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Background: Acute high-risk abdominal (AHA) surgery is associated with high mortality, multiple postoperative complications and prolonged hospital stay. Further
development of strategies for enhanced recovery programs following AHA surgery is
needed. The aim of this study was to describe physical performance and barriers to
independent mobilization among patients who received AHA surgery (postoperative
days [POD] 1–7).
Methods: Patients undergoing AHA surgery were consecutively enrolled from a
university hospital in Denmark. In the first postoperative week, all patients were
evaluated daily with regards to physical performance, using the Cumulated Ambulation Score (CAS; 0–6 points) to assess basic mobility and the activePAL monitor
to assess the 24-hour physical activity level. We recorded barriers to independent
mobilization.
Results: Fifty patients undergoing AHA surgery (mean age 61.4 ± 17.2 years) were
included. Seven patients died within the first postoperative week, and 15 of 43 (35%)
patients were still not independently mobilized (CAS < 6) on POD-7, which was associated with pulmonary complications developing (53% v. 14% in those with CAS = 6,
p = 0.012). The patients lay or sat for a median of 23.4 hours daily during the first
week after AHA surgery, and the main barriers to independent mobilization were
fatigue and abdominal pain.
Conclusion: Patients who receive AHA surgery have very limited physical performance in the first postoperative week. Barriers to independent mobilization are primarily fatigue and abdominal pain. Further studies investigating strategies for early
mobilization and barriers to mobilization in the immediate postoperative period after
AHA surgery are needed.
Contexte : La chirurgie abdominale d’urgence à risque élevé est associée à un fort
taux de mortalité, à des complications postopératoires multiples et à des hospitalisations prolongées. Il est donc nécessaire d’élaborer de nouvelles stratégies pour améliorer le rétablissement après ce type de chirurgie. La présente étude visait à décrire le
fonctionnement physique et les obstacles aux déplacements autonomes chez les
patients ayant subi une chirurgie de ce type (jours postopératoires 1 à 7).
Méthodes : Nous avons recruté successivement les patients subissant une chirurgie abdominale d’urgence à risque élevé dans un hôpital universitaire du Danemark. Durant la première semaine postopératoire, tous les patients ont subi quotidiennement une évaluation visant à vérifier leur fonctionnement physique. Nous
nous sommes servis du Cumulated Ambulation Score (CAS; de 0 à 6 points) pour
évaluer la mobilité de base et du moniteur activPAL pour évaluer le niveau d’activé
physique 24 heures par jour. Nous avons noté les obstacles aux déplacements
autonomes.
Résultats : Cinquante patients (âge moyen : 61,4 ans ± 17,2) ont été retenus. Sept sont
décédés durant la première semaine postopératoire, et 15 des 43 patients restants (35 %)
ne se déplaçaient pas encore de façon autonome (CAS < 6) le septième jour, une situation
associée à l’apparition de complications pulmonaires (53 % c. 14 % de ceux qui avaient
un CAS de 6, p = 0,012). Les patients étaient couchés ou assis pendant une durée médiane de 23,4 heures par jour durant la première semaine postopératoire, et les principaux
obstacles aux déplacements autonomes étaient la fatigue et la douleur abdominale.
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Conclusion : Les patients qui subissent une chirurgie abdominale d’urgence à risque
élevé ont un fonctionnement physique très faible durant la première semaine post
opératoire. Les obstacles aux déplacements autonomes sont principalement la fatigue
et la douleur abdominale. Il faudra d’autres études sur les stratégies de mobilisation
précoces et les obstacles aux déplacements peu après une chirurgie abdominale
d’urgence à risque élevé.

