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llustration: A lady mobilized to sitting in a chair within 2 hours after arrival at the
postoperative recovery unit after abdominal surgery. By Kristina Kindblom 2021

There are things known and there are things unknown, and in between
are the doors of perception.

Aldous Huxley

We see the world as 'we' are, not as "it" is; because it is the "1'" behind the
‘eye’ that does the seeing.

Anais Nin


https://www.azquotes.com/author/10832-Anais_Nin




ABSTRACT

To prevent postoperative complications after abdominal surgery, mobilization is highly
recommended and suggested to start as soon as possible. However, few studies have
investigated the respiratory effects of immediate postoperative mobilization among patients
undergoing elective open or robot-assisted laparoscopic abdominal surgery. Nor have
patients” and healthcare professionals” experiences of such an early mobilization procedure
been investigated.

Participants in study I to 111 were recruited from an out-patient pre-anesthesia clinic at
Karolinska University Hospital Solna, Stockholm. For paper IV, the participants were
recruited from the postoperative recovery unit at the same hospital. Paper | was a 3-armed
RCT, consecutively including 214 patients who underwent elective open or robot-assisted
laparoscopic gynecological, urological, or endocrinological abdominal surgery with an
anesthetic duration of >2 hours. Patients were randomized to mobilization only (to sitin a
chair) (n = 76), mobilization (to sit in a chair) in combination with breathing exercises (n =
73), or to be controls (no treatment) (n = 65). The interventions started within 2 hours after
arrival at the postoperative recovery unit. The results showed that compared with the controls,
SpO2 and PaO> improved for patients in the intervention groups. Paper 11 was a secondary
analysis of data from the RCT including the patients who were assigned to and complied with
the mobilization interventions (n = 137). Mobilization initiation time and duration of
mobilization were investigated in relation to SpO2 and PaO». The results indicated that
mobilization within the first hour after surgery was not superior to being mobilized within the
second hour regarding SpO2 and PaO. Further, SpO> and PaO> were similar between the
groups irrespective of whether the patients were mobilized for less than 30 minutes, between
30 and 90 minutes, or longer than 90 minutes. Paper I11 included face-to-face interviews
with 23 patients who were randomized to one of the mobilization interventions. The
overarching theme that emerged from the content analysis was “To do whatever it takes to
get home earlier”, which was built on the three categories; “The impact of mobilization”, “To
feel safe and be confident with the mobilization process”, and “Experiences and motivational
factors”. Paper 1V, was an interview study of 17 healthcare professionals who had been
involved in mobilization of patients in the RCT. The interviews were analyzed with content
analysis and resulted in the overarching theme “A changed mindset” which represented a
turning point when the healthcare professionals observed that mobilization was safe and
beneficial for the patients, and their safety concerns were reduced.

The overall conclusion of this thesis was that mobilization immediately after abdominal
surgery improved SpO> and PaO.. Initiation time and duration of mobilization seemed to be
of less importance. Patients found that it improved their physical and mental well-being. The
healthcare professionals ‘experienced the postoperative recovery unit was a safe place for
initiating mobilization as long as they had access to sufficient resources and a well-
functioning multiprofessional team of nurses, assistant nurses and physiotherapists.



SAMMANFATTNING

Patienter som genomgatt bukkirurgi rekommenderas att mobiliseras sa tidigt som mojligt
eftersom det anses forebygga risken for postoperativa komplikationer. Fa studier har dock
undersokt de respiratoriska effekterna av omedelbar postoperativ mobilisering for patienter
som genomgatt elektiv 6ppen eller robot-assisterad laparoskopisk bukkirurgi. Inte heller har
patienter eller vardgivares erfarenheter av en sa tidig mobiliseringsprocedur undersokts.

Deltagarna i studie I till 111 rekryterades pa pre-anestesikliniken och deltagarna till studie IV
rekryterades pa den postoperativa vardavdelningen vid Karolinska universitetssjukhuset
Solna, Stockholm. Studie I var en 3-armad RCT, dér 214 patienter som genomgatt elektiv
Oppen eller robotassisterad laparoskopisk gynekologisk, urologisk eller endokrinologisk
bukkirurgi, med en anestesitid > 2 timmar konsekutivt inkluderades. Patienterna
randomiserades till mobilisering (att sitta i en fatolj) (n = 76), till mobilisering (att sitta i en
fatolj) och andningsgymnastik (n = 73), eller till kontrollgruppen (ingen intervention) (n =
65). Interventionerna startade inom tva timmar efter ankomst till den postoperativa
vardavdelningen. Patienterna i interventionsgrupperna forbéattrades i SpO2 och PaO-, inga
sadana forbattringar noterades for kontrollgruppen. Studie 11 var en sekundér analys av data
fran RCTn och inkluderade patienter som randomiserats till och fullfoljt endera av de tva
mobiliseringsinterventionerna (n=137). Mobiliseringsstart och varaktighet av mobiliseringen
undersoktes i forhallande till utfall i SpO2 och PaO-. Studien indikerade att mobilisering inom
en timme efter Kirurgi inte var béttre for utfall i SpO2 och PaO; jamfért med om
mobiliseringen startade inom den andra timmen efter kirurgi. Det forelag inte heller nagra
skillnader géllande utfall i SpO2 och PaO; for patienter som mobiliserades kortare an 30
minuter, mellan 30 och 90 minuter eller 6ver 90 minuter. Studie 111 var en kvalitativ studie
dar enskilda intervjuer genomfordes pa ett urval patienter (n = 23) som erhallit nagon av
mobiliseringsinterventionerna i RCTn. Det 6vergripande temat som framkom ur
innehallsanalysen var ”Att gora vad som krévs for att komma hem tidigare”, vilket baserades
pa kategorierna; Effekten av mobilisering, Att kdnna sig trygg och séker med
mobiliseringsprocessen och Erfarenheter och motiverande faktorer. Studie IV var en
intervjustudie av 17 vardgivare som varit involverade i mobilisering av patienter i RCTn.
Intervjuerna analyserades med innehallsanalys och resulterade i ett dvergripande tema “En
fordndrad instéllning” vilket representerar en vindpunkt da vardpersonalens oro reducerades
nar de noterade att mobiliseringen var saval saker som valgérande for patienterna.

Den Overgripande slutsatsen av denna avhandling &r att mobilisering omedelbart efter
bukkirurgi forbattrade SpO, och PaO.. Mobiliseringsstart och total mobiliseringstid verkade
vara av mindre betydelse. Patienterna angav att mobiliseringen forbéttrade deras mentala och
fysiska valbefinnande. Vardgivarna upplevde att den postoperativa vardavdelningen
fungerade val vid den initiala mobiliseringen forutsatt tillgang till nodvéandiga resurser for
genomforande, samt att det multiprofessionella teamet bestaende av sjukskoterskor,
underskaterskor och fysioterapeuter finns pa plats.
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1 INTRODUCTION

Bedrest after abdominal surgery is associated with an increased risk of postoperative
complications, including deep vein thrombosis, loss of muscle mass, fatigue, atelectasis, and
pneumonia (1-5). These complications are associated with an increased length of hospital stay
and a need for rehabilitation to be able to independently perform activities of daily life (3, 6).
Consequently, there is a prolonged time before returning to work, or to life as it was prior to
the surgery (3), and thus complications have significant consequences for the individual and

for society as a whole.

Mobilization out of bed — to sit or stand — is considered to counteract these complications and
is therefore highly recommended (1, 2, 7-12). Despite these recommendations, there has been
little focus on the use and the effect of mobilization out of bed as an intervention already in

the immediate postoperative phase in the postoperative recovery unit.

For the patient who undergoes elective abdominal surgery, a process of mental and physical
preparation starts from diagnosis, and moves towards planning for surgery, the operation
itself, the postoperative care, and moving into the ward with the hope of a quick recovery and
quick return home. During these steps, the patient and the healthcare professionals are key
figures, not least in the immediate postoperative stage. Every step of the way after surgery is
important, even the immediate postoperative care, because recovery and rehabilitation start
already at this stage. More effort is needed to identify factors that facilitate the patient's

recovery starting already at the postoperative recovery unit.






2 BACKGROUND

2.1 Abdominal surgery

In 2019, approximately 760,000 surgical procedures on adults were performed in Sweden,
and about 30% of them were elective abdominal, urological, gynaecological, or
endocrinological surgeries. Many of these surgeries were performed because of malign or
benign tumours (13). Elective surgery is predominantly scheduled for daytime, Monday to
Friday, thus the patients enter the postoperative recovery unit in the afternoon or evening
depending on the commencement and duration of surgery.

Elective surgery in the abdominal cavity can be performed using diverse techniques.
Minimally invasive surgery, such as robot-assisted laparoscopic techniques, are preferred to
open surgery where applicable, for example, in radical prostatectomy (urology) and various
gynecological procedures (14, 15). The robot-assisted technique offers three-dimensional
visualization and joints that can rotate 360° (15). Even though robot-assisted surgery might
reduce the actual knife time and total length of stay at postoperative recovery unit and
hospital, it involves, as do all types of surgery, a stress on the body with a risk for
postoperative hemodynamical changes, pain, nausea, thromboembolism, and surgical and
pulmonary infections (14, 16, 17). Moreover, it has been argued that the robot is excessively
expensive, the learning curve for the surgeons is too steep, and the preparation of the
equipment and the patient pre-surgery is too long, and thus the duration of the surgery and
anesthesia is for some surgeries prolonged compared to laparoscopic or open techniques (14-
16, 18).

2.2 Abdominal surgery and the impact on respiratory function

During open abdominal surgery, the patient is mainly posed in a supine position, a position
that enables the relaxed abdomen to press against the diaphragm. The pressure against the
diaphragm adversely affects its ability to contract, thus resulting in lower inspiratory volumes
with reduced functional residual capacity (FRC, the lung volume at the end of a normal
expiration) and closure of small airways and atelectasis (19, 20). Dureuil et al. found that the
FRC and the FVC were reduced for three days after lower abdominal surgery, though this
was in a small cohort of patients in the 1970s and surgery and anesthesia have been refined
since then (19).

During robot-assisted laparoscopic urological and gynecological surgery, the patient is

initially posed in supine position, then tilted in a Trendelenburg position (head down) for a



period of time and the abdomen is inflated with carbon dioxide. Movements of the patient are
made to improve the visibility for the surgeon (14, 21). At the end of surgery, the gas is
removed, and any remaining gas is slowly absorbed by the tissues. The perioperative pressure
of the gas in the abdomen in combination with having been in the Trendelenburg position can
lead to pain in the shoulders and abdomen after awakening, which may make it difficult for
the patient to breathe deeply and to cough (14, 21). Moreover, some patients have difficulties
ventilating the carbon dioxide, with increased levels remaining at the end of anesthesia and in

the initial postoperative period after surgery, which may cause drowsiness (21).

The Trendelenburg position and the supine position during surgery might in robot-assisted
laparoscopic as well as in open surgery cause reduced FRC, atelectasis, and disrupted gas
exchange due to the same physiological causes described above even though a positive end
expiratory pressure (PEEP) is applied during the mechanical ventilation (19, 22-26).

2.3 General anesthesia during abdominal surgery and the impact on
respiratory function

Several factors influence patients” lung function during anesthesia. It is well known that FRC
decreases in the supine position (22), and the addition of anesthesia causes a further reduction
of approximately 0.4-0.5 liters irrespective of whether the patient is on mechanical
ventilation or breathing spontaneously (27, 28). When anesthesia, surgery, and a supine
position are combined, the FRC may decrease up to 1.5 liters, with a considerable individual
variation (27, 29). The mechanisms behind the reduction in FRC during general anesthesia

are not yet fully understood, but they are likely to be based on a combination of factors:

e Position: supine, Trendelenburg, prone (22, 23, 30)

e Muscle relaxation: diaphragm, intercostal muscles, spinal muscles, loss of muscle
tone in the airways (29, 31-33)

e Changes in spinal curvature and ribcage (23, 34, 35)
e Reduced lung volumes (22, 34-36)
e Decrease in lung compliance (22, 23, 34-36)

All of these result in decreased FRC towards closing capacity and closure of the small
airways, thus carrying a risk of developing atelectasis (22, 34, 35), as shown in figure 1. A
previously published study found that the use of muscle relaxants (neuromuscular blockers)
during surgery was associated with an increased risk for postoperative pulmonary

complications (PPC) such as respiratory insufficiency, atelectasis, and pneumonia (37).
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Figure 1, showing the distal airways in an awake and anesthetized patient and the impact on FRC, airway

closure, and formation of atelectasis. From Hedenstierna et al. (38) reprinted with permission from the publisher.

Nearly all patients develop atelectasis and collapsed lung tissue already at induction of
anesthesia, and this is visible by computer tomography for hours up to days after anesthesia
(33, 39, 40). Lindberg et al. found that in patients undergoing lower abdominal surgery the
atelectatic area was the greatest at the second hour after surgery and remained more or less

the same for 2 days postoperatively (41).

During anesthesia, the ability to cough is eliminated and the produced secretions remain in
the airways, which also increases the risk of airway closure. After surgery and anesthesia,
pain from the wound might reduce the ability to cough, to take deep breaths, and to mobilize,
thus decreasing the inspiratory volume and the ability to eliminate secretions (3, 42). The
accumulated risk of impaired respiratory function and PPC after general anesthesia and

surgery is therefore considerable (33, 41, 43, 44).

