The radar chart – spider diagram shows mean scores of single items of the QoR-PACU 216 

preoperatively (green), in the PACU (red), at re-assessment in the PACU (purple), and on the day 217 

after surgery (pink). Each item of the questionnaire is presented as a spoke. The 5-point numeric 218 

rating scale is presented on the axis with numbers from 0 to 4. 219 

 220 

Validity, reliability, and responsiveness  221 

The comparison of postoperative QoR-PACU sum scores across categories of clinically revelant 222 

variables is presented in Table 3. The correlation between postoperative QoR-PACU sum scores 223 

and clinically relevant continous variables is presented in Figure 3.  Cronbach’s alpha was 0.67 224 

(95% CI: 0.61 to 0.73), reflecting moderate internal consistency (32). The average of all split-half 225 

correlations was 0.52. The average of all split-half reliabilities was 0.69 ± 0.08. Interitem 226 

correlations and correlations between the QoR-PACU sum score and each item are presented in 227 

Figure 4 andS3 Table. There was a positive correlation between QoR-PACU score and the score 228 

at the second assessment approximately one hour later (r = 0.71, 95%CI: 0.37 to 0.88, p < 0.01) 229 

reflecting acceptable test-retest reliability. Cohen’s effect size and standardized response mean 230 

are presented in Table 2.  231 

 232 

Table 3 : Construct validity 233 
 234 

Variables 
Postoperative 

QoR-PACU 
score 

P 

ASA physical status  0.867 

II (n=214) 42 [38;45]  

III (n=32) 43 [40;44]  

OSASa  0.134 

Low or intermediate risk (n=133) 41 [38;44]  

High risk or confirmed disease (n=91) 42 [40;45]  

Premedication with midazolam  0.247 

no (n=238) 42 [38;44]  
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yes (n=8) 44 [43;45]  

Mode of intubation  0.257 

Direct langyroscopy (n=225) 42 [38;44]  

Video-assisted laryngoscopy (n=3) 46 [42;48]  

Switch from direct to video-assisted 
laryngoscopy (n=18) 

42 [37;42]  

Sevoflurane  0.539 

no (n=5) 39 [38;42]  

yes (n=241) 42 [38;44]  

Propofol  0.539 

no (n=241) 42 [38;44]  

yes (n=5) 39 [38;42]  

Depth of anaesthesia monitoring  0.650 

no (n=3) 42 [42;43]  

yes (n=243) 42 [38;45]  

Antiemetic prophylaxis  0.761 

none (n=2) 39 [38;41]  

dexamethasone (n=6) 40 [37;44]  

ondansetron (n=3) 43 [38;46]  

dexamethasone + ondansetron (n=235) 42 [39;45]  

 
Table 3: Construct validity of categorical variables. Data are presented as 
median [25th; 75th percentile]. ASA: American Society of Anesthesiologists. 
OSAS: obstructive sleep apnea syndrome. 

 235 

Fig 3: Construct validity 236 

Fig 3. Correlation between postoperative QoR-PACU sum scores and clinically relevant 237 

continuous variables. 238 

 239 

Fig 4: Inter-item correlation  240 

Fig. 4. Correlation between each item and between the sum score and each item of the 241 

postoperative QoR-PACU using Spearman correlation coefficient.   242 
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Discussion  243 

The aim of this study was to establish a questionnaire to assess self-reported QoR during the 244 

recovery period after elective non-cardiac surgery. We developed the QoR-PACU based on the 245 

40-item QoR-40 questionnaire. We found high acceptability and feasibility with excellent 246 

recruitment and successful completion rates, good validity, adequate responsiveness, and 247 

moderate reliability.  248 

 249 

A standardized tool for the assessment of patient reported QoR in the PACU is urgently needed 250 

for both research and clinical puroses. Myles et al emphasize that results of clinical research can 251 

only be considered valid if a reconfirmation is possible (8). However, comparability and impact of 252 

clinical research is substantially diminished by different outcome definitions and the use of 253 

numerous instruments for psychometric assessment (8,9,33). Therefore, it is important to 254 

standardize the endpoints in clinical research.  255 

For decades the Aldrete scoring system has been widely used to determine, if a patient can be 256 

safely discharged from the PACU (20). Items addressed by the Aldrete score are limited to 257 

physical aspects: activity, respiration, circulation, consciousness and color / oxygen saturation 258 

(21,34). However, the definition of adequate recovery may differ substantially between patients 259 

and caregivers. Including the patients’ perception of postoperative recovery immediately after 260 

surgery provides a basis for the optimization of recovery, which may result in better outcomes and 261 

might even have a beneficial effect on length of stay and healthcare costs (3).  262 

 263 

We chose clinically relevant aspects of intra- and postoperative care to assess construct validity. 264 