A

cute high-risk abdominal (AHA) surgery is associated with high mortality, multiple postoperative
complications and prolonged hospital stay, especially in elderly patients.1–6 It is defined as immediate
emergency laparoscopy or laparotomy primarily to treat
intestinal obstruction, perforated viscus or bowel ischemia.7 A focus on enhanced recovery programs specifically
for patients following AHA surgery is needed to improve
the postoperative outcome. 8–15 Possible interventions
include reducing time before surgery, the early use of antibiotics, optimized fluid management, pain treatment, early
nutrition and early mobilization.8,10,12
Early mobilization and exercise are known to play
important roles in postoperative care following abdominal
surgery and are associated with less postoperative reduction of fitness and fewer postoperative complications in
patients undergoing elective surgery.9,15–20
There are, to our knowledge, no published data on
postoperative physical performance, level of 24-hour physical activity, or barriers to independent mobilization within
the first week following AHA surgery. Such findings are
crucial when organizing strategies for enhanced recovery
programs after AHA surgery.
The aim of the present study was to describe physical
performance and barriers to independent mobilization (on
postoperative days [POD] 1–7) in patients who underwent
AHA surgery.

Methods
Study population
This single-centre prospective cohort study included consecutive patients who underwent AHA surgery between
April 27 and June 18, 2014, at the Copenhagen University
Hospital, in Hvidovre, Denmark. This study is an embedded part of a larger cohort study, initiated in 2013, investigating the effect of an enhanced recovery program after
AHA surgery in 600 patients (Clinicaltrails.gov:
NCT01899885).7 The larger study does not include the
aim and outcomes reported in the present study.
The key elements of the enhanced recovery program
include the use of a preoperative nasogastric tube, an
arterial catheter and antibiotics, surgery within 6 hours
after decision to operate, perioperative fluid and pain
management (thoracic epidural with local anesthetics and
oral nonsteriodal anti-inflammatories [NSAIDs]), and
early nutrition and mobilization.7 In addition to early
2
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mobilization, every patient received daily physiotherapy
until POD-7 and was evaluated by an occupational ther
apist. The physiotherapy sessions (10–30 min per session
based on the capability of the patient) progressed on an
individual level and consisted of exercises in bed and
practising basic mobility activities, including transfer in
and out of bed, sitting to standing from a chair, walking
and stair climbing. Additionally, walking aids were
changed to less supportive aids as needed, as decribed by
Münter and colleagues21 in a similar study of patients
with hip fracture. The goal of physiotherapy was for the
patients to achieve independent mobility. When independ
ent, patients were instructed in self-training and the
importance of daily and frequent physical activity. If
required (e.g., because of shallow breathing, coughing,
secretion and atelectasis), patients received specific respiratory therapy on a daily basis.
To be included in the study, patients had to be 18 years
or older and undergoing emergency laparotomy or laparoscopy (including reoperations after elective surgery) for
intestinal obstruction, perforated viscus or bowel ischemia. 7 Patient characteristics and information about
comorbidities; day of admission; type and duration of
operation; presence of epidural, preoperative sepsis and
postoperative pulmonary complications; Eastern Cooperative Oncology Group (ECOG) scores; American Society
of Anesthesiologists (ASA) classification; and 30-day mortality were all extracted from a central database from the
larger cohort study. Postoperative pulmonary complications were defined as Clavien–Dindo classification higher
than grade I, and preoperative sepsis was evaluated using
the predisposition, insult, response, organ dysfunction
(PIRO) classification.22,23 The ECOG score is a preoperative physical performance status on general well-being
and activities of daily living, with a score of 0 indicating
perfect health and a score of 5 indicating death.24 The
ASA classification assesses physical status before surgery,
with a score of 1 indicating normal health and a score of 5
indicating a moribund patient.25 The prehospital functional performance, assessed using the New Mobility
Score (NMS), was obtained from the electronic patient
records supplemented with information from the patient
and/or relatives when necessary. The NMS, developed in
1993, is used to assess the functional level in patients with
decreased mobility. 26 It assesses 3 activities: walking
indoors, walking outdoors and shopping. Each activity is
scored from 0 to 3 (0 = not at all able, 1 = able with help
from another person, 2 = able with a walking aid, 3 = no
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difficulty and no aid), giving a total score of 0–9 for overall mobility.27,28
The regional ethical committee waived the need for
written informed consent in this study (H-2–2014FSP31). This study was preregistered with Clinicaltrials
.gov: NCT02124356. We used the Strengthening The
Reporting of OBservational Studies in Epidemiology
(STROBE) checklist for observational studies for the
reporting of the study.29
Physical performance
We assessed postoperative physical performance using the
Cumulated Ambulation Score (CAS) and with a 24-hour
activity monitor (activPAL, PAL Technologies Ltd.).
The CAS was first described in a 2006 validation paper
to investigate independence in ambulation following hip
fracture surgery.30 In 2012, the CAS was validated for use
in geriatric patients.31 Three basic mobility activities are
evaluated:
• getting in and out of bed (from supine in bed to sitting
at the side of the bed to standing or transfer to sitting in
chair placed beside the bed, and return to the supine
position in bed)
• sitting to standing to sitting from a chair with armrests
• indoor walking, with an appropriate aid allowed in
transfer and walking if necessary32
Each activity is scored from 0 to 2 (0 = not able despite
human assistance and verbal cueing, 1 = able with verbal
cueing and/or human assistance from 1 or more individ
uals, 2 = able safely without human assistance or verbal
cueing), making up a total score of 0–6 reflecting the scale
from bedbound to independent mobilization.32,33 In addition to routine treatment, a physiotherapist tested the
patients after AHA surgery using CAS on PODs 1–7. A
total of 8 skilled physiotherapists participated in data collection. They all had experience using the CAS and were
calibrated before the present study.
The 24-hour physical activity level was assessed on
PODs 1–8 using the activPAL. The activPAL is a uniaxial
accelerometer that registers time spent, in hours, in sitting/
lying and standing/walking positions. It also includes an
inclinometer that can register the number of transitions
made from sitting to standing and from standing to sitting.34,35 The validity of the activPAL has been confirmed
in both healthy and hospitalized elderly people.36,37 The
monitor was attached to the skin on the anterior of the mid
thigh. Every day, a physiotherapist checked the battery and
recording indicator and ensured that the monitor was
firmly attached. ActivPAL results are presented for PODs
2, 4 and 7 in order to present a picture of the 24-hour
activity level immediately after surgery, midweek and
1 week postoperatively. Results from PODs 1 and 8 were
omitted because the monitor could not record the full
24-hour period for these days. The decision to omit these