2.4 Postoperative pulmonary complications

PPC is an umbrella term encompassing diverse pulmonary complications appearing after
surgery (33) that are associated with an increased length of hospital stay and rehabilitation (3,
45). The incidence of PPC after surgery is reported to be 1-40% depending on the definition
of PPC and the type of surgery (45-50). Unfortunately, there has been a lack of consensus in
regards of how to define postoperative pulmonary complications, thus making it difficult to
estimate the risk of PPC. The European Perioperative Clinical Outcome joint task force
(EPCO) made an attempt to define PPC and included the following factors in the definition:
respiratory infection, respiratory failure, pleural effusion, atelectasis, and pneumothorax (51).
A uniform definition is paramount to understanding and addressing the factors that can lead
to an increased risk of PPC. Research has also focused on risk prediction scales; however, the
applicability and precision of these scales vary because they are based on different definitions

of PPC and different cohorts (49, 52-54). In a systematic review on nonthoracic surgery,



factors related to the patient (e.g., advanced age, obesity, American Society of
Anesthesiologists (ASA) physical classification > 2, and COPD) and the surgical procedure
(e.g., emergency surgery, prolonged surgery, and general anesthesia) were found to be
predictors for the development of PPC (44). In an observational study in 29 countries, Neto et
al. identified 13 independent risk factors for PPC, including higher age and ASA-physical
classification, preoperative anaemia, a preoperative low peripheral oxygenation (Sp0O.), a
history of active cancer or obstructive sleep apnea, surgery exceeding 1 hour, and emergency
surgery, to mention a few (49). A multicenter study by a perioperative research network
including 1,202 patients undergoing non-cardiothoracic surgery found that nearly 1 in 3
patients with severe illness (classified as ASA-physical classification >3) and with a surgery
exceeding 2 hours suffered from PPC, with a high prevalence of atelectasis (55). The group
concluded that atelectasis and pleural effusion, mainly considered to be mild PPC, requires
increased attention and preventive treatment because it seems to be associated with decreased

oxygenation, increased hospitalization, and increased risk of mortality (55).

Type, technique, and location of surgery and duration of anesthesia have been brought up as
perioperative risk factors for PPC in abdominal surgery, and especially anesthesia exceeding
2 hours, surgery close to the diaphragm, upper abdominal surgery, and open surgery have
been associated with an increased risk for PPC (55-57). Preoperative factors, as previously
mentioned, might also contribute to the increased risk for PPC, for example, advanced age,
obesity, smoking history, lung disease, and comorbidities (44, 57, 58). Factors related to the
surgery, the anesthesia, and the patients may have an impact on the risk of PPC on their own,
but the risk is likely increased if the factors are combined (44, 55). Postoperative
interventions such as breathing exercises and mobilization have been considered to be

important to counteract respiratory complications after surgery and anesthesia.

2.5 Mobilization after abdominal surgery

In 1899, the first known report about interventions to facilitate recovery after laparotomy was
published (59). Patients were recommended to turn in bed immediately after uterus and
appendix surgery and were permitted to be out of bed within 24 hours instead of being
bedbound for days, and moreover they were allowed to eat at an earlier phase. This led to
patients starting to move more naturally, which entailed hunger, normal bowel movements,
better physical and mental condition without any side effects, and most importantly a shorter
length of hospital stay compared with those treated according to usual practice (59). The
results sparked great interest regarding the post-operative treatment of abdominal surgery and

led to several studies in the subject (60, 61). However, it was not until after the Second World



War and a meeting concerning the “evil of bedrest” in the middle of the 1900s that
mobilization early after surgery began to have a clinical impact around the world (4). In a
case control report from 1944, nearly a 50% reduction in postoperative complications
(including atelectasis and pneumonia) was observed in 500 cases who had the head of their
bed elevated at the day of surgery and were mobilized out of bed and walking a few steps the
morning after surgery compared to similar cases treated according to standard of care, i.e.,
staying in bed for 10-14 days after surgery (62).

Over the years, however, the combination of gradually more sophisticated anesthesia and
refinement of surgical techniques meant that increasingly advanced surgery became possible
even in patients with comorbidities and increased age. At the same time, the frequency of
complications increased and so did the patients’ stay in hospital (60). As a way of overcoming
these negative consequences, a concept called fast-track surgery was developed in 1994 and
was initially tested on patients who underwent coronary bypass surgery (63). The concept
involved eight principles, from preoperative education of the patient, to early extubation,
accelerated mobilization and rehabilitation the morning after surgery, and early discharge to
mention a few, and resulted in a significant decrease in the duration of intensive care (63).
When the concept was applied in patients undergoing colonic surgery, it included a
multimodal rehabilitation program in which patients were mobilized on the afternoon or
evening of the day of surgery, resulting in improvements in postoperative recovery (64, 65).
However, in 2001 a group of surgeons developed the Enhanced Recovery After Surgery
protocol (ERAS) (10). The ERAS concept involves a multimodal action plan where a
combination of interventions pre-, peri-, and postoperatively (for example, structured
treatment of pain, pre- and postoperative nutritional support, and what is called “early
mobilization”) is applied to facilitate the quality of the recovery for patients going through
surgery (10). The main reason for this approach has been to find multimodal evidence-based
ways to improve and refine perioperative care, reduce surgical stress, reduce postoperative
complications, improve physical recovery, and shorten the hospital stay (10, 66). Today, the
concept is applied in many types of surgery, including colorectal, gynecologic/oncologic,
radical cystectomy, and pancreatic surgery (8, 9, 67, 68). The concept has been proven to
minimize the risk of postoperative complications after surgery and to shorten the length of
stay at hospital, even though the studies have mostly been rather small with quasi-

experimental designs (69).



2.5.1 Different definitions of early mobilization

In recent years, the term early mobilization has begun to be widely imbedded in protocols
such as in the ERAS concept, but also during intensive care (70-72). The term early
mobilization is rather vague in definition of type, commencement, duration, and frequency
(8-10, 12, 67, 72-74):

e Early Mobilization at intensive care units — Patients should be mobilized within 24 to
72 hours (72).

o Early Mobilization for ERAS colorectal surgery - Patients should be mobilized on the
day of surgery (8, 10).

e Early Mobilization for ERAS gynecologic and oncologic surgery — Patients should be
encouraged to mobilize within 24 hours (12).

e Early Mobilization for ERAS pancreatic surgery - Early and active mobilization
should be encouraged from day 0 (75).

e Early Mobilization for ERAS radical cystectomy — Early mobilization (9).

In the ERAS concept, early mobilization is given a high recommendation, though with a low
evidence grade (10). Notably, studies within the ERAS concept are based on the total effect
of the concept, not the isolated effect of the mobilization intervention (5, 76, 77). Moreover,
compliance to recommendations might be low (76), and a previous observational study found
that only 50% of patients were mobilized according to ERAS recommendations for colorectal

surgery at the day after surgery (POD 1) (78).

In light of what has been mentioned above, mobilization in this thesis is defined as
immediate mobilization, meaning being out of bed to sit in a chair within 2 hours after
arrival at the postoperative recovery unit after elective abdominal surgery.

2.6 Physiotherapy interventions to improve respiratory function after surgery
Physiotherapists have been involved in the care of patients who have undergone surgery since
the beginning of the 1900s (79). Initially, the treatment consisted of mostly passive manual
techniques such as clapping and vibrations on the chest wall combined with positioning of
patients in bed to loosen secretions and improve respiration (79). Current physiotherapy after
abdominal surgery involves the patient in a more active way and seeks to prevent
postoperative complications and to preserve and improve the patient’s physical status with
the overarching aim of an enhanced recovery. All of this is done in collaboration with the
other caregivers around the patient. To prevent PPC after abdominal surgery, different
methods are used, alone or in combination, based on the individual patient’s needs (80, 81).

Interventions with the aim to normalize FRC and alveolar ventilation seem to be crucial in



this regard, and the first method of choice for most clinicians is usually mobilization followed

by different breathing techniques (81).

2.6.1 Breathing exercises and their impact on respiratory function

Breathing exercises are an important component in post-operative care. To sigh deeply or to
actively perform a deep inspiration are two efficient and easy ways to increase the inspiratory
volume. Combining an active deep inspiration with holding the breath at peak inspiration
results in an increased volume and compliance, and it may also increase surfactant levels in
the alveoli (36, 80, 82).

In the Swedish context, the addition of breathing exercises with a positive expiratory pressure
(PEP) is common after abdominal and thoracic surgery (83-85). PEP breathing, depending on
the technique, can be used to increase the tidal volume and subsequently to normalize the
FRC in the lungs after surgery (84). If the aim is to increase FRC, the patient is instructed to
take a deep breath, slightly larger than normal, followed by a somewhat active expiration into
the PEP device to reach and sustain a mid-expiratory pressure of 10-20 cmH20 before a new
inspiration starts (84, 86). At least 5-6 consecutive breaths are required (86). A previous
study in patients undergoing cardiac surgery found that 3 sets of 10 breaths are superior to 1
set of 10 breaths (87).

The evidence for the use of PEP respiration after abdominal surgery is limited and is based on
a small number of studies on rather small study samples and with inconsistent designs and
treatments, and the duration, frequency, and treatment pressure of the intervention varies in
the studies (84). Moreover, many of those studies were published in the 1980s and 1990s and
anesthesia, surgical techniques, and postoperative treatments have changed since then (88).

The following studies are interesting in terms of the impact on respiratory function. When
PEP breathing with blow-bottles was used with eight postoperative patients, FRC increased
significantly, while arterial oxygenation (PaO2) was unaffected. The increase in FRC was
suggested to be due to the combination of PEP breathing and the initial large and sustained
deep breaths (89). In a small randomized controlled trial involving 43 patients undergoing
upper abdominal surgery, Ricksten et al. (90) found that patients allocated to PEP breathing
administered with a face mask at a pressure of 10-15 cmH-0O, with 30 breaths every waking
hour twice daily from the day of surgery, had similar results in PaO, and FVC as those
allocated to continuous positive airway pressure (CPAP) at the same pressure, duration, and
frequency. Both groups had increased PaO; on the day after surgery. Furthermore, both

treatments appeared to reduce the incidence of postoperative atelectasis compared to an



incentive spirometer (90). On the contrary, another randomized controlled trial (RCT)
involved 51 patients who underwent upper abdominal surgery and who were classified as
high risk of PPC and who were exposed to PEP, IR-PEP (Inspiratory Resistance-PEP), or
conventional physiotherapy starting at the day of surgery. All groups had a high rate of PPC,
there were no differences in the respiratory outcomes of PaO2, SaO», or FVC, and none of the
groups were close to their preoperative values for PaO2 and SaO> (91). It should be noted that
neither the study by Ricksten (90) or the study by Christensen (91) used an untreated control
group. The RCT by Fagevik Olsén (92) included an untreated control group and found that
the group (including patients with both high and low risk of PPC) who were randomized to
IR-PEP breathing with 30 deep breaths during the day after extensive abdominal surgery had
fewer PPC compared to the untreated group. However, the treatment group also received one
session of preoperative cardiorespiratory physiotherapy with recommendations to change
position in bed and to mobilize as early as possible postoperatively and to cough and huff
between every tenth breathing exercise, and these might be considered as possible
confounders. Yet another study by Westerdahl et al. (93) found that patients who performed
PEP breathing exercises at a pressure of 10 cmH2O had a reduced atelectatic area and had
increased FVC and FEV1 postoperatively (day 4 after thoracic surgery) compared to the
controls who performed no breathing exercises. However, no differences in PaO,, PaCOo, or
length of stay at the intensive care unit and hospital were observed between the groups.

Previous studies have suggested that the frequency of the chosen breathing technique and
individual guidance and supervision while performing the technique are more important in
performing breathing exercises, such as PEP breathing, than the actual therapy (84, 86-88,
94).

PEP breathing exercises might be beneficial when it comes to improvements in FRC,
reductions in the atelectatic area, and improvements in respiratory outcome (87, 90, 92, 93).
To prescribe breathing exercises with PEP routinely to patients who have undergone
abdominal surgery, as a way to counteract PPC, might be questioned because there still is no

solid evidence for its effectiveness (88).

2.6.2 The impact of mobilization on respiratory function

Position has an impact on FRC, and mobilization (to sit or stand) is known to improve FRC
and alveolar ventilation in healthy spontaneously breathing persons (23, 30, 95), as well as in
patients after surgery (96-98). The influence of different body positions on FRC (liters), in an

awake, spontaneously breathing adult of 1.70 m height is shown in figure 2.
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Figure 2, showing the influence of different body positions on FRC, from Lumb (20), with permission from
Elsevier.

An explanation for the impact on FRC when mobilizing the patients to a sitting or standing
position compared to supine bedrest might be the gravitational effect. When standing or
sitting, the diaphragm can move and expand freely without any negative impact or pressure
from the abdominal contents, thus allowing a normal contraction. This entails increased lung
volume, with the even distribution of air inflating collapsed airways and improving alveolar
ventilation (27, 30, 99).

The studies by Meyers et al. (100) and Hsu et al (98) with FRC as the primary outcome found
a decrease in FRC after surgery compared to preoperative values. The decrease was the
greatest from day 0 to 3 after surgery; however, when the patients were mobilized to sitting
out of bed the FRC increased compared to while sitting or lying supine in bed (98, 100). The
studies were similar in design, settings, materials, and method, but neither were randomized

and both consisted of small sample sizes.

Mobilization seems to improve PaO, and SpO. compared to being cared for in bed, and it
seems that PaO. and SpO2 return to close to normal values earlier with mobilization (101,
102). In a study by Scheidegger et al. (101), two groups were compared in terms of PaOp,
PaCOg, and pH preoperatively and at 4 and 24 hours postoperatively. The intervention group
underwent mobilization, i.e. walking and sitting up in a chair, while the controls were given
bedrest. After 4 hours both groups showed a significant decrease in PaO2, while after 24
hours only the intervention group showed an increase in PaO2, with the PaO> close to
preoperative values. No statistical differences in PaCO- or pH after 4 or 24 hours were
observed between the groups (101). In the study by Mynster et al. (102), a group of 12
patients were mobilized from supine, to sitting in bed with the head of the bed raised to 70°,

to standing after surgery. Preoperative measurements of peripheral oxygenation SpO2 were
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compared to the values at day 1, 4, and 7 after surgery. SpO2 decreased significantly in all
patients the first day after surgery compared to preoperative values. However, all patients had
a significant increase in SpO2 when they were mobilized compared to being supine or sitting

in bed. At day 7 after surgery SpO- returned to preoperative values in all patients (102).

