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Abstract

Background/Objectives

This study aimed to study one-month recovery profile and to identify predictors of Quality of

Recovery (QOR) after painful day surgery and investigate the influence of pain therapy on

QOR.

Methods/Design

This is a secondary analysis of a single-centre, randomised controlled trial of 200 patients

undergoing ambulatory haemorrhoid surgery, arthroscopic shoulder or knee surgery, or

inguinal hernia repair between January 2016 and March 2017. Primary endpoints were one-

month recovery profile and prevalence of poor/good QOR measured by the Functional

Recovery Index (FRI), the Global Surgical Recovery index and the EuroQol questionnaire at

postoperative day (POD) 1 to 4, 7, 14 and 28. Multiple logistic regression analysis was per-

formed to determine predictors of QOR at POD 7, 14, and 28. Differences in QOR between

pain treatment groups were analysed using the Mann-Whitney U test.

Results

Four weeks after haemorrhoid surgery, inguinal hernia repair, arthroscopic knee and arthro-

scopic shoulder surgery, good QOR was present in 71%, 76%, 57% and 24% respectively.

Poor QOR was present in 5%, 0%, 7% and 29%, respectively. At POD 7 and POD 28, pre-

dictors for poor/intermediate QOR were type of surgery and a high postoperative pain level
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at POD 4. Male gender was another predictor at POD 7. Female gender and having a paid

job were also predictors at POD 28. Type of surgery and long term fear of surgery were pre-

dictors at POD 14. No significant differences in total FRI scores were found between the two

different pain treatment groups.

Conclusions

The present study shows a procedure-specific variation in recovery profile in the 4-week

period after painful day surgery. The best predictors for short-term (POD 7) and long-term

(POD 28) poor/intermediate QOR were a high postoperative pain level at POD 4 and type of

surgery. Different pain treatment regimens did not result in differences in recovery profile.

Trial registration

European Union Clinical Trials Register 2015-003987-35.

Background

Recent developments in assessment of quality parameters after surgery have led to the imple-

mentation of Quality of Recovery (QOR) as a principal endpoint after day case surgery. The

QOR is related to various aspects of patients´ daily living after discharge at home [1]. QOR is a

complex phenomenon where many aspects in physical, psychological and social health are

involved and which is a subjective experience by the patient [1]. Thus, the key for evaluating

QOR is an assessment from the patient´s perspective by using the patient own ratings.

After day case surgery, both patients and health care providers expect a good quality and fast

recovery including a rapid return to daily and work activities without suffering from moderate to

severe pain or functional disability [2, 3]. However, the recovery process is quite variable and

after some types of surgery, complete recovery may take several weeks and even months [3, 4].

Furthermore, most of the recovery process occurs at home and places greater responsibility on

the patients and their relatives [5]. The recovery process relies on well-documented oral and writ-

ten information to evaluate if their perceived recovery trajectory is normal or pathological. It has

been shown that better patient information can reduce perioperative anxiety itself and the elicited

negative effects on outcome [6]. Also, inadequate functional health literacy, defined as a patient´s

capacity to gain and process information to maintain good health, seems to be associated with

poorer QOR after day case surgery [5]. Consequently, excellent information provision seems cru-

cial to promote a good QOR. To provide this information, recovery profile, i.e. the course of

recovery at different time points after different types of day case surgery should be mapped.

Some patient- and surgery-related characteristics may be associated with an unfavourable

outcome [4, 7]. As a result, there is a need for more in-depth understanding of the variability

of QOR in the first month after day case surgery and the influence of demographic, psycholog-

ical, social and perioperative factors on global perceived QOR. This knowledge would allow to

discriminate between a normal and pathological recovery trajectory. Furthermore, identifica-

tion of predictors of poor QOR in the first month after day case surgery may lead to the intro-

duction of techniques aiming at improving QOR. Finally, the urge for unplanned contacts

with health professionals may be reduced, patient expectations may be adjusted and follow-up

care can be scheduled [8–10].

It has already been suggested that adequate acute postoperative pain management may

result in an improvement of the QOR in the post discharge period [11, 12]. Consequently, the
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influence and effect of pain therapy on the recovery profile might be an important starting

point to improve QOR after surgery in the future.