data was made during data quality checks before any statistical analyses were run. Results are presented as time
(hours) each day spent inactive (sitting/lying) and active
(standing/walking) in addition to the number of transitions
from sitting to standing. The categories of walking and
standing were combined because the activPAL sensor has
been known to underestimate the time spent walking at
low walking speed.36,37
Barriers to independent mobilization
Patients with a CAS score of 6 are by definition independ
ently mobile with or without a walking aid, thus, we used
a CAS score of 6 as a cut-off point for independently/
nonindependently mobile patients during hospitalization.
Every day, patients who were not independently mobile
were asked what factors/barriers had restricted their
mobilization, and the physiotherapists registered the primary barrier for independent mobilization from a predefined list: pain, motor blockade, dizziness, exhaustion/
fatigue, nausea and vomiting, acute cognitive dysfunction,
respiratory problems, unconsciousness, patient declines,
logistics (e.g., examination at other hospital ward), monitoring equipment, or other. The list of barriers was predefined by the research group before study initiation.
Pain was assessed using a visual analogue scale (VAS) on
PODs 1–7. Patients were asked to indicate their level of pain
at rest and during physical activity on a 10 cm line indicating
“no pain” to “worst possible pain.” The physiotherapist
registered the corresponding measurement on the back of
the VAS scale and noted the location of the pain.38,39
Statistical analysis
No previous data existed in this patient group from which
a sample size could be made. No formal sample size estimation was done for this descriptive study, but we con
sidered a consecutive sample of 50 patients undergoing
AHA surgery to be representative.
Data were tested for normal distribution using the
Kolmogorov–Smirnov test and visual inspection of Q-q
plots. For descriptive data, continuous, normally distributed data are presented as means ± standard deviations
(SD), categorical and non-normally distributed data are
presented as medians and interquartile ranges (IQR), and
nominal data are presented as numbers and percentages.
We analyzed differences between groups using the
independent t test for continuous, normally distributed
data, the Mann–Whitney U test for non-normally distributed data and the χ2 or Fisher exact test for categorical and
nominal data. We used univariable logistic regression to
evaluate the association between the development of a pulmonary complication and the CAS level at POD-7. All
analyses were performed using SPSS software version 19.
We considered results to be significant at p < 0.05.
Can J Surg, 2017
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Results
Study population
Fifty-three patients underwent AHA surgery during the
study period and were eligible for inclusion. Three patients
were excluded: 1 because of competing orthopedic surgery
on PODs 1 and 2 because they were permanently transferred to another hospital on POD-2 (Fig. 1). The total
number of included patients was 50. Missing data in the
first postoperative week are clarified in Figure 1.
Patient characteristics are presented in Table 1. The
mean age of patients was 61.4 ± 17.2 years, and almost all
patients were admitted from their own homes and with a
high preoperative functional level. Furthermore, most
patients were generally healthy, with a high physical status
before surgery when evaluated with the ECOG score
(74% had a score of 0–1) and ASA classification (66% were
ASA class 1–2). The median length of stay of the cohort
was 12 (IQR 7–22) days from the day of AHA surgery to
discharge. Ten patients were admitted to the intensive care
unit postoperatively for a median of 3.0 (IQR 1.0–5.5)
days. During hospitalization, 17 (34%) patients experienced a pulmonary complication within a mean of 3.3 ±
2.5 days after surgery.
Seven patients died and 12 were discharged during
the first postoperative week. From PODs 8 to 30, no
more patients died. The patients who died were older
(mean age 79.7 ± 5.5 yr v. 58.4 ± 16.6 yr, p = 0.002) and
had a lower median NMS score (5 [IQR 1–5] v. 9 [IQR
9–9], p < 0.001) than the rest of the cohort. There was no
significant difference in sex distribution between those