Walking within 4 hours after lobectomy also seems to be feasible and safe and to reduce the
need for additional oxygen 2 days after surgery (103). Patients assigned to mobilization
within 4 hours after pancreatic surgery had a higher SaO./FiO; at the day of surgery
compared to the untreated control group, even though the average sitting time was only 6

minutes (104). Moreover, the intervention group required less additional oxygen the day after

surgery.

Several studies have reported the effects of diverse mobilization interventions (7, 48, 71, 96,
105-110), but only a few have investigated the effect of mobilization or position on the
respiratory system, such as SpO> and PaO> (101, 102), FVC (98, 100), maximal inspiratory
pressure (MIP)/maximal expiratory pressure (MEP) (111), or PPC (112, 113). However, the
types of mobilization interventions and the durations and the frequencies of the interventions
and the outcomes have varied. All of this makes it difficult to interpret the results and to
compare the different studies. Also, some studies were randomized but without an untreated
control group.

It seems that mobilization after surgery might have a positive effect on FRC as well as on
Pa0. and SpO>. The effect of mobilization immediately after abdominal surgery and its

impact on respiratory function, however, remains unclear.

2.7 Patients” and healthcare professionals™ experiences of mobilization
Healthcare professionals are aware of and educated in the positive effects of physical activity
and mobilization early after surgery (114, 115). However, early mobilization after surgery
might still be associated with perceived barriers due to lack of time, resources, adequate
staffing, or mobilization aids or a leadership or culture that does not prioritize mobilization
(114-117), and these barriers are similar to when mobilizing critically ill patients (70, 118-
124). However, the following factors were identified by healthcare professionals as important
for the facilitation of early mobilization in critically ill patients: to have a champion/team
leader for the mobilization process and available team members (nhurses and physiotherapists)
who are ready to assist (125, 126), to use predefined mobilization protocols to more easily
identify when and for how long patients should be mobilized (71, 119, 121, 127), and to have

knowledge about the negative and positive physical and mental aspects of patients being or
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not being mobilized (124, 125, 127). Patients seem to appreciate mobilization and associate it
with pleasant emotions because it helps them regain their independence and is seen as a factor
that can facilitate recovery and discharge from the hospital (128-131). At the same time,
patients in intensive care and postoperative care have expressed similar concerns that
weakness, pain, and fatigue are obstacles to early mobilization (117, 128, 130-134). Freedom
from pain and nausea and independence in mobilization were rated as the most important
factors in the ERAS concept by patients in Norway, Scotland, and the Netherlands

undergoing major hepatic, colorectal, or esophagogastric surgery (135).

Interaction, information, and collaboration with the healthcare professionals has been shown
to be crucial to patients for carrying out mobilization (117, 132, 133, 136). In addition,
teamwork among the caregivers has also been stressed as important by both healthcare
professionals and patients (117, 137, 138). Therefore, it is of utmost importance that the staff
be motivated and take the time to help the patient to mobilize (117). This is especially
because patients experience that positive attitudes among healthcare professionals affects
them in a positive way, making it easier to struggle through exhausting activities such as
mobilization (117, 132).

2.8 THEORETICAL FRAMEWORK

The Movement Continuum Theory of physical therapy (139) provides the overall
theoretical framework for this thesis. The key concept of the theory is movement, and it is
based on physiotherapists' ways of perceiving and using the concept of movement in a
patient-centered perspective. The theory contributes to reflection and stances on various
aspects of movement with three general philosophies — “1) movement is essential to human
life, 2) movement occurs on a continuum from the micro level (the cells) to the macro level
(the human in society), and 3) the movements on the continuum are influenced by physical,

psychological, social, and environmental factors ” (139).

Movement Continuum Theory means that each person has a maximum, a current, and a
preferred level of movement capability (139). In case of sickness, trauma, or surgery,

physical function and capacity in humans deteriorates. In patients who have undergone
abdominal surgery, the respiratory function and the ability to move may be affected
immediately after the surgery. This affects the patient not only in the immediate postoperative
period but can also mean that activities of daily living are affected for days up to weeks after
the surgery. The patient’s preferred capability is then not in line with their current physical
capability, and thus there is a gap between actual and preferred capability (139).

Physiotherapy aims to improve the patient's physical ability with the help of various
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interventions adapted to the patient's problems and needs. The physiotherapist needs to titrate
the respective continuum to determine at what level the patient needs support to improve their
capability to move along the continuum in order to get closer to their preferred level. By

applying mobilization immediately after surgery, already in the postoperative recovery unit,

the gap between current function and preferred capability might be reduced more quickly.
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3 RATIONALE

In recent years, the focus in abdominal surgery has been on refinements of surgical
techniques (14-16), multimodal pre-optimization (140, 141), multimodal action plans for
enhancing patient recovery (10), and early mobilization protocols (71, 105) as ways to
prepare and optimize the patient prior to surgery and to minimize complications after
surgery. However, quite little focus has been placed on optimizing the patient's respiratory

status in the immediate postoperative stage.

Mobilization as early as possible after abdominal surgery is highly recommended to
enhance recovery and is considered crucial to prevent postoperative complications. Still, the
evidence grade for the isolated effect of the intervention is low. Moreover, there seems to
be a knowledge gap regarding the respiratory effect of mobilization alone immediately after
abdominal surgery. Consequently, there is also a knowledge gap regarding when
mobilization should commence after surgery and what its optimal duration should be with
regards to immediate effects on respiratory function such as SpO and PaO,. Therefore,
there is a need to investigate whether mobilization immediately (within hours after surgery)
already at the postoperative recovery unit is worthwhile for the patient in regards to
respiratory improvements. Moreover, if we are to continue to recommend mobilization as
early as possible after surgery, we need to investigate how patients experience being
mobilized because they are the primary participants. For the same reason, in order to refine
the postoperative care of patients there is also a need to understand and explore healthcare
professionals” experiences of working with mobilization. These perspectives have

previously been overlooked.

In view of this, the information collected from explorative quantitative and qualitative
research will extend the knowledge of researchers, healthcare professionals, and patients
and will help fill the knowledge gap regarding the respiratory effect of mobilization after
abdominal surgery and will improve patient outcome. A patient who is mobilized at an
early stage will probably become a more active participant in their own care.
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4 AIMS OF THE THESIS

Overall aim

This thesis aimed to evaluate the respiratory effects of immediate mobilization during the

postoperative period among patients undergoing elective, open, or robot-assisted laparoscopic

gynecological, urological, or endocrinological abdominal surgery and to describe patient and

healthcare professionals” experiences of such an early mobilization procedure.

Specific aims of the papers

To investigate the respiratory effect of immediate mobilization of patients
within 2 hours after arrival at the postoperative recovery unit after elective open
or robot-assisted laparoscopic gynecological, urological, or endocrinological

abdominal surgery.

To investigate the relationship between time to mobilization and duration of
mobilization and the outcome in oxygenation in terms of mean SpOz (%), PaO>

(kPa), and length of stay at the postoperative recovery unit.

To explore and describe patient experiences of mobilization immediately after
surgery.

To describe healthcare professionals” experiences of being engaged in helping

patients mobilize early after abdominal surgery.
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5 MATERIALS AND METHODS

5.1 Study designs

This thesis comprises three clinical studies that resulted in four research papers. Paper | was

a single-center RCT with three arms. Paper Il was a secondary analysis encompassing parts

of the data from the RCT. In Papers I11 and IV, interview studies with a qualitative approach

were used. All studies were performed at a university hospital in Stockholm County, Sweden.

For more detailed information about the studies, an overview of the papers is presented in

table 1.

Table 1. An overview of the papers in this thesis.

endocrinological open or
robot-assisted laparoscopic
abdominal surgery with an
anesthetic duration of >2
hours. Independent in
mobilization prior to
surgery.

mobilization interventions
mobilization only and
mobilization and breathing
exercises.

fulfilled the mobilization
interventions mobilization
only and mobilization and
breathing exercises.

Papers I (n=214) Il (n=137) I (n=23) IV (n=17)

Trial period January to September 2017 January to September 2017 March to June 2017 November 2017

Participants Adults with a planned The cohort of patients in the Participants in the RCT Healthcare
elective gynecological, RCT (paper I) who were (paper 1) who were professionals
urological, or randomized to and fulfilled the | randomized to and involved in

mobilizing patients
in the RCT (paper I)

Data collection

Preoperative: SpO2,
Spirometry

Postoperative at 06 hour:
SpOz2, PaO2, PaCOz,
Respiratory insufficiency
POD1: Spirometry

2 weeks after surgery:
Pneumonia, LoSP and LoSH

A secondary analysis of data
from the RCT.

Preoperative: SpOz

Postoperative at 0-6 hour:
SpO2, PaO2

2 weeks after surgery: LoSP

Face-to-face interviews
(semi-structured guide).

Face-to-face
interviews (semi-
structured guide).

Data collection
period

0-6 hours after surgery

2 weeks after surgery

0-6 hours after surgery

2 weeks after surgery

1-4 days after surgery

2 weeks

Outcomes

Primary: SpO2 and PaO:

Secondary: PaCOs,
incidence of pneumonia and
respiratory insufficiency,
LoSP and LoSH

Primary: SpOzand PaOzin
relation to initiation of
mobilization and duration of
mobilization

Secondary: LoSP

From transcripts to
overarching theme.

From transcripts to
overarching theme.

Abbreviations: RCT = Randomized Controlled Trial, LoSH = Length of Stay at Hospital, LoSP = Length of Stay
at Postoperative recovery unit.
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5.2 Participants and context

All phases in the studies, including screening, recruitment of participants, and assessment of
data, were conducted in clinical settings at an outpatient clinic and/or at the postoperative
recovery unit at Karolinska University Hospital Solna in Stockholm. The hospital is a tertiary
care hospital divided into two sites, Solna and Huddinge. In Solna approximately 10,000

elective surgeries per year are performed in adult patients (thoracic surgery excluded).

5.2.1 Recruitment and eligibility criteria

Paper |

Screening and recruitment of participants in the RCT was conducted at the presurgical
outpatient clinic at Karolinska University in Solna, where patients had a pre-planned
appointment approximately 2 weeks prior to surgery. Adults (>18 years old) scheduled for
open or robot-assisted laparoscopic gynecological, urological, or endocrinological surgery in
the abdomen, with a planned anesthetic duration exceeding 2 hours, Swedish or English
speaking, and independent in mobilization prior to surgery were considered eligible for
inclusion. Screening was performed by a research nurse who approached eligible patients,
provided them with written and verbal information about the trial, and asked about

participation. Written informed consent was obtained from all included patients.

Two exclusion procedures were established. Prior to surgery, patients were excluded if they
required assistance for mobilization, were unable to understand instructions, or if they were
enrolled in contemporary studies at the postoperative recovery unit. After surgery, prior to
randomization, patients were excluded if the surgical procedure prevented mobilization out of
bed or if the patient was considered unfit for mobilization due to cardiorespiratory instability
requiring immediate treatment or if the patient arrived at the recovery unit after 6 p.m.
Inclusion of patients commenced on January 23, 2017, and was finalized on September 22,
2017.

Paper 11

This was a secondary analysis of parts of the data collected in the previous RCT (paper I),
and the participant data were thus collected from the RCT dataset. This paper included
patients who were assigned to and completed any of the mobilization interventions in the
RCT, including mobilization only and mobilization and breathing exercises. Accordingly,

data for patients in the RCT who were assigned to but did not receive any of the mobilization
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interventions and data for patients assigned to be controls (bedrest) were excluded from the

analysis.
Paper I11

Patients were recruited from the cohort of patients in the RCT (paper 1) who were
randomized to either intervention, mobilization and breathing exercises or to mobilization
only, because the aim was to explore patient experiences of mobilization. To achieve as broad
a range of experiences as possible, a purposeful sampling was applied (142). Thus, patients
were included based on a maximum variation of age, sex, surgery, ASA physical status
classification (143), anesthetic duration, and total time of mobilization. All eligible patients in
the RCT received written and verbal information about the interview study already at
inclusion in the RCT. The day after surgery, potential participants were approached by the
interviewer of the study (not previously known by the participants) and again asked about
participation in the study. Participants had to understand and speak Swedish to be able to
participate. Inclusion commenced on March 1, 2017, and ended on June 30, 2017.

Paper IV

Eligible participants considered for inclusion in this qualitative interview study were
healthcare professionals at the postoperative recovery unit who took part in the immediate
mobilization of patients during the study period of the RCT (paper 1), and this included
nurses, assistant nurses, physiotherapists, and anesthesiologists. An email was sent out by the
head nurse at the postoperative recovery unit containing information about the study with an
invitation to participate. Screening and recruitment were then performed by the same head
nurse. A purposeful sampling was applied with the aim of obtaining heterogeneity of age,
sex, working experience, and professions (142). No exclusion criteria were applied. Inclusion
commenced in October 2017 and ended on November 14, 2017.

5.3 Data collection
Data collection for this thesis commenced in January 2017 and was finalized in November
2017. All collected data were anonymized.
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* Randomization

: * SpO,/Pa0,/PaC
Recruitment —— OFZ’ 2/Pa0,/Pa .
Spo, after « Intervention start Dsi};g%r}e,r Spirometry Pneumonia
Spirometry surgery 0-2h, ends at
discharge or
max 6h

Figure 3, showing the procedure for data collection in paper I, the RCT.

5.3.1 Procedures
Paper |

Prior to start of the RCT (paper 1), a study protocol was established and registered at
ClinicalTrials.gov (NCT02929446).