There are several patient-reported instruments for assessing QOR after day case surgery

[13, 14]. The convenient and validated Global Surgical Recovery (GSR) index represents a sin-

gle question about the extent to which patients considered themselves to be globally recovered

from the surgery [15]. The functional recovery index (FRI) is a tool specifically developed to

assess different domains of recovery after day case surgery [1, 16]. Also, Quality Of Life (QOL)

questionnaires may fulfil the requirements as useful indicators of surgical recovery [4]. How-

ever, so far there is no general agreement on the optimal instruments for evaluating recovery

and outcome following day case surgery [17].

This study aimed to analyse the QOR at different time points after four specific types of day case

surgery, each known to have a high incidence of poor QOR at the fourth postoperative day (POD)

[18]. We hypothesized that each type of day case surgery included in our trial will have a unique

recovery profile. In addition, we aimed to identify predictors of poor/intermediate QOR after day

case surgery and to investigate the influence of acute pain and pain therapy on recovery profile.

Materials and methods

The present prospective, observational study analysed data from a large randomized trial

investigating if a combination of metamizole and paracetamol is non-inferior to a combination

of ibuprofen and paracetamol in the treatment of acute postoperative pain at home after pain-

ful day case surgery executed in the JESSA Hospital Hasselt, Belgium. These data have been

published in the European Journal of Anaesthesiology [19]. The complete study protocol has

also been published in Trials [20]. Briefly, this study was approved by the ethical committee of

the JESSA Hospital Hasselt, Belgium (Chairperson Dr. Koen Magerman, registration number

15.105/pijn15.02) on 21 September 2015 and by the European Union Drug Regulating Author-

ities Clinical Trials (EudraCT Number 2015-003987-35).

After obtaining written informed consent, we recruited 200 patients scheduled for elective

day case haemorrhoid surgery (n = 50), arthroscopic shoulder (n = 50) or knee (n = 50) sur-

gery, or inguinal hernia repair (n = 50) between 28 January 2016 and 31 March 2017. Patients

with ASA physical status 1–3 between 18 and 70 years of age and a Body Weight > 50kg were

included. Exclusion criteria were inpatient surgery, pregnancy, cognitive impairment, no

understanding of the Dutch language, preoperative pharmacologic pain treatment and/or a

history of chronic pain, a history of substance abuse, or use of medication with a suppressive

effect on the central nervous system, allergy to or a contraindication for taking the study medi-

cation (e.g. paracetamol, metamizole, ibuprofen or another NSAID), fever or other signs of

infection and for patients undergoing arthroscopy shoulder: refusal of an interscalene block.

Baseline assessment measurements included the participants’ age, gender, Body Mass Index

(BMI), ASA classification, work status, highest level of education, pre-operative pain intensity

(on a Numerical Rating Scale (NRS) with 0 indicating no pain and 10 indicating worst pain)

and expected postoperative pain intensity (NRS-score). The eight-item Surgical Fear Ques-

tionnaire (SFQ) was included to assess baseline fear of the surgical procedure [18, 21]. Within

the SFQ, four items refer to fear of short term consequences (e.g. pain, side effects) and four

items refer to fear of long term consequences (e.g. deterioration of health) [21].

Perioperative procedure

All patients scheduled for an arthroscopic shoulder procedure received an interscalene block

preoperatively. In accordance with local practice, general anaesthesia was induced with alfen-

tanil 10 mcg/kg i.v., sufentanil 0.15 mcg/kg i.v. and propofol 2mg/kg i.v.. Patients undergoing
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arthroscopic shoulder surgery or laparoscopic inguinal hernia repair also received rocuronium

0.6 mg/kg i.v. before endotracheal intubation. A laryngeal mask airway was inserted in all

other patients. Anaesthesia was maintained with sevoflurane in a mixture of 50:50 air/oxygen.

All patients received ondansetron 4 mg IV at the end of surgery. Duration of surgery was

recorded.

Postoperatively, all patients were treated with subsequent bolus injections of piritramide

2mg intravenously until an NRS� 3 was achieved in the Post Anaesthesia Care Unit (PACU).

Before hospital discharge, patients received the study medication (metamizole + paracetamol

versus ibuprofen + paracetamol) and instructions for use.

Outcome measures

The primary outcome measure is the recovery profile measured by 3 different tools at baseline

and by telephone call at POD 1 to 4, 7, 14 and 28 to assess the course of recovery over time.