Pain intensity, piritramide dose, and PACU length of stay negatively correlated with QoR in the 265 

PACU. Our results confirm that pain perception plays a substantial role in perioperative care with 266 

a major impact on patient’s perception of health status and recovery (35). Despite homogeneity of 267 

surgical procedures we found a large range of PACU length of stay. Shorter stay in the PACU 268 
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correlated with better QoR, which confirms previous reports on the association between PACU 269 

length of stay and postoperative complications (36). 270 

Psychometric properties of the QoR-PACU reveiled good validity and adequate responsiveness 271 

however, measures of reliability including internal consistency were moderate. The fact that the 272 

internal consistency of the QoR-PACU was not as high as expected is interesting, since all items 273 

of the QoR-PACU were derived from the QoR-40 which has been developed to evaluate the 274 

quality of recovery 24 hours after surgery and has been validated extensively. Items showing high 275 

validity and reliability 24 hours after surgery showed only sufficient internal consistency in the 276 

immediate postoperative period. Several factors may account for the difference in internal 277 

consistency. First and most importantly, the patients' mental and physical condition changes 278 

rapidly during the early postoperative period. Of note, vigilance and pain perception are 279 

interconnected. When the effects of anesthesia and analgesia wear off, consciousness improves 280 

and patients become more susceptible to postoperative pain. Therefore, it is resonable to expect 281 

that self-perceived recovery in the early postoperative period will change substantially within a 30-282 

minute time frame. Second, we noticed that the simultaneous application of measures of 283 

frequency, as used in the QoR-PACU, and measures of intensity, as used in the NRS, during the 284 

recovery period led to confusion with study participants. We tried to avoid this problem by reducing 285 

the 11-point scale to a 5-point scale linked with adverbs of frequency. Yet, difficulty in 286 

understanding measures of frequency might have influenced our results. Third, it is noteworthy 287 

that we observed a relatively small change from preoperative to PACU scores in our study 288 

population. The mean change from preoperative to PACU scores was <0.5 for 9 items, but not for 289 

the features pain, feeling confused, dry mouth, and sore throat. The majority of patients had a 290 

rather low perioperative risk as reflected by the ASA physical status. High perioperative risk has 291 

been found to be associated with poor recovery after colorectal cancer surgery (37). Similary, low 292 

ASA physical status might have contributed to the overall high QoR reported by participants of our 293 

study.  294 
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  295 

We found the application of the QoR-PACU during the recovery period feasible with high response 296 

and completion rates. Sum scores were highest at baseline on the day before surgery and lowest 297 

during assessment in the PACU followed by an increase on the first postoperative day. The 298 

development of QoR-PACU sum scores over time indicates that the QoR-PACU adequately 299 

mirrors QoR despite moderate internal consistency.  300 

 301 

This validation study was performed at the PACU of a prostate cancer clinic. All surgical 302 

procedures and perioperative care at our prostate cancer center are highly standardized. Although 303 

allowing for excellent comparability between participants, generalizability is limited. We included 304 

solely male patients scheduled for radical prostatectomy. Results from previous studies suggest 305 

that gender aspects have an impact on postoperative QoR and speed of recovery. Overall, female 306 

patients tend to have lower QoR and longer PACU stay (2,38,39). Morevover, pain intensity, 307 

nausea, and vomiting after surgery are more frequently reported by female patients (38,40). 308 

Gender aspects may be of high importance in individualized perioperative care and postoperative 309 

recovery.  310 

 311 

Future studies should evaluate the psychometric properties of the QoR-PACU in a more 312 

heterogenous patient population, including female and gender diverse patients, as well as a 313 

greater variety of patient-related and procedure-related risk factors. This might reveal, whether 314 

the issue of moderate internal consistency was primarily linked to the characteristics of the initial 315 

study cohort, or whether items have to be revised substantially to be suitable for patients in the 316 

PACU. For the modification of the QoR-PACU, it might be helpful to consider suggestions from 317 

patients and caregivers.  318 

 319 
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Conclusion 320 

This study presents the development of a questionnaire to assess self-reported QoR after surgery 321 

in the PACU. We found excellent feasibility, good validity and adequate responsiveness. Against 322 

our hypothesis, we did not find a high internal consistency of the QoR-PACU. In future studies, 323 

the QoR-PACU should be evaluated in more heterogeneous patient populations including female 324 

and gender-diverse patients with varying degress of perioperative risk.  325 

  326 
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S1 Table. QoR-PACU Version 3.0 preoperative. 446 

 447 

S2 Table. QoR-PACU Version 3.0 postoperative. 448 

 449 

S3 Table. Postoperative interitem correlation. 450 

S3 Table: Postoperative assessment: Interitem correlations for the 13 items of the QoR-PACU 451 

score. Correlations are expressed as Pearson correlation coefficients.  452 
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