Prior to surgery

At inclusion, baseline data including SpOz and spirometry (FVC, PEF, FEV1, FEV1/FVC)
(144), weight, and length, were assessed by a research nurse while patients were at their
pre-planned appointment with the anesthesiologist approximately within 2 weeks prior to

the surgery.
After surgery (POD 0)

At arrival to the postoperative recovery unit, immediately after surgery, a research nurse,
independent of the trial, randomly assigned the patients to one of the following three

groups:

1) Mobilization out of bed to sit in a chair.
2) Mobilization out of bed to sit in a chair and standardized breathing exercises.
3) Control — no mobilization and no breathing exercises during the study trial.

A computer-generated randomization in blocks of nine was used to allocate patients to the
different groups (1:1:1). Allocation was concealed by random selection of opaque closed

envelopes prepared by an investigator with no further involvement in the trial.

SpO3, PaO, and PaCO: (arterial blood gas sample) were assessed immediately upon arrival

at the postoperative recovery unit and thereafter every hour for a maximum of 6 hours or
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sooner if discharged to the surgical department. Occurrence of respiratory insufficiency
(SpO2 <90%, or PaO> <8 kPa and/or PaCO >6.5kPa) (51) was registered if present (at the
hourly blood sample test).

Demographic, surgical, and treatment-related data were retrieved from the medical records

and from the bedside case report file (CRF) at the postoperative recovery unit.
The day after surgery (POD 1)

A new spirometry was performed in the morning by a physiotherapist blinded to group

allocation.
Two weeks after surgery

Data regarding occurrence of pneumonia (51) and length of stay at the recovery unit and the
hospital were retrieved from the medical records.

Paper 11

This study was a secondary analysis of parts of the data from the RCT (paper ).
Demographic and treatment-related data were assessed from the RCT dataset.

Treatment-related data included SpO., PaO., mobilization initiation time, duration of

mobilization, and length of stay at the postoperative recovery unit.
Paper 111

Prior to the study start, a semi-structured interview guide was developed with pre-defined
topics, open-ended questions, and probing questions about patient experiences of
immediate mobilization at the recovery unit. The guide was tested by the author of this
thesis in a pilot interview, and this led to focusing more on open-ended and probing

questions in order to facilitate the patient in describing their experiences (142, 145).

Individual face-to-face interviews were conducted in a secluded room at the patient’s ward
within 1-4 days after surgery with the intent of capturing the patients’ experiences of
immediate mobilization while still fresh in their minds. The interviews were conducted by a
physiotherapist who was not involved in the RCT (study I) and was not previously known
to the patients. Two of the interviews were conducted by the author of this thesis. All

interviews were audio recorded and then transcribed verbatim by a professional transcriber.

Descriptive data such as age, sex, ASA physical status (143), type of surgery performed,
duration of anesthesia, and mobilization were collected from the medical records, the CRF,
and the RCT database (study I).
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Paper IV

A semi-structured interview guide with pre-defined topics, open-ended questions, and
probing questions about the experience of participating in mobilization was developed prior
to the study start. The guide was not tested, but the first interviews indicated that the

wording was clear and that it rendered rich answers to the research questions (142).

Within a month after end of the RCT, during a period of 2 weeks in November 2017,
individual face-to-face interviews took place. The time for the start of the study and for
commencing the interviews was chosen in close connection with the completed RCT so that
the healthcare professionals would have experiences of immediate mobilization still fresh in
their minds. All interviews took place in a secluded room in close proximity to the
postoperative recovery unit. The location was chosen to enable the healthcare professionals'
participation in the study. The interviews were conducted by two physiotherapists not
previously known to the healthcare professionals. All interviews were audio-recorded and

then transcribed by a professional transcriber.

Descriptive data were collected at inclusion prior to the interviews and included age, sex,
profession, year in the profession, and number of years working at the postoperative

recovery unit.

5.3.2 Measurements

SpO2 (%) was selected as a primary outcome to evaluate the effect of the interventions in
the RCT on patients’ respiratory function (Paper I) and to investigate the effect of
mobilization initiation time and total mobilization time in relation to respiratory function
(Paper I1).

The preoperative baseline measurement at inclusion was standardized with patients sitting
in a chair and resting for 10 minutes prior to the measurement (146, 147). The same type of
oximeter (TuffSat Pulse Oximeter; GE Datex-Ohmeda, Inc, Frankfort, KY, USA) was used
for all patients. SpO2 was assessed upon arrival at the postoperative recovery unit and then
performed every hour thereafter, for a maximum of 6 hours or sooner if discharged to the
surgical ward. The first assessment at arrival to the postoperative recovery unit was
performed with the patient in a supine position in bed. Thereafter, only the controls were
assessed in a supine position, and the interventions — mobilization only and mobilization
and breathing exercises — were assessed sitting in a chair or in bed (minimum 45° sitting).
For patients where oxygen was administered, it was disconnected 15 minutes prior to each

and every assessment (from arrival to discharge) in order to be able to compare patients
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over time within and between groups. According to clinical standards, SpO2 was
continuously monitored with a pulse oximeter from arrival to discharge at postoperative
recovery units because it shows a continuous trend for respiratory status in the patient
(147).

Blood gas analysis allows a direct measure of arterial oxygenation PaO, (kPa) and arterial
carbon dioxide PaCO-, (kPa) (148). PaO> was selected as a primary outcome to evaluate the
effect of the interventions in the RCT on patients’ respiratory function (Paper I) and to
investigate the effect of mobilization initiation time and duration of mobilization in relation
to respiratory function (Paper Il). PaCO; was considered a secondary outcome to evaluate

the effect of the interventions in the RCT on patients’ respiratory function (Paper I).

Pa0O; and PaCO; were assessed via the patients” arterial line (arterial radialis) as a blood gas
sample (148). Upon arrival at the postoperative recovery unit after surgery the first
assessments of PaO, and PaCO» were performed, then subsequently every hour, in the same
standardized way as previously described for SpO: in regards to patient position and

disconnection of oxygen.

Respiratory insufficiency (Paper I) is considered a postoperative pulmonary complication
and was defined as SpO2 <90% or PaO, <8kPa and/or PaCO >6.5 kPa according to
European Perioperative Clinical Outcome (EPCO) definitions (51). Complications were
registered if present at any of the hourly assessments of SpO., PaO., and PaCO> during the
data collection in the RCT.

Spirometry (Paper I). A portable microspirometer (Carefusion MicroLoop; Vyaire Medical
Inc; Chatham Maritime, Kent, UK) was used to measure lung function as FVC, FEV1,
FEV1/FVC, and PEF (149). To compare pre- and postoperative lung function between the
intervention groups and the controls, measurements were performed at recruitment, prior to
surgery, and then again, the day after surgery. The spirometry was performed according to
standardized recommendations in a sitting position using a nose clip (149). Weight and
length were measured at recruitment prior to spirometry. The same two persons (a research
nurse and a physiotherapist) not involved in the interventional parts of the RCT measured
the patients. The same spirometer was used for all assessments. At the day after surgery and
prior to spirometry, patients rated their pain on a numeric rating scale, where 0 = no pain
and 10 = worst imaginable pain (150). If pain was rated >3, analgesics were given and a

new attempt at spirometry was made later.

Pneumonia is considered a postoperative pulmonary complication (51), and the intervention

groups and the controls were compared with regards to occurrence (Paper I). Pneumonia
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was considered present if the patient had newly evolving chest radiograph infiltrate and two
or more of the following criteria: temperature of >38.3°C, leukocyte count of >12,000 pl,
and/or purulent sputum according to EPCO definitions (51). Registration of pneumonia was
made by a medical doctor at the surgical ward who was blinded to the randomized
controlled trial. Data were retrieved from the patient’s medical record 2 weeks

postoperatively.

Data regarding Length of stay at postoperative recovery unit was considered as a secondary
outcome in Paper | and Paper Il. Length of stay at hospital was used as a secondary
outcome measure in Paper Il. Data for total stay at the postoperative recovery unit and at
hospital were retrieved from the medical records 2 weeks post-surgery because all patients
were considered to be discharged at that time point.

Pain and nausea might be considered an obstacle for mobilization (3). Thus, at every hour
from arrival to discharge all patients in the RCT (Paper 1) rated pain and nausea on a
numeric rating scale where 0 represents no pain/nausea and 10 represents the worst

pain/nausea imaginable (150).

Data on initiation of mobilization and duration of mobilization (Paper | and 11) were
registered in a CRF for all patients randomized to any of the mobilization interventions in
the RCT (Paper 1). For patients who were not able to fulfil mobilization intervention, the
reason for this was registered in the CRF.

5.3.3 Interventions

Paper |

Interventions were to start within 2 hours after arrival at the recovery unit and were to be
continued for a maximum of 6 hours, or earlier if discharged to the surgical department.
The three groups the patients were randomly assigned to mobilization only, mobilization

and breathing exercises, or to be controls.
Mobilization

Patients were instructed to mobilize out of bed, assisted by the healthcare professionals at
the postoperative recovery unit if needed, to sit in a chair (or unsupported on the bedside if
unable to stand and transfer to a chair) for as long as possible. If required, this was
interspaced by bedrest for a maximum of 1 hour. While in bed, the patient was in a sitting

position with a minimum of 45° elevation.

Mobilization and breathing exercises
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The mobilization intervention was identical to that previously described. The instructions
for breathing exercises were standardized as follows. Patients were instructed and
supervised by a physiotherapist to perform breathing exercises using the PEP technique
(84). The patients were instructed to perform a set of 10 consecutive breaths three (with a
short 30—60 second pause between each set) at every hour with a PEP device (PEP T-piece
and Resistor; Intersurgical AB, Danderyd, Sweden) at a mid-expiratory pressure of 10-15
cmH20 (84). The pressure was controlled at every breathing exercise by the physiotherapist
by use of a manometer. Breathing exercises were always performed with the patient in an

upright sitting position in a chair or in bed.
Controls

Patients assigned to control group were instructed to stay in bed (a maximum of 30°

elevation). No breathing exercises were to be performed.

5.4 Analysis

An overview of the variety of the analysis used in Papers I-1V is presented in table X. The
statistical analyses in this thesis were performed using Statistical Package for the Social
Sciences Version 24 and 27 (SPSS, IBM Corporation, NY, USA).

Table 2. Overview of the descriptive and analysis methods used in papers I to IV.

Statistics | Paper | Paper Il | Paper Il Paper IV
Descriptive

Counts * * * *
Percentages * *

Range * *
Mean (SD) * *

Median (IQR) * * * *
Quantitative analysis

Pearson’s correlation *

Students t-test * *

Chi-squared * *

Fischer’s exact test *

Mann-Whitney U-test *

One-way ANOVA * *

Friedman’s ANOVA *

Kruskal Wallis * *

Linear regression *

Logistic regression *

Mixed model analysis * *

Qualitative analysis

Content analysis *

Graneheim & Lundman

Content analysis *
Elo & Kyngds

Abbreviations: SD = Standard Deviation; IQR = Interquartile range
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5.4.1 Quantitative analysis

The statistical methods used were parametric or non-parametric depending on if the data
were normally distributed or not. Normality for continuous data were tested graphically
with histograms, boxplots and statistically with kurtosis, skewness, and the Shapiro—Wilks
test. Demographic data were thus presented as means and standard deviations (SDs),

numbers and proportions, or as medians, ranges, and IQR where appropriate.
Paper |

Data for calculating the power analysis were obtained from a previously unpublished pilot
study (a master’s thesis at KI) and a previous study (87) evaluating breathing exercises in
patients who underwent thoracic surgery. We assumed that the treatment would increase
SpO:2 by 2% (SD = 4) or PaO2 by 0.5 kPa (SD = 1 kPa) compared to the controls. The
number of patients required to establish a statistical power of 80% and a significance level

of 5% was 63 patients for each group.

Linear mixed model analysis (151, 152) was used for calculation of repeated measurements
of SpO2, PaO2, and PaCO- between the groups as well as over time. Covariates included in
the model were assignment group (mobilization only, mobilization and breathing exercises,
and control), time for assessment (1, 2, 3, 4 hours), and type of surgery (open or robot
assisted). Two-way and 3-way interactions were applied in the model. Age and
Sp0O2/Pa0,/PaCO: at baseline were included as covariates in the models. The linear mixed
model analysis (151, 152) was used for spirometry assessments (FVC, FEV1, PEF, and
FEV1/FVC) and potential differences between pre- and postoperative data (POD1) and
between the groups. Intention-to-treat (ITT) and per-protocol (PP) analyses were conducted
according to recommendations for RCT studies (153-155). Bonferroni was used to

counteract or reduce the problem of multiple comparisons (156).

Logistic regression was used for analyzing the associations between intervention effects
and respiratory insufficiency as well as for associations with pneumonia, with adjustments
for potential risk factors. Variables were entered in the models stepwise using forward
selection (157). Additional analysis included correlation between the two primary outcomes
SpO:2 and PaO- at baseline because not all patients received an arterial needle during

surgery.
Paper 11

For analysis of mobilization initiation time, patient data were categorized as mobilized

within the first hour (0 to 1 h) or mobilized between the first and second hour (1-2 h). For
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analysis of duration of mobilization, patient data were categorized into mobilized out of bed
< 30 minutes, mobilized out of bed between 30 to 90 minutes, or mobilized out of bed > 90
minutes. Linear mixed models (151, 152) were used to investigate mobilization initiation
time and duration of mobilization in relation to SpO2 and PaO> (151, 152). The factor of
time (1, 2, 3, 4 hours) was applied in each model, and then 2-way and 3-way interactions
were conducted. SpO. and PaO at baseline were included as covariates in the models, and
adjustments were made for potential risk factors based on reference literature and clinical
reasoning on the risk for decreased SpO./PaO; after abdominal surgery (157). Linear
regression was used to analyze mobilization initiation time and duration of mobilization in

relation to length of stay at the postoperative recovery unit (157).