First, the FRI is a validated questionnaire specifically developed to assess post-discharge func-

tional QOR after day case surgery and covers 14 items divided in to 3 different domains: pain

and social activity consisting of 7 questions involving work, physical activity and pain; lower

limb activity involving 4 questions regarding different movements of the legs; and general

physical activity involving 3 questions regarding dressing, washing, and resting. All these items

are scored on a scale from 0 to 10, with 0 = no difficulty and 10 = extreme difficulty with the

activity [1]. Second, the validated GSR index represents a single question about the extent to

which patients considered themselves to be recovered from the surgery with 0% indicating not

recovered at all and 100% indicating a full recovery [15]. Third, the 5-dimensional EuroQol

(EQ-5D) questionnaire is a widely used non-disease specific instrument developed for describ-

ing and valuing health-related QOL [22] and has already been used to assess intermediate (4

days) and late (2 weeks– 6 months) QOR after day case surgery [18, 23, 24]. The EQ5D focuses

on five topics i.e. mobility, self-care, daily activities, pain/discomfort and anxiety [22]. These

are ranged from 1 indicating no difficulty at all to 5 indicating extremely difficult/being inca-

pable [22]. In addition, we assessed the prevalence of poor, intermediate and good QOR and

tried to identify predictors of poor QOR, based on the following definition: QOR is defined as

good if both the GSR index is>80% [25, 26] and if the postoperative EQ-5D is unchanged or

improved as compared with baseline [18]. QOR is defined as poor if both the GSR index is

�80% and if the postoperative EQ-5D is reduced as compared with baseline [18]. QOR is

defined as intermediate in all other cases [18]. Furthermore, we also applied an alternative defi-

nition of recovery, based on the FRI score: recovery was predefined into recovered and

improved [3]. Recovered was defined as the absence of a significant difference between total

median postoperative FRI score and baseline FRI score. Improved was defined as a significant

improvement of total median postoperative FRI score compared with baseline. To assess the

recovery process of individual patients, an FRI score between 5 points higher and 10 points

higher than baseline FRI score was considered recovered. An FRI score > 10 points lower than

baseline was considered improved. Finally, we assessed potential differences in QOR between

the 2 different pain treatment groups.

Secondary outcome measures included pre-operative and post-operative pain intensity and

were evaluated at baseline and POD 1 to 4, 7, 14 and 28 with a Numerical Rating Scale (NRS)

with 0 indicating no pain and 10 indicating worst pain.

Statistical analysis

All baseline characteristics and the primary outcome measure are presented as median (25th -

75th percentile) or as absolute numbers (%). Missing baseline values were imputed using
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multiple imputation. The number of imputations was set to 10. The Wilcoxon signed-rank test

and a Bonferroni adjustment were used to compare median postoperative FRI scores with

baseline. Differences in QOR between pain treatment groups were analysed using the Mann-

Whitney U test.

For the prediction of poor and intermediate versus good QOR at respectively POD 7, 14

and 28 postoperatively, a multiple logistic regression analysis was performed. The following

variables were tested for their predictive value: age, gender, baseline total EQ-5D, education,

profession, BMI, type of surgery, fear of short- and long-term aspects of surgery, pre-operative

pain intensity, duration of surgery, type of surgery and pain intensity at POD 4. The goodness

of fit (GOF) of the logistic model was evaluated with the Hosmer and Lemeshow test and the

quality of prediction was evaluated with the Nagelkerke R square test. Based on the classifica-

tion table, we calculated the False Positive Rate. A p-value <0.05 is considered statistically sig-

nificant. All analyses were performed using SPSS 24.0 (IBM1 SPSS1 Inc, Chicago, Illinois,

USA). Graphs were made using Prism 7.0 (Prism1, GraphPad Software, Inc, La Jolla, Califor-

nia, USA).

Results

A flow chart of patient selection and exclusion is presented in Fig 1. Four hundred and two

patients were screened for eligibility, of which 202 patients were excluded due to refusal to par-

ticipate (n = 57), not meeting the inclusion criteria (n = 137) or undergoing spinal anaesthesia

(n = 8). This resulted in data of 169 patients for the final analysis. No adverse events were

reported during the study. Baseline and perioperative characteristics of all included patients

are presented in Table 1.