5.4.2 Qualitative analysis

Papers Il and IV

In papers Il and 1V, content analysis was used for interview transcripts because it is an
appropriate method for identifying, organizing, and categorizing the content of a narrative
text in a systematic way (158). Inductive manifest analysis of the collected data was
considered appropriate with the aim to explore patient and caregiver experiences of
mobilization immediately after abdominal surgery. Content analysis as described by
Graneheim & Lundman (159) was applied for analysis of the transcribed patient face-to-
face interviews in Paper |11, and content analysis as described by Elo & Kyngas (160) was
applied for analysis of the face-to-face interviews with healthcare professionals in Paper
IV. The analysis started with a broad reading of the transcribed material in order to get a
sense of the entirety. This was followed by reading with the purpose of the study in mind
while identifying and marking meaning units in the text related to the purpose, thus
representing the preparation phase according to Elo & Kyngas (160). The next step was to
condense the meaning units and then code and sort/group them into categories and
subcategories. The categories and the subcategories were abstracted in order to develop an
overarching theme in line with the general research topic. According to Graneheim and
Lundman, the creation of categories is considered the core of content analysis, and the
theme is the thread running through the underlying meaning of the meaning units, codes,
and categories (159).

To ensure conformability, before moving on to the next step in the process the research
group discussed, validated, and agreed on the analysis (161). The next step was to
accompany the subcategories and categories with quotes as a way to enrich the material and

to allow transparency and credibility of the analysis (142, 161). While content analysis by
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according to Graneheim & Lundman (159, 162) takes abstraction of the text into
consideration, the method of Elo & Kyngas stays closer to the text (160). Moreover, the
content analysis according to Elo & Kyngas states the importance of incorporating the
phases of 1) preparation, 2) organization, and 3) reporting in order to increase the

trustworthiness of the study.

5.5 Ethics

The research included in the present thesis was planned and conducted according to Good
Clinical Practice (163) and in line with the ethical principles of the Declaration of Helsinki
and its later amendments (164, 165). The overall research project was approved by the
Regional Ethical Review Board in Stockholm (Dnr: 2015/703-31/1). Three additional
applications were made during the research process due to the performance and data
collection of the studies (Dnr: 2016/1831-32, Dnr: 2016/2176-32, and Dnr: 2017/836-32).
All data obtained from the medical records were handled according to the General Data
Protection Regulation (GDPR) and associated regulations and according to ethical

considerations at Karolinska University Hospital.

The research group has throughout the entire research project made decisions and
reflections according to ethical standards because all of the research in the thesis involves
humans. Being a patient treated at a hospital for elective abdominal surgery puts one in a
vulnerable situation because one is dependent on and is putting their trust in the hands of
the healthcare professionals. As a researcher in an explorative trial, it is important to be
aware of the dependent relationship the patient is in. All participants were treated with
respect, and their well-being was always more important than the research, thus the
importance of the inclusion and exclusion criteria and the ability for the participants to
withdraw from the study at any time without providing any explanation. All participants
received verbal and written information regarding the purpose of the study prior to
inclusion. In summary, all four ethical principles — namely, respect for autonomy,
beneficence, nonmaleficence, and justice — were taken into consideration prior to, during,
and after the trials (166, 167).

30



6 RESULTS

This section summarizes the main findings of each study in the thesis. Detailed results are

presented in each manuscript.

6.1 Patient characteristics and recruitment
Patient characteristics in Papers I, 1l, and 11l originated from the same cohort of patients in the
RCT (paper I), figure 4.

Paper | the RCT

Enrolled, randomized and ITT analysis (n=214)

Paper | the RCT

Enrolled, randomized and PP analysis (n=201)

\ I |
Mobilization and
Mobilization (n=69) breathing exercises Controls (n=64)
(n=68)

Paper Il

Secondary analysis (n=137)

o Mobilization and
Mobilization (n=69) breathing exercises
(n=68)

Paper IV

Healthcare professionals’ experiences of mobilization
within 2 hours after abdominal surgery

(n=17)

Figure 4. Flowchart of the papers | to IV and participants in the present thesis.
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Table 3. Demographic and perioperative characteristics of the study population in papers | and II.

Paper |, ITT population (n=214)

Paper |, PP population (n=201)

Paper Il (n=137)

Mobilization Mobilization Control Mobilization Mobilization Control
only (n=76) and breathing (n=65) only (n=69) and breathing (n=64)
exercises exercises
(n=73) (n=68)

Age, median 69 (60-73) 72 (64-77) 68 (59-72) 69 (60-73) 72 (65-77) 68 (60-72)
(1QR)
Women sex, n 44 (58) 45 (62) 41 (63) 39 (57) 42 (62) 41 (64)
(%)
Preoperative 97.2 (1.6) 97.2 (1.5) 97.7 (1.4) 97.3(1.6) 97.1(1.6) 97.7 (1.4)
Sp02 %
ASA physical
status, n (%)
1 9(12) 1(1) 12 (18) 8(12) 1(1) 12 (19)
2 46 (59) 48 (66) 36 (55) 44 (64) 44 (65) 36 (56)
>3 22 (29) 25 (33) 17 (28) 17 (24) 23 (34) 16 (25)
BMI kg/m?, 28 (5.9) 27 (6.3) 26.3 (4.4) 28 (5.9) 27 (6.5) 26 (4.4)
mean (SD)
Type of surgery,
n (%)
Gynecological 34 (45) 37 (50) 30 (46) 31 (45) 34 (50) 30 (47)
Urological 31 (41) 26 (36) 26 (40) 29 (42) 24 (35) 25 (39)
NET, Sarcoma, | 11 (14) 10 (14) 9 (14) 9 (13) 10 (15) 9 (14)
Adrenalectomy
Duration of 4:3 (1.4) 4:1(1.4) 4:1(1.3) 4:2 (1.6) 4:1(1.7) 4:1(1.4)
anesthesia,
h:min (SD)

Abbreviations: ITT = Intention to treat population; PP = Per protocol population; IQR = Interquartile range;

BMI = Body Mass Index; NET = Neuroendocrine tumors.
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Paper |

From January 23 to September 22, 2017, a total of 365 patients were screened for inclusion,
and 285 were considered eligible. After exclusion of 71 patients, a total of 214 patients were
randomly assigned to mobilization only (n = 76), mobilization and breathing exercises (n =
73), or to be controls (n = 65) and thus included in the ITT analysis (figure 4). After
randomization, 13 patients discontinued the protocol because of cardiorespiratory instability
(n = 6), healthcare professionals not compliant to the study protocol (n = 2), or withdrawal
from the study (n = 5). Thus, a total of 201 patients (mobilization only (n = 69), mobilization
and breathing exercises (n = 68), and controls (n = 64)) fulfilled the interventions and were

included in the PP analysis (figure 4).

For the entire population, n=214, the ages ranged from 22 to 93 years. There were no
statistically significant differences in baseline characteristics between the groups, except for
that patients allocated to mobilization and breathing exercises were significantly older,
median age 72 (IQR 64 to 77) than the controls, median age 68 (IQR 59-72). Moreover, the
mobilization and breathing exercises had a fewer classified as ASA physical status 1, 1 (1%)
then mobilization only, 9 (12%) and the controls, 12 (18%) (table 3). Among the 214
patients, nearly 60% were women. Approximately 50% had never smoked. Preoperative
SpO2 was 97.2% (1.5) for mobilization only, 97.2% (1.6) for mobilization and breathing
exercises and 97.7% (1.4) for the controls. The most common surgery was robot-assisted
laparoscopic urological surgery, followed by open gynecologic surgery. The average duration
of anesthesia was 4 hours and 30 minutes for mobilization only, and 4 hours 10 minutes for

mobilization and breathing exercises and for the controls.
Paper 11

This paper was a secondary analysis of data from the RCT (paper I). A total of 137 patients
who were assigned to and fulfilled the mobilization only (n = 69) and mobilization and
breathing exercises (n = 68) interventions were included (figure 4). Demographics were
similar between the two groups. Of the 137 included patients, 60% were women, median age
69 (IQR 60 to 73) for mobilization only and 72 (IQR 65 to 77) for mobilization and breathing
exercises, table 3. The most common surgery was gynaecological, followed by urological.
Nearly 60 % was robot assisted laparoscopic surgery and 40% open surgery. For analyzing
the mobilization initiation time, the cohort was divided into two groups depending on
whether the patient was mobilized within 0—1 hours (n = 18) or 1-2 hours (n = 119) after

arrival in the postoperative recovery unit. Baseline demographics were similar between these
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two groups except for a lower BMI (median 26, versus 29) and a longer duration of
anesthesia (median 4 hours 30 minutes, versus 2 hours 40 minutes) in patients who were
mobilized between 1 and 2 hours. For the duration of mobilization, the cohort was divided
into three groups depending on if the patient was mobilized <30 minutes (n = 13), for 30 to
90 minutes (n = 50), or >90 minutes (n = 74). Baseline demographics were similar between

the three groups.
Paper I11

In this paper individual face-to-face interviews were conducted with a total of 23 patients
recruited from the RCT population who were assigned to either the mobilization and
breathing exercises or mobilization only interventions (figure 4). The purposive sample gave
13 women and 10 men, ranging from 38 to 80 years of age with a median age of 65. The
majority of the patients, 9 of 23, underwent open abdominal gynecological surgery, 6 of 23
underwent robot assisted laparoscopic cystectomy, 5 of 23 underwent open abdominal
surgery and 3 of 23 underwent robot assisted laparoscopic hysterectomy. Nearly 48% of the
patients had an ASA physical status score of 3, with a mean duration of anesthesia ranging
from 2 hours to 9 hours, and the total sitting time ranging from 20 minutes to 4 hours 10

minutes. The interviews had an average length of 22 minutes.
Paper IV

A purposeful sampling of 29 healthcare professionals involved in the mobilization of patients
during the RCT (paper I) were identified and asked about attendance in this interview study
(figure 4). Twelve (10 anesthesiologists and 2 nurses) declined participation. Even though an
extra invitation was sent out to anesthesiologists, none accepted participation due to limited
time and to not feeling that they had anything to share from the experience. A total of 17
healthcare professionals were included and participated in individual face-to-face interviews.
These included 10 nurses, 3 assistant nurses, and 4 physiotherapists ranging in age from 20 to
59 years, with a median age of 36 years, and all except for one were women. Their
experience working with postoperative care was 1 to 28 years, with a median 3 years. The

interviews had an average length of 31 minutes.

6.2 Immediate mobilization and the impact on respiratory function
The RCT, encompassing Papers | and Il, provided findings about the respiratory effect of
immediate mobilization in patients undergoing elective open or robot-assisted laparoscopic

gynaecological, urological, or endocrinological abdominal surgery. In the ITT analysis (n =
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214), patients who received mobilization and breathing exercises improved significantly in
SpO2 (MD 2.5%; 95% CI: 0.4 to 4.6; p = 0.01) and in PaO2 (MD 1.4 kPa; 95% CI: 0.64 to
2.17; p =0.001) over time compared to the controls. For patients receiving mobilization only,
the SpO, (MD -0.36%; 95% CI: —2.49 to 1.77; p > 0.99) did not improve over time compared
to the controls, but PaO> did (MD 0.97 kPa; 95% CI: 0.2 to 1.74; p = 0.009) (figure 5a and b).
The PP analysis included 201 patients who fulfilled the interventions. For the two
intervention groups of mobilization only and mobilization and breathing exercises, the
primary outcomes of SpO2 (p < 0.001) and PaO; (p < 0.001) increased significantly over
time. No such increase was seen for SpO2 (p = 0.53) or PaO2 (p = 0.58) for the controls
(figure 5c and d). SpO. was significantly improved for mobilization only (MD 2.4%; 95% CI:
1.02 to 3.70) and for mobilization and breathing exercises (MD 2.7%; 95% CI: 1.36 to 4.04)
compared to the controls, and PaO> was improved for mobilization only (MD 1.2 kPa; 95%
Cl: 0.37 to 2.09) and for mobilization and breathing exercises (MD 1.6 kPa; 95% CI: 0.71 to
2.40) compared to the controls four hours after arrival to the postoperative recovery unit
(figure 5¢ and d). Type of surgery did not influence SpO> (p=0.26) or PaO> (p=0.58).

Preoperative SpO2was 97.3% (95% CI: 96.7 to 97.9) for mobilization only, 97.2% (95% CI:
96.6 to 97.8) for mobilization and breathing exercises, and 97.5% (95% ClI: 96.9 to 98.1) for
the controls. Patients in both intervention groups were closer to their mean preoperative
values in SpO; at the fourth hour of mobilization compared to patients in the control group,
and these were 95.6% (95% CI: 94.9 to 96.3) for mobilization only, 95.9% (95% CI: 95.2 to
97.7) for mobilization and breathing exercises, and 93.2% (95% CI: 92.4 to 94) for the

controls (figure 5¢ and d).
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Figure 5b.
Figure 5a and b. Illustrate the changes in the primary outcomes SpO, and PaO; across timepoints, by treatment

groups, at 95% confidence intervals in the ITT population (h=214). Blue: Mobilization and breathing exercises
(n=73); Red: Mobilization only (n=76); Green: Controls (n=65).
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Figure 5c and d. Illustrate the changes in the primary outcomes SpO; and PaO; across timepoints, by treatment

groups, at 95% confidence intervals in the PP population (n=201). Blue: Mobilization and breathing exercises
(n=68); Red: Mobilization only (n=69); Green: Controls (n=64).
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For the secondary outcome of PaCO» and the spirometry outcomes, all three groups
decreased over time, with no differences between the groups in the ITT analysis or in the PP
analysis. There was insufficient evidence to determine a reduction in risk for respiratory
insufficiency or for pneumonia in patients who received mobilization only or mobilization
and breathing exercises compared to the controls. Length of stay at the postoperative
recovery unit and at the hospital did not differ between the groups. Ratings of pain and
nausea were similar between the three groups, and no adverse effects were registered with

mobilization.

6.3 Mobilization initiation time, duration of mobilization and impact on
respiratory function and length of stay at postoperative recovery unit

No differences were found in SpO., PaO», or length of stay at the postoperative recovery unit
for the 11 patients mobilized within the first hour (mean SpO2 = 94.5% (SD 2.1); mean PaO;
=10.2 kPa (SD 1.2); mean length of stay = 8 hours (SD 11)) upon arrival in the postoperative
recovery unit compared to the 119 patients mobilized within the second hour (mean SpO; =
94.8% (SD 2.0), mean PaO> = 10.8 kPa (SD 1.3), mean length of stay = 11 hours (SD 9))
after arrival. There were also no differences in duration of mobilization or SpO., PaOg, or
LOSP. There were no significant differences between the 13 patients mobilized for less than
30 minutes (mean SpO2 = 95.3% (SD 1.7), mean PaO> = 10.9 kPa (SD 1.4), and mean length
of stay = 12 hours (SD 12)) compared to the 50 patients mobilized for 30-90 minutes (mean
SpO2 = 94.8% (SD 2.1), mean PaO. = 10.8 kPa (SD 1.4); mean length of stay = 9 hours (SD
8)) and to the 74 patients who were mobilized for more than 90 minutes (mean SpO> = 94.6%
(SD 2.0), mean PaO; = 10.7 kPa (SD 1.3), and mean length of stay = 12 hours (SD 9)). After
adjustments for potential confounders and time-varying effects, the results remained in the

mobilization initiation time analysis and in the duration of mobilization analysis.

6.4 Patient experiences of immediate mobilization

From the content analysis of the face-to-face interviews with patients in Paper I1I, the
overarching theme “To do whatever it takes to get home earlier” and the three categories
“The impact of mobilization”, “To feel safe and be confident with the mobilization process”,

and “Experiences and motivational factors” emerged, as shown in figure 6.
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“To do whatever it takes to get home earlier”

To feel safe and be Experiences and
confident with the motivational factors

mobilization process

The impact of
mobilization

To have a

Physical and mental preunderstanding

aspects To be prepared
Attitudes and

motivational factors

The importance of
professional and
competent healthcare Focusing on other
professionals things

To achieve a goal

Figure 6. The overarching theme, the three categories, and the respective subcategories that emerged in the
content analysis of patients’ experiences of immediate mobilization after abdominal surgery.

We found that patients appreciated and valued being mobilized out of bed to sit in a chair
within 2 hours after elective open or robot-assisted gynecological, urological, or
endocrinological abdominal surgery. A patient expressed ““I hoped it would help me even at
this stage..that it would speed up my mobilization in general ... and I kind of felt like I had

everything to gain and nothing to lose” ” P.21

6.4.1 The impact of mobilization

The patients described worries about physical and mental aspects of being mobilized out of
bed this early after surgery. Patients experienced it easier to breath and felt hunger and thirst
when mobilized and sitting compared to lying in bed. Moreover, they reported that their
minds cleared up as they became more alert and oriented. Mobilizing this early was

experienced as positive, as they could tick a box because they had achieved a set goal.

"Yes, it was really nice to sit in that chair; | felt really good" P13.

6.4.2 To feel safe and be confident with the mobilization process

The mobilization procedure was described as being aligned to the patient’s feelings of safety
and trust based on their own preparedness for the intervention. Information, instructions, and
recommendations from healthcare professionals about the mobilization process were

important because these created a feeling of preparedness. The patients experienced and
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expressed that competent healthcare professionals with knowledge in mobilization were
important and essential to creating feelings of safety and trust in the patient. Mobilization was
possible because competent and alert healthcare professionals were always nearby.

"... it feels like you are in safe hands! ... | have felt that the people | have met have been

competent. They show such empathy ” P.20.

6.4.3 Experiences and motivational factors

Patients reported that understanding the physical and mental consequences of mobilization
was important. The patients expressed that they were at the same time motivated and
unmotivated to mobilize early after surgery. However, they described that they had a
fundamentally positive attitude towards physical activity and considered mobilization early

after surgery to be a supporting factor for recovery after surgery.

"I think it would have been worse to stay lying down. Then you would have felt sicker” P4.

6.4.4 Additional results —the gap

The following findings not directly related to the aims of the study emerged in the interviews.
Patients expressed that the beneficial effects of the immediate mobilization made them more
eager to get out of bed even at the surgical wards. However, some patients experienced a
delay in mobilization at the surgical wards because of a lack of pain control and the lack of
close-by healthcare professionals in surgical wards compared to the postoperative recovery
unit. "... but there was so much to do that even though I started nagging at seven o'clock |

had to wait until half past ten to get up. They did not have time." P3.

6.5 Healthcare professionals” experiences of immediate mobilization

From the content analysis of the face-to-face interviews with nurses, assistant nurses, and
physiotherapists in Paper 1V, the overarching theme “A changed mindset” emerged with the
two categories “Responsibility for the patient’s well-being” and “Prerequisites and

challenges”, as shown in figure 7.
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Figure 7. An overview of the theme and the subcategories that emerged from the content analysis of healthcare
professionals’ experiences.

6.5.1 Responsibility for the patient’s well-being
Healthcare professionals expressed concerns that mobilization this early after surgery might
be harmful for the patients and risk their safety. They based this on the fact that the

intervention had not previously been tested.

“My fears are rather that they will have huge pain breakthroughs. And just this with fainting
and drops in blood pressure and so on, but in general these are easily dealt with. It's just that

it can be uncomfortable for the patient and difficult for us.” P14.

However, they experienced that mobilization was beneficial for the patients as they became
more lucid and regained their autonomy, as one healthcare professional expressed it: “The
patient transformed from being a patient to becoming a human being . Healthcare
professionals described that it was easier for patients to breath and cough while sitting and
being able to reduce or disconnect their oxygen supply. Also, the patients seemed to have
stable circulatory parameters, and pain was not an obstacle. Healthcare professionals
experienced that patients thus were in less need of their care and were ready for discharge
earlier. All of this made the healthcare professionals feel satisfied with mobilizing patients
already at the postoperative recovery unit. Thus, the healthcare professionals expressed that
their previous concerns about safety risks were overshadowed by the observed effects of the

immediate mobilization with the patient’s well-being in focus.

"..You were kind of shocked at how alert the patient became, that they actually could..." P4.
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6.5.2 Prerequisites and challenges
Initially the healthcare professionals expressed worries for themselves because immediate

mobilization was expressed as a new work task in their already full schedule.

"But there are some things that only a nurse can do. And if you have three other patients

who have greater medical requirements, then it may just be extra stress” P3.

At the same time the healthcare professionals also stated that the postoperative recovery unit
Is a safe and secure place for the first mobilization after surgery because appropriate
equipment, medical knowledge, and surveillance of patients are in place. Moreover,
experienced physiotherapists are present until 9 p.m., which was expressed as important
because they have knowledge, experience, and training in mobilization. The team and the
collaboration within the team and with the patients was expressed as vital and as the
cornerstone for a successful mobilization. During the mobilization of a patient, different
professions took on different roles and had different responsibilities, thus it was crucial that

the entire team was present for a safe mobilization.

It is golden when you have a physiotherapist who is involved and can provide even more
information to us and can support both us and the patient — someone who knows how to move

when you are newly operated on so that you do not strain the surgical wound too much” P13
Collaboration was appreciated because it increased knowledge, competence, and teamwork.

"Mobilization is important... so everyone has a little goal, yes, but the patient must be
mobilized and then, so the patient can go... then it is also a lot of this teamwork, I think, that

enables us to make some assessments and to use each other’s competences and so on” P8.
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/7 DISCUSSION

This thesis intended to evaluate the respiratory effects of immediate mobilization during the
postoperative period among patients undergoing elective open or robot-assisted laparoscopic
gynecological, urological, or endocrinological surgery. It further sought to describe patient

and healthcare professionals’ experiences of such an early mobilization procedure.

7.1 Summary and discussion of the main findings

Immediate mobilization out of bed to sit in a chair within 2 hours after arrival at the
postoperative recovery unit seems to improve SpO> and PaO>. The addition of standardized
breathing exercises by use of the PEP technique did not seem to further improve SpO; and
Pa0.. No improvements in SpO2 and PaO> were found in the controls (bedrest). Neither the
commencement time nor the duration of mobilization seemed to effect the outcome in terms
of SpO», Pa0y, or length of stay at the postoperative recovery unit. The occurrence of
respiratory insufficiency during the stay at the postoperative recovery unit and pneumonia
within 2 weeks after surgery did not differ between patients assigned to mobilization only, to

mobilization and breathing exercises, or to controls (bedrest).

Patients described mobilization already at the postoperative recovery unit as an important part
of their care because they experienced that it facilitated and enhanced their physical and
mental recovery after surgery. This was important because their main goal was to get home as
soon as possible. The patients described that their mind cleared up and it was easier to breath
when sitting in a chair compared to being cared for in bed, which was confirmed by the
healthcare professionals. Healthcare professionals’ initial doubts about mobilizing patients
this early after surgery diminished when they experienced that there was no safety risk for the
patient, on the contrary it seemed beneficial for physical and mental recovery. To facilitate
and accomplish a safe mobilization, the entire team of nurses, assistant nurses, and
physiotherapists were considered crucial. Working as a team reduced the workload because
each team member knew what to do and acted according to their division of knowledge,

competence, and responsibility.

7.1.1 The respiratory effect of immediate mobilization

We found that patients being mobilized out of bed to sit in a chair within 2 hours after arrival
at the postoperative recovery unit had increased SpO. and PaO, compared to the controls.
The differences were statistically significant for both intervention groups in the PP analysis,
but not for the mobilization only group in the ITT analysis. As far as we know, this is the first
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published RCT investigating the immediate and isolated effect of mobilization on SpO; and
PaO; against an untreated control group and in the immediate postoperative period after
elective abdominal surgery. Thus, comparable data were difficult to find. In a recent
published RCT, 80 patients who underwent open pancreatic surgery were randomized to
mobilization within 4 hours after surgery or mobilization the day after surgery (POD 1) (104).
Mean mobilization time was only 6 minutes for patients being mobilized on the day of
surgery, and most of them were just sitting on edge of the bed, but they improved
significantly in SaO./FiO. compared to the group not being mobilized. That study represents
a heterogenous cohort based on another type of surgery with a longer duration of surgery and
anesthesia and was quite different from the cohort of patients in paper I in the present thesis.
Moreover, the time frame for commencing mobilization differed. Still, both studies found
improvements in respiratory function with mobilization within 2—4 hours after surgery. The
evidence supports the respiratory benefits of mobilizing patients to sit on the edge of the bed

or in a chair already at a postoperative recovery unit, instead of lying in bed.

As previously described, mobilization from the supine position in the bed to an upright
position out of the bed leads to a gravitational change in the thorax and abdomen. This causes
an increase in inspiratory volume and FRC already in a few breaths (20, 27, 30, 99). An FRC
superior to closing capacity opens atelectic parts of the lungs, and this subsequently increases
the area for gas-exchange and allows redistribution of air, which entails improvements in
SpO2 and Pa0> (27, 30, 99). These were the effects we were looking for and which have been
described in previous studies where surgical patients were exposed to different positions (96-
98, 102, 168). Thus, this is a highly probable physiological explanation for the respiratory
improvements we observed in the intervention groups of mobilization only and mobilization

and breathing exercises in paper I.

Mobilization interventions were chosen to commence within 2 hours after arrival at the
postoperative recovery unit based on the fact that atelectasis formation is the greatest at 2
hours after surgery (41). Thus, a reasonable assumption in relation to our study is that patients
who were cared for in bed during the first 6 hours after surgery were more likely to have a
reduced FRC and atelectasis compared to those who were mobilized. Assessment of FRC
was not possible in the present thesis, but previous studies found that a reduction in FRC
correlates to a reduction in SpO2 and PaO> (98, 99, 169). The controls (bedrest) in paper | had
amore or less constant SpO- at 93% during the trial period, which is considered low
compared to their preoperative value of 97%. Moreover, their PaO, decreased over time, with

a mean of 9.8 kPa at the fourth hour compared to 10.5 kPa at arrival to the postoperative
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recovery unit. On the contrary, both of the intervention groups — mobilization only and
mobilization and breathing exercises — improved in SpO> and PaO over time in the PP
analysis and were closer to their preoperative SpO2 of 97% (96% for mobilization only and
96% for mobilization and breathing exercises). This must be considered clinically relevant
information because all assessments were performed on patients breathing air with no

additional oxygenation.

During mechanical ventilation during anesthesia and surgery, the Lachman concept of “open
the lung and keep it open” has been applied as a way to counteract atelectasis at induction of
anesthesia (170). The meaning of the concept is to keep the lung volume equal or just above
the FRC level by use of PEEP to improve gas exchange and to reduce the risk of formation of
atelectasis. Thus, if the theory of the concept were to be applied in the postoperative context
in patients within a time period of 2 hours after arriving from surgery, an active intervention
such as immediate mobilization, to sit or stand, would probably be a beneficial method
because those positions most likely will allow instantaneous physiological improvements in
FRC as previously described because the atelectatic area perhaps is not yet developed (27, 28,
30, 100, 171). This perhaps allows the lungs to open and to be kept open. Another option
might be to add PEP breathing exercises to mobilization because it is prone to increasing
FRC and steady state is reached already at 5 to 6 consecutive breaths (86), and it might also
reduce the atelectatic area (84, 88, 90). However, in paper |, we found no additional effects of
breathing exercises with mobilization in the PP analysis involving only those who fulfilled
the allocated interventions. A possible explanation for the fact that there are no major
differences in respiratory outcome between mobilization only and mobilization and breathing
exercises may be that the mobilization itself led to the alveoli being already open and being
kept open. Still, this does not rule out any effect of the PEP breathing exercises because they
might be effective in other cohorts of patients undergoing other types of surgery than those in

paper I. Further investigations in the matter are recommended.