Fig 2 shows the medians and interquartile ranges of EQ-5D index scores, GSR index scores

and total FRI scores at baseline and at POD 1 to 4, 7, 14 and 28, respectively. In contrast to the

EQ-5D and GSR-I, a high total FRI score indicated poor QOR and vice versa.

The prevalence of poor, intermediate and good QOR stratified per type of surgery is pre-

sented in Table 2. Four weeks after day case haemorrhoid surgery, inguinal hernia repair,

arthroscopic knee and arthroscopic shoulder surgery, poor QOR was found in 5%, 0%, 7% and

29% of patients, respectively. Furthermore, good QOR was present in 71%, 76%, 57% and 24%

of patients four weeks after the former four types of surgery, respectively.

Baseline total median FRI score was compared with total median FRI scores at follow-up

POD 1 to 4, 7, 14 and 28, based on a Wilcoxon signed-rank test and Bonferroni adjustment

(Table 3). Based on total median scores, recovery was complete two weeks after haemorrhoid

surgery, arthroscopic knee surgery and inguinal hernia repair. Improvement was present four

weeks after inguinal hernia repair and arthroscopic shoulder surgery.

The percentage of recovered and improved individual patients is presented in Fig 3. Four

weeks after haemorrhoid surgery, arthroscopic knee surgery, inguinal hernia repair and

arthroscopic shoulder surgery, recovery was incomplete in 14%, 17%, 19% and 13% of individ-

ual patients, respectively.

Predictors and prediction model of poor/intermediate versus good QOR at

POD 7, 14 and 28

The results of the multiple logistic regression analysis for poor/intermediate versus good QOR

at POD 7, 14 and 28 are presented in Table 4. At POD 7, male gender, postoperative pain on

POD4 and type of surgery were found to be the most important predictors for poor/intermedi-

ate QOR.
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At POD 14, fear of long-term aspects of surgery and type of surgery were predictors for

poor/intermediate QOR. Female gender, having a paid job, postoperative pain on day 4 and

type of surgery were found to be predictors for poor/intermediate QOR at day 28.

No significant differences between the two different pain treatment groups (metamizole

and paracetamol versus ibuprofen and paracetamol) were found during the pain treatment

period (Table 5) and at the subsequent follow-up days (Fig 4) for the total FRI scores.

Discussion

In this secondary analysis of a prospective, randomised controlled trial, we investigated the

one-month recovery profile after four types of painful day case surgery. These types of surgery

were selected because they are associated with a high incidence of poor QOR at the fourth

postoperative day [18]. Furthermore, we assessed the prevalence of poor and good QOR, based

on different definitions, and tried to identify predictors of poor QOR. Finally, we assessed the

influence of different pain treatment regimens on QOR.

Fig 1. Study flow diagram. LOFU: Loss to follow-up, POD: post-operative day.

https://doi.org/10.1371/journal.pone.0245774.g001
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The results of the present study suggest that QOR course varies with type of surgery. For

example, baseline scores of FRI and EQ-5D were remarkably worse for patients undergoing

arthroscopic shoulder surgery compared with patients undergoing day case haemorrhoid sur-

gery or inguinal hernia repair (Fig 2). Four weeks after arthroscopic shoulder surgery, FRI-,

EQ-5D- and GSR- scores were still much worse compared with the other 3 types of day case

surgery. These variations in recovery profile are also reflected in the prevalence of good and

poor QOR at different time points after surgery. For example, on POD 28, only 24% of patients

after arthroscopic shoulder surgery reported good QOR, compared with 71%, 76% and 57%

after haemorrhoid surgery, inguinal hernia repair and arthroscopic knee surgery, respectively.

However, based on an alternative definition, recovery was incomplete in only 13% to 19% of

all patients and improvement was shown in all four surgery groups at POD 28.

Previous studies have already pointed out that the recovery process may take multiple

weeks or even months, depending on patient and surgical characteristics and that each type of

surgery has its own unique recovery trajectory [3, 4]. Therefore, the International Association

for Ambulatory Surgery (IAAS) has recommended that follow-up after day case surgery

should at least take place at day 1, day 14 as well as day 30 [3]. We included more assessment

points in order to be able to create a better documented recovery profile.