With the positive respiratory effects seen with mobilization, the questions remained as to
whether the time at which mobilization is commenced and whether the duration of
mobilization mattered for SpO2 and PaO>. When this was investigated in paper I, no
differences in SpOz, PaOy, or length of stay at the postoperative recovery unit were found in
patients being mobilized within the first or within the second hour after arrival at the recovery
unit. Nor did mobilization for more than 90 minutes seem to be superior to mobilization
between 30 to 90 minutes or for less than 30 minutes. This implies that the respiratory effect

of mobilization is irrespective of initiation time and duration, given the investigated time
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frames in this study. Another explanation may be that the FRC as well as atelectatic area were
actually equal between the mobilization initiation groups and also between the duration of
mobilization groups, reflecting the similarities in SpO. and PaO,. This is based on the
previous assumption that mobilization within 2 hours after surgery might reduce the risk for
collapsed airways and reduce the formation of atelectasis, and this supports the importance of
“open the lung and keep it open” within this time frame because ventilation and perfusion in
the lungs is greater in open lungs compared to lungs with collapsed airways and atelectasis
(30, 34, 36, 97, 98, 100, 101). However, it is also possible that the time frame was too short
and the groups too small to detect reliable differences. Even though adjustments for potential
confounders were applied after discussion and according to reference literature, we might
have missed out on potential confounders because this is the first study on the subject (172).
Nevertheless, a short mobilization to stand or sit in a chair already at the postoperative

recovery unit might still be favored compared to bedrest.

Nevertheless, bedrest is associated with increased risk of postoperative complications, and
thus is not a recommended treatment after surgery (1, 2, 173). This is important to take into
consideration because most patients after extensive surgery, with an increased risk of PPC,
arrive at the postoperative recovery unit in the afternoon or evening. Thus, given the results in
paper |, by just allowing these patients to sit at bedside, stand for a while, or move to a chair
already at the postoperative recovery unit, instead of being cared in bed until the day after
surgery, might improve SpO> and PaO> and reduce the risk for atelectasis. This is not least
given that reduced or low SpO; and PaO- are usually initially treated symptomatically by the
addition of extra oxygen up to a satisfactory level of SpO-, but this only "masks the problem”

and does not prevent, treat, or solve issues related to atelectasis or other PPC.

Consequently, the optimal commencement of mobilization is not yet certain, but it might be
important to start within the time frame of 2 hours after surgery due to the development of
atelectasis in combination with the improvements in SpO2 and PaO> we found in patients who
were mobilized in paper | (41). Still, most studies in the area of mobilization after abdominal
surgery are conducted on the day after surgery (105, 112), and some use mobilization mixed
with physiotherapy interventions (91, 113). Their rather vague results for these interventions
on respiratory function might thus be reduced due to the fact that atelectasis is already
established (41, 43). Moreover, there is still no evidence for optimal duration of mobilization.
However, the most important message is perhaps just to mobilize, and preferably within the
time frame of 2 hours, because the instantaneous respiratory effect of the mobilization might

be of superior importance (34, 36). Thus, mobilization should be suggested as the first choice
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of method to increase FRC, SpO», and PaO, immediately after surgery as a way to reduce the
risk of atelectatic areas. Thus, to “open the lung and keep it open” by use of the quite simple

intervention of immediate mobilization might be crucial for the patients.

The improvements in SpO2 and PaO> were not only visible during the measurements in the
quantitative studies (paper 1), the respiratory effects of mobilization were also experienced
by the patients and the healthcare professionals in the qualitative studies (papers 111 and V).
The patients described that it was easier to breathe when they sat in a chair compared to
when they were lying in bed, which was confirmed also by the healthcare professionals. In
addition, the healthcare professionals indicated that oxygen could be reduced or even
disconnected at an earlier stage in patients who were mobilized to sitting in a chair, although
the latter was not controlled for in any of our studies. However, a similar study of pancreatic
patients found that those who were mobilized on the day of surgery had a reduced need for
oxygen already on the day after surgery and still on the day after surgery compared to

controls not mobilized until the day after surgery (104).

No differences were found between the intervention groups and the controls in paper | (ITT-
analysis) in terms of pneumonia. However, after discharge from the postoperative recovery
unit, we had no control over continued treatments in the form of breathing exercises or
mobilization that the patient was likely to receive in the surgical ward and that are likely to
have diluted the actual effect of the mobilization interventions at the postoperative recovery
unit and the incidence of pneumonia. Moreover, as confirmed by other studies, the type of
surgery in regards to open or laparoscopic surgery did not influence the outcome in terms of
SpO; and Pa0- (25, 26). An assumption is that the included cohort of patients irrespective of
type of surgery, duration, and surgical position responded similarly to the mobilization

interventions. However, further studies on the subject are needed.

7.1.2 The patients” and healthcare professionals’ experiences of immediate
mobilization

The patients stated that the presence of competent healthcare professionals was important to
them during the mobilization because it made them feel confident and secure, and this is
similar what has been emphasized by patients in other studies (132, 133, 136). Patients may
feel vulnerable in the immediate phase after surgery but having healthcare professionals
nearby who can support them mentally and physically with medication, assistance,
mobilization, or just someone to talk to might help reduce anxiety and worry. To actively
participate in one’s own care, recovery, and mobilization has been proven to be motivating

for patients and might also reduce anxiety and worries because one’s focus is elsewhere,

47



and this was confirmed by the patients in paper 111 (131, 134, 135, 174). Kalish et al. (7)
investigated outcomes of inpatient mobilization and found that patients mobilized at an
early stage seemed to become independent in their mobilization earlier than those who did
not mobilize. Moreover, mobilization not only had a positive impact on physical functions,
but also on emotional and social well-being, and depression and anxiety decreased, and
satisfaction increased (7). These results support our findings in papers 111 and IV where
patients expressed that they appreciated being mobilized already at the postoperative
recovery unit and healthcare professionals told how patients regained their autonomy and
thus were more satisfied. The patients in our study were highly motivated by the fact that
mobilization this early after surgery might facilitate their mobilization in general and
enhance their recovery because going home as soon as possible was their main goal.
Moreover, the surgical wards reported to the healthcare professionals that patients being
mobilized at the recovery unit were keen to mobilize also at the surgical wards, and thus
they took active responsibility for their own care. This information seems to support
mobilization of patients already at the postoperative recovery unit, especially the latter
observation, because we did not actively seek for information about how the surgical wards
responded to patients being mobilized this early and this only emerged during the interviews

with the healthcare professionals.

Safety aspects such as fear of pain, nausea, and strain on wounds as well as risk of
circulatory issues/hemodynamic instability, fatigue, and dizziness have been reported as
barriers and hindrances to mobilization by healthcare professionals as well as patients
irrespective of whether the patients are mobilized at surgical wards or at intensive care (117,
125, 126, 133, 175). The same aspects and worries were brought up by healthcare
professionals and patients in papers Il and IV. Healthcare professionals were aware of the
physical effects of mobilization but stated that the immediate mobilization intervention was
new to them and not tested before, and therefore they were initially a bit skeptical. The
patients appeared less skeptical than the healthcare professionals, perhaps because, as they
themselves expressed, they trusted the healthcare professionals to do their utmost for the
patient's well-being. However, the worries changed when the physical and mental effects of
mobilization appeared for both perspectives. This seems quite reasonable because both
healthcare professionals and patients were shown that mobilization this early after surgery

worked, was feasible, and was beneficial for the patient, not the opposite.

Although patients and healthcare professionals had expressed worries about pain and nausea

during mobilization, these were experienced as manageable and not seen an obstacle for
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mobilization. Ni et al. (109) found that patients allocated to mobilization starting at POD 1
after liver resection seemed to have less pain and anxiety compared to those who were
allocated standard care. A previous Swedish study found little or no pain and nausea during
the postoperative period in patients who underwent laparoscopic cholecystectomy (176).
One can, however, speculate whether it is the combination of adequate pain and nausea
relief and monitoring by experienced, trained staff (nurses and assistant nurses) in
combination with mobilization that takes place in a correct way with the support of
experienced, trained staff (physiotherapists) that can explain why pain, nausea, circulatory
issues, and hemodynamic instability were not considered as problems by either healthcare
professionals or patients. This is especially likely considering that data from paper I indicate
that the intervention groups (mobilization only and mobilization and breathing exercises)
did not differ in ratings of pain and nausea compared to the controls. By always having
healthcare professionals in close proximity while at the postoperative recovery unit, pain,
nausea, and respiratory and circulatory issues/hemodynamic instability are continuously and
closely monitored and thus always handled promptly because the healthcare professionals at
the postoperative recovery unit possess the necessary medical competence and have

experience in dealing with these problems (177).

As patient care has become increasingly complex, the need for specialized health
professionals has increased (178). Moreover, adequate resources, training, and
multidisciplinary collaboration has been addressed as important for the successful
postoperative care of patients after surgery (177), and a lack of these has been suggested to
be a barrier for improvement in postoperative outcome and mobilization (70, 118, 119, 121,
125, 127, 133). Multidisciplinary collaboration has been emphasized and recommended as
important to improve patient treatment and recovery, not only by healthcare professionals
and patients in our interview studies and in other studies (133, 138, 177-180), but also by
the World Health Organization (181). Patients as well as healthcare professionals in papers
Il and 1V stated the importance of having the entire team represented and present during
the mobilization. Patients perceived that it made them feel safe and confident with the
mobilization process because they then felt that they were professionally guided through the
entire process, as confirmed in other studies (7, 132-134). Healthcare professionals stated
that working as a team helped them understand the importance of their different
perspectives during the mobilization, and they gained and exchanged knowledge. This has
been brought up as one of the most important benefit of interdisciplinary learning and of
working as a multidisciplinary group (178). Moreover, they appreciated that they performed

slightly different tasks during the mobilization. In this way, the skills of the entire team
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were used, which ultimately freed up their time. Consequently, their concern that the
immediate mobilization would lead to an increased workload decreased. During the time of
the randomized controlled study (paper 1), the physiotherapist was available at the
postoperative recovery unit between 9 a.m. and 9 p.m. Thus, nurses and assistant nurses
were supported by and worked in a team together with a profession with specific education,
skills, experience, and training in mobilizing critically ill patients (182). To have that
competence available even outside office hours was highly appreciated by the other staff
and by the patients, mainly because both healthcare professionals and patients perceived the
physiotherapist as the leader and initiator of the mobilization of patients after abdominal
surgery. Having the overall competence in place enables teamwork (138, 178, 180). When it
comes to facilitating the mobilization of critically ill patients or patients who have
undergone surgery, teamwork has been shown to be extremely important because different
professions make different assessments of a patient's ability to be mobilized (118, 138, 179).
Compared to nurses and medical doctors, physiotherapists appear to initiate mobilization
more frequently and are keener to mobilize critically ill patients and at a higher level (183).
This may be because different professions have different perspectives on mobilization.
Physiotherapists work according to a holistic approach with an aim to promote health and to
maintain or regain optimal mobility and movement in function as a way to achieve health
and quality of life (182). Hence, the physiotherapist makes an assessment of each
individual's ability and prerequisites for mobilization (184), which may explain the
physiotherapist's attitude toward mobilization. Nevertheless, as stated by the healthcare

professionals themselves, the entire team is needed for a safe immediate mobilization.

In the framework of the results in the quantitative and qualitative studies presented in this
thesis, the postoperative recovery unit seems to not only be a place for recovery, but it also
seems to be a well-situated place for initiating of mobilization of patients, as stated by the
healthcare professionals and the patients. However, it is important that the entire team is
present when the patients enter the unit after elective surgery irrespective of whether it is in

the afternoon or in the evening.

A strength of this thesis is that the results are based on quantitative objective measures and
qualitative experiences. When combining these, the entire perspective of immediate
mobilization is visible, not only at the micro perspective of SpO2 and PaO., but also at the
macro perspective of describing mobilization as a means to an end in the form of facilitated

recovery to be able to return home.
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7.1.3 Theoretical application of the movement continuum theory

As described in the background, there is a gap between current and preferred physical
capacity in patients after surgery (139). Cott et al. described the movement along the
continuum as a dynamic and independent process (139). Thus, in the context of this thesis
the micro to the macro perspective implies the impact of the immediate mobilization on
muscular and respiratory cells, the muscles, the lungs, and respiratory function and gas-
exchange and its impact on the physical and mental systems by sitting, becoming alert,
facilitating autonomy, and being able to mobilize independently. Through cooperation,
support, and motivation from healthcare professionals along with expectations and
motivation in the patient themself, the patient might start mobilizing already at the
postoperative recovery unit, thus enhancing their recovery and their ability to be discharged
from the hospital. Thus, mobilization immediately after surgery might facilitate movement
along the continuum from the micro to the macro level, from the current, impaired level to
the preferred capacity. Thus, immediate mobilization should be applied in all patients as

soon as possible after surgery instead of being cared in bed until the day after surgery.

7.1 Methodological considerations
Because this thesis represents studies with diverse designs and methodologies,

interpretations of the results have to be made in regards to methodological considerations.

7.1.2 Internal and external validity - Papers | and II
A strength of the intervention study (paper I) is the RCT with an untreated control group.

Selection bias and randomization

The population of open or robot-assisted laparoscopic elective gynecological, urological,
and endocrinological patients was consecutively included by a person with no other
involvement in the study and not involved in the randomization. Block randomization was
chosen to dilute the risk of a skewed distribution of patients to intervention groups at the
same time at the postoperative recovery unit. Randomization rendered three relatively
similar groups at baseline, except for age and ASA classification. A stratification of patients
might have rendered a more evenly distribution of patients (185). Baseline characteristics
were, however, adjusted in the analysis. The risk for selection bias might therefore be
reduced. However, patients were excluded if they required assistance for mobilization prior
to surgery or if they were not able to understand instructions or if they arrived at the

postoperative recovery unit after 6 p.m. Even if the number of patients excluded was small,
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there is a risk for selection bias and we may possibly have missed data from important

subgroups.