Unfortunately, there are no universally accepted definition and analytic criteria for poor

QOR and no universally accepted instrument to measure QOR [27]. As shown in this study,

Table 1. Baseline characteristics.

Haemorrhoid surgery

(n = 42)

Inguinal hernia repair

(n = 43)

Arthroscopy knee

(n = 43)

Arthroscopy shoulder

(n = 41)

Age (years) 50.0 (45.7–52.6) 58.0 (50.6–58.2) 50.0 (46.3–53.7) 50.0 (45.6–51.4)

BMI (kg/m2) 25.8 (24.9–27.3) 24.4 (24.1–26.0) 26.5 (24.1–26.0) 26.5 (25.8–28.2)

Gender (male/female) 25/17 (59.5/40.5) 40/3 (93.0/7.0) 33/10 (76.7/23.3) 17/24 (41.4/58.6)

Employment status

Unemployed 11 (26.2) 21 (48.8) 12 (28.0) 12 (29.2)

Paid work 31 (73.8) 22 (51.2) 31 (72.0) 29 (70.8)

Missing data 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Education level

Primary/junior secondary education 9 (21.4) 10 (23.3) 9 (20.9) 13 (31.7)

Upper secondary education 23 (54.7) 18 (41.8) 23 (53.5) 12 (29.2)

Higher education 10 (23.9) 15 (34.9) 11 (25.6) 16 (34.3)

Missing data 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

ASA-classification

ASA I 12 (28.5) 17 (39.5) 20 (46.5) 11 (26.8)

ASA II 26 (62.4) 24 (55.9) 15 (34.9) 23 (56.1)

ASA III 2 (4.7) 0 (0.0) 2 (4.6) 3 (7.3)

Missing data 2 (4.7) 2 (4.6) 6 (14.0) 4 (9.8)

Last week: pain associated with the condition (yes/

no/missing)?

20/20/2 (47.6/47.6/4.8) 21/22/0 (48.8/51.2/0.0) 32/11/0 (74.4/25.6/0.0) 39/2/0 (95.1/4.9/0.0)

Average pain 4.0 (3.8–6.0) 3.0 (2.8–4.5) 4.5 (3.8–5.2) 6.0 (6.1–7.2)

Influence pain on daily activities 4.5 (3.3–5.9) 2.0 (1.9–3.9) 4 (3.3–5.0) 6.0 (5.5–6.8)

Short-term surgical fear (0–40) 15.0 (12.7–18.3) 10.5 (9.1–14.6) 9.0 (7.4–12.6) 13.0 (12.3–19.0)

Long-term surgical fear (0–40) 5.0 (5.5–10.0) 5.0 (4.4–9.1) 7.0 (6.1–10.0) 12.0 (9.6–15.0)

Expected pain (0–10) 7.0 (5.8–7.2) 5.0 (3.0–6.0) 5.0 (4.4–5.7) 5.0 (4.1–5.7)

Duration of surgery (min) 14.0 (13.0–18.1) 22.0 (22.0–29.4) 28.5 (27.5–37.6) 45.0 (42.3–51.0)

Data are presented as median (25th - 75th percentile) or as absolute numbers (%). BMI: body mass index, ASA: American Society of Anaesthesiologists.

https://doi.org/10.1371/journal.pone.0245774.t001
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the applied definition of QOR has a major impact on the prevalence of poor and good QOR

and as a result, the prevalence of poor QOR varies strongly. Therefore, we suggest the develop-

ment of a “statement of consensus on the assessment of QOR after day case surgery” by the

IAAS. This statement should include information on the recommended time points of assess-

ment, the recommended instruments to assess QOR and the analytic criteria to define poor

and good QOR.

Fig 2. Median and interquartile range of EQ-5D index scores (A), GSR index scores (B) and FRI total scores (C).

https://doi.org/10.1371/journal.pone.0245774.g002
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The aim of most ambulatory surgical procedures is not to increase life expectancy and cer-

tainly not to immediately save a patient’s life but to improve the patient’s QOL. Therefore, a

quick recovery after day case surgery is of paramount importance. In this study, improved

QOL was found in> 50% of patients four weeks after day case orthopaedic surgery

and> 30% of patients four weeks after inguinal hernia repair and after haemorrhoid surgery

(Fig 3). These findings can be explained by a lower baseline QOL in our cohort of patients

undergoing orthopaedic surgery which can more easily be improved.

Improving QOR implies knowledge of the different variables that influence QOR after day

case surgery. Therefore, another primary goal of this study was to identify predictors of poor

Table 2. Number of patients (%) reporting a good, intermediate and poor recovery after ambulatory surgery on

different postoperative days (POD).

Good recovery Intermediate recovery Poor recovery

Haemorrhoid surgery (n = 42)

POD 1 3 (7.14%) 5 (11.9%) 34 (80.95%)

POD 2 2 (4.76%) 8 (19.04%) 32 (76.19%)

POD 3 2 (4.76%) 7 (16.66%) 33 (78.57%)

POD 4 5 (11.9%) 7 (16.66%) 30 (71.43%)

POD 7 5 (11.9%) 6 (14.28%) 31 (73.81%)

POD 14 18 (42.86%) 13 (30.95%) 11 (26.19%)

POD 28 30 (71.43%) 10 (23.81%) 2 (4.76%)

Inguinal hernia repair (n = 43)

POD 1 6 (14.95%) 14 (32.55%) 23 (52.50%)

POD 2 8 (18.60%) 17 (39.53%) 18 (41.87%)

POD 3 9 (20.93%) 20 (46.51%) 14 (32.56%)

POD 4 11 (25.57%) 18 (41.87%) 14 (32.56%)

POD 7 18 (41.87%) 18 (41.87%) 7 (16.26%)

POD 14 25 (58.14%) 14 (32.55%) 4 (9.31%)

POD 28 32 (74.42%) 11 (25.58%) 0 (0%)

Knee arthroscopy (n = 43)

POD 1 3 (6.98%) 13 (30.23%) 27 (62.79%)

POD 2 7 (16.28%) 14 (32.55%) 22 (51.17%)

POD 3 9 (20.9.%) 18 (41.86%) 16 (37.54%)

POD 4 9 (20.9%) 18 (41.86%) 16 (37.54%)

POD 7 13 (30.23%) 15 (39.54%) 13 (30.23%)

POD 14 22 (48.84%) 13 (30.23%) 8 (20.93%)

POD 28 25 (58.14%) 15 (34.88%) 3 (6.98%)

Shoulder arthroscopy (n = 41)

POD 1 5 (12.19%) 10 (24.39%) 26 (63.41%)

POD 2 5 (12.19%) 12 (29.27%) 24 (53.53%)

POD 3 1 (2.4%) 20 (48.78%) 20 (48.78%)

POD 4 6 (14.63%) 22 (53.66%) 13 (31.70%)

POD 7 3 (7.32%) 25 (60.97%) 13 (31.70%)

POD 14 12 (29.27%) 21 (51.22%) 8 (19.51%)

POD 28 10 (24.39%) 19 (46.34%) 12 (29.27%)

QOR is defined as good if both the GSR index is >80% and if the postoperative EQ-5D is unchanged or improved as

compared with baseline. QOR is defined as poor if both the GSR index is�80% and if the postoperative EQ-5D is

reduced as compared with baseline. QOR is defined as intermediate in all other cases [18].

https://doi.org/10.1371/journal.pone.0245774.t002
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QOR at POD 7, 14 and 28 after day case surgery. Our data showed that a high postoperative

pain level at POD 4 and type of surgery were the most important predictors of poor/intermedi-

ate QOR. At POD 7, male gender was also predictive for poor/intermediate QOR. Fear of

long-term aspects of surgery was a predictor of poor/intermediate QOR at POD 14. Finally,

having a paid job and female gender were independent predictors at POD 28.

Table 3. FRI baseline compared to follow-up days.

Haemorrhoid surgery Inguinal hernia repair Arthroscopy knee Arthroscopy shoulder

Baseline versus POD1 -61.0 (-87.0;-35.3)� -49.0(-65.0;-17)� -54.0(-70.0;-31.5)� -27.0(-50.5;-10.0)�

Baseline versus POD2 -50.5(-76.0;-25.5)� -24.0(-49.0;-6.5)� -37.0(-57.0;-14.5)� -18.0(-42.0;-3.0)�

Baseline versus POD3 -48.0(-67.8;-25.8)� -13.0(-43.5;0.0)� -24.5(-37.0;-0.3) -8.5(-34.3;3.0)