Attrition bias

Loss to follow up and missing outcome data in RCTs can risk over- or underestimation of
treatment effects (186). In paper I, a total 13 patients (6%) discontinued the protocol,
unfortunately unequally distributed per study group (five in the mobilization and breathing
exercises group, seven in the mobilization only group, and one in the controls). Still, this
might be considered as a quite small number when it comes to risk for attrition bias because
the rule of thumb is that more than 20% is a threat to validity (155). Reasons for
discontinuing the protocol per study group was presented in the consort flow chart as
recommended, and baseline characteristics were presented in a demographics table, which
is to be considered a strength with regards to transparency of data (185, 186). Six patients
in the intervention groups discontinued the protocol because of medical reasons, but none
in the control group discontinued due to medical reasons. It is possible that those patients
differed in patient characteristics compared to those who received the allocated
interventions. A recommended way to handle the scenario of loss to follow-up is to perform
ITT analysis because this includes all randomized patients, reflects the true clinical
scenario, and maintains the sample size (187). By just presenting the PP analysis the results
can be interpreted as too optimistic and thus have a risk of bias (187). According to
recommendations for RCTs, ITT and PP analysis were thus applied and presented for
transparency and generalizability of the data (155, 185, 186). The differences between ITT
and PP analyses in paper | were not so great, thus the impact of the loss to follow-up may

not have been so critical for the outcome.

Another consequence of discontinuing the protocol is missing data, which might have
reduced the power of the SpO2, PaO>, and PaCO- analyses. However, linear mixed model
analysis was used. This model is recommended because it is less sensitive to at-random
missing data compared to analysis of variance where least-square solutions are used to
calculate missing data. The linear mixed model instead uses a maximum likelihood solution
for the remaining data (151, 152).

Misclassification

Because paper 1l was a secondary analysis of the data from paper I, the included patients
were those who received interventions in paper I. The two intervention groups did not differ

at baseline. However, during the analysis they were divided into groups based on clinical
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relevance, and the risk of misclassification bias and incorrect conclusions due to an

inaccurate case definition cannot be ruled out (172, 188).
Measurements

In papers | and 11, the outcome measures, instruments, and procedures were standardized at
each assessment to increase the validity and reliability (189). Even so, there might be
limitations to the different instruments used for the assessments (189). For peripheral SpO2,
a measurement variability of up to £2% has been reported, and factors such as motion
artefacts, being cold, and use of nail polish can adversely affect reliability (147, 190). PaOa,
as assessed via an arterial blood gas sample, is considered to be a more robust objective
measurement compared to peripheral SpO. (147, 148). To reduce the risk of measurement
errors and to increase reliability, the blood samples were analyzed immediately and in the

same regularly calibrated machine (22, 148).

The spirometry was performed according to standardized recommendations by the same
few persons (a research nurse and physiotherapist) because consistency in the position of
the patient and the instructions for how to perform the procedure has been shown to
increase reliability (149). Abdominal surgery within 4 weeks is included as a relative
contraindication for spirometry in the recently published guidelines (149). Although we
ensured that the patients did not report pain before performing spirometry, there are still
concerns that the abdominal incision or the fear of spirometry causing pain might have
impaired the patient’s ability to perform correct spirometry on the day after surgery. As
found also in a previous study, spirometry values are decreased in patients the day after
surgery (191, 192).

Several factors have an impact on total length of stay at the postoperative recovery unit, and
we did not control for those, which is a limitation. Another approach based on readiness for
discharge with regards to respiratory and circulatory stability and pain control would have
been preferred to obtain an objective measurement.

External validity

Usually, RCTs are criticized for having an overly homogeneous group, which generally
means that it is difficult to generalize the results to other groups, situations, and contexts
not reminiscent of the tested cohort of patients (185). This RCT presented quite the
contrary, a heterogenous population, and thus the generalizability might be considered
somewhat better. Still, the possibility of generalizing the results is also dependent on how

well the cohort of patients, setting, and the context are described (185). This thesis presents
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data from a university hospital, and thus was a single center study. A university hospital is
assigned with performing highly specialized care, often on seriously ill patients with several
comorbidities. The present thesis might thus be questioned in regards to generalizability
because the population perhaps is not representative of other populations at other hospitals
in terms of type of surgery, duration of anesthesia, and potential risk of postoperative
pulmonary complications. Still, significant improvements in SpO2 and PaO> were found in
patients who received the mobilization interventions in the RCT compared to the controls,
and applying immediate mobilization in another cohort of patients might possibly render
the same improvements in respiratory outcomes as presented in this trial. Accordingly, we

suggest future studies to include patients undergoing other types of surgery.

7.1.3 Trustworthiness - Papers lll and IV

For both papers a qualitative design with semi-structured face-to-face interviews and content

analysis was chosen to answer the research question.

Throughout the entire process of a qualitative study, from preparation, to organization, to
publication, it is important to assure and increase credibility, dependability, transferability,
and conformability to establish trustworthiness (142, 161). To ensure credibility, the data
were initially coded by the author of this thesis and also independently by the last author of
each qualitative paper (MN-B for paper 111 and AS for paper V), then the coded data were
compared for discussion of differences and similarities (161). All authors were involved in
the data analysis, and investigator triangulation was used to confirm and/or to discuss the
findings (142, 161). Member-check was done during the interviews when the informants
regularly summarized what they had said. In addition, the data in paper IV were confirmed as
the findings were presented for the healthcare professionals at a meeting. In the reporting
phase, in order to stay manifest and keep the core of the text, the codes and subcategories
were named using content-characteristic words, which can also be seen as a way to increase
the reliability of the findings (159, 160).

The analysis process was iterative, and to keep track of decisions in the coding process and
other changes during the process, memos were used by the author of this thesis as a way to
maintain the stability of the data over time and to increase dependability (142, 161). The
data collection period was quite stable as the interview took place during a relatively short
period of time in both studies, and the circumstances as well as interventions were quite
similar during the study period. Still, some patients reported that it was difficult to recall the

mobilization intervention at the postoperative recovery unit (paper I11). The semi-structured
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guide was tested during a pilot interview, then slightly changed to obtain more probing
questions (145). The quality of the data from the interviews was considered satisfactory
because they were rich, provided a broad perspective, and answered the research questions,
although some interviews were short. The data collection ended when nothing notably new
related to the research question emerged, and the decision to end the data collection was
made in consultation with the interviewers in each study. The research group represented
different professions that specialized in different areas of critical and surgical care, thus with
different experiences of mobilizing patients who have undergone surgery. This can be
considered to contribute to an in-depth as well as broadened and enriched analysis of the data
(161, 193).

The findings from papers Il and IV might be transferable to similar contexts of patients,
healthcare professionals, surgeries, and environments, and thus it is important to be
transparent in the description of the setting, context, cohort, and methods used for analysis. In
papers I11 and 1V, we chose a purposeful sampling of patients (paper I11) and healthcare
professionals (paper 1V) in order to attain a broad variation of experiences of the
phenomenon being investigated (142). Moreover, we provided a clear description of the
methods and analysis. Whether our work is transferable to other settings or contexts is up to

the reader or researcher to judge (194, 195).

The methods, the semi-structured interview guide, and the analysis and results were presented
thoroughly in text to validate our findings and were reinforced with citations and tables for
exemplifying the data analysis in order to allow transparency of the analysis and to strengthen
the conformability the studies (142, 159-162).

Ethical considerations

For paper I, it can be questioned if it was ethically appropriate to use bed-bound controls,
not receiving any mobilization or breathing exercises during the time frame of 6 hours (or
earlier if discharged). Moreover, we chose to disconnect oxygen in the regular assessments
of SpO2, PaO, and PaCO». The reason for this was to allow for comparison of data over
time within and between groups and to investigate the true respiratory insufficiency in
patients. Another alternative could have been to maintain the supply of oxygen and instead
calculate PaO; kPa/FiO2 % (PFI), i.e., the ratio between the oxygen pressure in arterial
blood (PaO>) and the proportion of oxygen in inhaled air, for those with arterial needles
(22). However, postoperative respiratory insufficiency is not yet defined according to PFI
and therefore it is difficult to compare to reference values (51). However, during the

planning of the study the safety of the patients was considered and was worked through in
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consultation with the anaesthesiologist in charge of the postoperative recovery unit. The
criterion for exclusion due to circulatory and/or respiratory problems was set up and was
evaluated by an anaesthesiologist if present during the trial. Consequently, the safety

criteria were decided prior to seeking ethical approvals and thus prior to start of the RCT

(paper I).

8 CLINICAL IMPLICATIONS

The findings of this thesis have several clinical implications, especially as it adds new
knowledge to the field of mobilization after elective abdominal surgery. It covers all complex
interactions in different organ systems in the body that need to function after surgery in order
to bring about as optimal recovery as possible for the patient.

Based on the findings in the thesis, immediate mobilization after elective abdominal surgery
is important and beneficial for the patient's physical and mental well-being and should
therefore continue to be recommended. However, a recommendation (by the surgeon in
charge, or as in the ERAS concept) about mobilization as early as possible after surgery is not
enough for the mobilization to take place. It is also not enough that the healthcare
professionals have a positive attitude towards immediate mobilization. If we are to implement
this method, there is a need for structural changes, for clear clinical guidelines and policy
documents to be written, routines to be trained and processes that work invoked. Otherwise,
there is a risk that patients will be just monitored in bed- and mobilization after surgery will

be postponed to the day after surgery.

Postoperative care should not only involve monitoring of circulation, pain and fluid balance,
but also testing that the patient can get up to sitting and standing ensuring optimization before
discharge to the surgical department. Thus, mobilizing patients already at the postoperative
recovery unit can be seen as a way to enhance the patient’s respiratory status, facilitate

autonomy, and to increase alertness.

The healthcare professionals” and the patients” interviewed for this thesis reported that they
found immediate mobilization to be safe and the postoperative unit a well-situated place for
first mobilization after surgery. However, need was expressed for the entire team of nurses,
assistant nurses and physiotherapists to be available in afternoons and evenings, to coincide
with the arrival of the majority of patients, especially those going through extensive surgeries.
Accordingly, a different scheduling of staff is likely to be required. A dedicated mobilization

team would potentially be of interest to facilitate immediate mobilization.
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9 CONCLUSIONS

The combination of quantitative and qualitative research was chosen to explore not only the
respiratory effect of immediate mobilization (macro level), but also to gain insight into how
patients” and healthcare professionals” experience mobilization. The goal was to shed light on
the parts of the immediate postoperative care that can contribute to an improved recovery for
patients who have undergone elective open or robot-assisted laparoscopic gynecological,
urological, and endocrinological abdominal surgery. Thus, by mobilizing patients this early
after surgery, the gap between current physical and preferred capability might be reduced
more quickly. This thesis has contributed to an overall understanding of both objective and

subjective aspects:

e Patients who were mobilized out of bed within 2 hours after elective abdominal
surgery improved in terms of SpO2 and PaO, compared to those who had bedrest.

e It seems that mobilization per se is the most important for improvements in SpO. and
PaO, after these types of surgeries because mobilization within the first hour after
surgery was not inferior to mobilization within the second hour. A prolonged duration
of mobilization (over 90 minutes) did not seem to surpass a shorter period (30 to 90
minutes or less than 30 minutes) because improvements in SpO2 and PaO2 were
similar in all patients.

e Immediate mobilization was valued by the patients because they experienced it had a
positive effect on their overall wellbeing, mentally as well as physically. Thus
expressed as a motivating factor and an important part of the postoperative care.
Patients experienced they had everything to win and nothing to lose by this early
mobilization because their main goal was to go home.

e When healthcare professionals observed the positive physical and mental effects of
patients with immediate mobilization, their initial ambiguous feelings changed to the
belief that immediate mobilization improved and favored patients' recovery.

e The postoperative recovery unit was experienced as a safe and and well-situated place
for first mobilization after surgery by patients and by healthcare professionals. Further
to work together as a team, was experienced as important to facilitate immeidate

mobilization.
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10 FUTURE RESEARCH

To further understand, investigate, and determine the respiratory effects of mobilization
within the postoperative phase, further research is needed. The present thesis involved
patients who had undergone elective gynecological, urological, and endocrinological open or
robot-assisted laparoscopic abdominal surgery at a single center. RCTs including multiple
centers and other types of surgery are needed to further investigate and determine the impact
of immediate mobilization on respiratory function. Such studies will allow for scaled-up
subgroup analysis thus making it possible to investigate whether any or some patient
categories or types of surgery gain more or less from the intervention. Moreover, it seems
important to extend the follow up period and evaluate the need for oxygen the day after

surgery for patients with immediate mobilization.

In the present thesis we got a small glimpse of patients’ and healthcare professionals
experiences of mobilization. It is important that future studies explore and then involve the
perspective of the patients, the healthcare professionals, and the organization in regards to
mobilization in the early phase after surgery because there is still a lack of knowledge in this
field. Only then it will be possible to identify barriers and opportunities in the matter and only

then will implementation of mobilization immediately after surgery be feasible.

A knowledge-gap still remains with regards to when mobilization should commence after
elective abdominal surgery and the duration of mobilization in relation to a favorable
respiratory outcome. Powered trials, randomizing patients to groups with wider time frames
regarding commence of mobilization and scaling up the total time of being mobilized is

recommended.

Although early mobilization after abdominal surgery is recommended, there is still a lack of
knowledge as to whether the recommendations are really followed. There is a need for
multicenter observational studies investigating if and when patients are mobilized after
elective and acute abdominal surgery and if lack of or a late mobilization is associated with

impaired respiratory function.

Furthermore, studies should evaluate the cost-effectiveness of the immediate mobilization
method applied at the postoperative recovery unit in a health-economic perspective for

patients and healthcare professionals.
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