Baseline versus POD4 -42.0(-70.0;-28.0)� -15.0(-39.0;-1.0) -20.0(-40.0;-2.0) -7.0(-26.0;16.0)

Baseline versus POD7 -32.0(-58.3;-19.0)� -8.0(-14.0;0.5) -15.0(-32.0;3.8) -3.0(-17.0;21.0)

Baseline versus POD14 -5.5(-19.3;0.5) -1.0(-3.0;8.0) -1.0(-10.8;26.3) 5.0(-13.0;26.0)

Baseline versus POD28 3.0(-0.8;16.0) 5.5(0.0;33.3)� 18.5(1.0;37.0) 18.0(2.5;37.0)�

Differences (baseline—postoperative day) are presented as median (25th; 75th percentile).
�

P-value <0.0018, (Wilcoxon signed rank test with Bonferroni adjustment). POD: PostOperative Day.

https://doi.org/10.1371/journal.pone.0245774.t003

Fig 3. Number of patients recovered (A) and improved (B) at different time points compared to baseline FRI after ambulatory surgery. POD: postoperative day. An FRI

score in the range of 5 points higher or 10 points lower than baseline FRI is considered recovered. An FRI score 10 points lower than baseline is considered improved.

https://doi.org/10.1371/journal.pone.0245774.g003
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The positive correlation between postoperative pain and poor QOR has already been sug-

gested in a previous study. A large prospective cohort study found that patient derived

expected pain, which is a good predictor of high postoperative pain levels [28], is also a predic-

tor of poor QOR at POD 4 [18]. This makes sense as postoperative pain plays a pivotal role in

the QOR after surgery and is also known to be closely related with not only the physical status

but also socio-cultural, cognitive, psychological and functional dimensions [1]. In contrast, we

were not able to detect a significant difference in QOR between the two different pain treat-

ment groups (see Table 5). The latter might be explained by the fact that pain levels were simi-

lar in both treatment groups [19].

Female gender has already been shown to be a predictor for poor recovery after surgery

[29–31]. This may be explained by differences in biology e.g. hormones and genetics [32]. In

this study however, we found an association between female gender and long-term (POD 28)

poor/intermediate QOR. In contrast, short-term (POD 7) poor/intermediate QOR was associ-

ated with male gender. These observations suggest that gender may influence the course of

Table 4. Multiple logistic regression analysis for poor/intermediate versus good QOR at POD 7, 14 and 28.

Independent variable Poor/Intermediate vs Good QOR

Day 7

p-value Poor/Intermediate vs Good QOR

Day 14

p-value Poor/Intermediate vs Good QOR

Day 28

p-value

Gender 3.79 (1.11, 12.95) 0.03 0.86 (0.33, 2.22) 0.75 0.25 (0.10, 0.66) <0.01

Profession 1.08 (0.36, 3.21) 0.89 1.58 (0.65, 3.83) 0.31 4.09 (1.55, 10.80) <0.01

Education 1.40 (0.44, 4.44) 0.56 0.67 (0.29, 1.54) 0.34 0.85 (0.36, 2.02) 0.71

BMI 0.95 (0.83, 1.08) 0.43 1.07 (0.95, 1.19) 0.25 1.01 (0.90, 1.12) 0.93

Duration of surgery 0.99 (0.96, 1.03) 0.78 1.00 (0.97, 1.03) 0.99 1.01 (0.98, 1.04) 0.58

Fear short term 0.99 (0.92, 1.06) 0.78 0.97 (0.92, 1.02) 0.24 0.97 (0.92, 1.03) 0.37

Fear long term 1.01 (0.92, 1.11) 0.82 1.07 (1.00, 1.15) 0.05 1.04 (0.97, 1.11) 0.30

Preoperative pain 1.26 (0.38, 4.15) 0.70 1.20 (0.48, 3.05) 0.70 0.76 (0.28, 2.04) 0.59

Postoperative pain on

day 4

4.82 (1.15, 20.21) 0.03 2.11 (0.81, 5.50) 0.13 3.46 (1.25, 9.56) 0.02

Age 1.02 (0.98, 1.07) 0.35 1.00 (0.96, 1.04) 0.97 1.02 (0.98, 1.06) 0.29

Baseline EQ5D 3.20 (0.39, 25.98) 0.28 2.35 (0.40, 13.98) 0.35 2.65 (0.32, 21.68) 0.36

Haemorrohoid surgery 3.77 (0.79, 18.00) 0.10 1.32 (0.42, 4.10) 0.63 0.54 (0.15, 2.01) 0.36

Knee arthroscopy 4.02 (1.14, 14.20) 0.03 5.22 (1.77, 15.38) <0.01 1.96 (0.65, 5.91) 0.23

Shoulder arthroscopy 54.10 (4.25, 688.25) <0.01 4.93 (1.08, 22.49) 0.04 8.40 (1.71, 41.19) <0.01

Data are presented as odds ratio (95% CI). Hosmer and Lemetest shows the goodness of fit of the model (POD 7: p = 0.85, POD 14: p = 0.11 and POD 28: p = 0.87)

Nagelkerke R2 was calculated (0.29 for POD7, 0.32 for POD 14 and 0.47 for POD28). The false positive rate was 16% for POD7, 20% for POD14 and 26% for POD28. A

p-value<0.05 is considered statistically significant.

https://doi.org/10.1371/journal.pone.0245774.t004

Table 5. FRI scores stratified by postoperative pain treatment.

Ibuprofen + Paracetamol (ITT: n = 98) Metamizole + Paracetamol (ITT: n = 98) P-value

FRI (0–140)

ITT analysis

POD 1 76.00 (52.00–98.00) 80.00 (60.00–98.00) 0.383

POD 2 62.50 (39.00–84.00) 68.00 (48.50–87.00) 0.832

POD 3 54.00 (27.00–77.75) 57.00 (33.50–86.50) 0.263

Data are presented as median (25th - 75th percentile). No significant differences between treatment groups were found based on the Mann-Whitney U test. FRI:

functional recovery index.

https://doi.org/10.1371/journal.pone.0245774.t005
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recovery. The association between arthroscopic shoulder surgery and poor/intermediate QOR

is already described in literature [18, 33].

E-health, defined as the use of information and communication technologies (ICT) for

health, is a promising new strategy to optimize QOR after surgery. Van der Meij et al. [34]

reported that a personalized e-health intervention at home after inpatient abdominal surgery

can speed up the return to normal activities compared with usual care. Jaensson et al. [35], also

proved that a systematic follow-up smartphone-based assessment may increase patients´ QOR

after day case surgery. These e-health tools are dependent on data on normal and pathological

recovery trajectories after different types of surgery as provided in studies as these. Starting

from these data, intervention algorithms may be developed and implemented in an e-health

program to improve QOR.

Our study contains some limitations. First, we didn’t evaluate QOR with more surgery-spe-

cific instruments. For example, the Constant-Murley score, an instrument to evaluate overall

shoulder function, may be more sensitive to assess QOR after day case arthroscopic shoulder

surgery than the FRI or EQ-5D [36]. However, we specifically applied those broader tools to

make comparison between different types of surgery possible. Second, The response rate of

this questionnaire-based decreased with time. Still, telephone follow-up resulted in a 80.5%

response rate at four weeks which is better than other questionnaire-based surveys [5]. Third,

assessment of postoperative QOR still lacks a standard definition and there is a multitude of

QOR measurement tools which make comparison with other studies challenging [27]. Finally,

this is a monocentric study. As a result, the generalizability of our results can be questioned.

In conclusion, the present study shows a clear procedure-specific variation in recovery pro-

file in the 4-week period after painful day case surgery. One of the best predictors for short-

term (POD 7) and long-term (POD 28) poor/intermediate QOR was a high postoperative pain

level at POD 4. Other predictors for poor QOR were having a paid job, fear of long-term

aspects of surgery, type of surgery and gender. Different pain treatment regimens didn’t result

in differences in QOR (or in postoperative pain level).

Fig 4. Quality of Recovery (QOR) at baseline and during follow-up. Total functional recovery index (FRI) scores are

presented as median (25th - 75th percentile) for the “intention to treat” population. No significant differences were

found between pain treatment groups based on the Mann-Whitney U test. QOR at follow-up was also compared to

baseline (based on a Wilcoxon signed-rank test and Bonferroni adjustment). Significant differences from baseline are

presented with an asterisk (�).

https://doi.org/10.1371/journal.pone.0245774.g004
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