who died and those who survived (p = 0.24), but the
7 patients who died had significantly higher ECOG (≥ 2)
and ASA (5 of 7 patients had ASA ≥ 3) scores. Five of the
7 patients who died experienced a postoperative pulmonary complication.
Physical performance
During PODs 1–7, 28 of the 43 (65%) patients who survived became independently mobile (CAS = 6) after a
median of 3 (IQR 1–8) days. Patients who were non
independently mobile (CAS < 6) on POD-7 were significantly older, were more often admitted to the ICU, more
often experienced a pulmonary complication, and had a
longer stay in hospital after surgery than those who were
independently mobile (Table 2). Correspondingly, the
odds of a pulmonary complication occurring in the
independent (CAS = 6) group was 85% less (odds ratio
0.15, 95% confidence interval [CI] 0.03–0.63).
The patients lay or sat for a median of 23.8 (IQR 22.8–
24.0) hours on POD-2, 23.5 (IQR 22.5–24.0) hours on
POD-4, and 23.4 (IQR 22.3–23.8) hours on POD-7.
Patients who were independently mobile on different postoperative days stood or walked significantly more minutes,
and had more transitions from sitting to standing than
those who were not independent (Table 3).
Barriers to independent mobilization
Patients who were not independently mobile on POD-1
were primarily restricted by monitoring equipment (12 of
38) and fatigue (11 of 38). On PODs 2–7 the primary

Eligible for inclusion
n = 53
Excluded patients:
• Competing orthopedic surgery on POD-1 (n = 1)
• Transferred to another hospital on POD-2 (n = 2)

Completed follow-up
and analyzed
n = 50

Missing data:
• No cumulated ambulation score for basic mobility on POD-2 because
of temporary transfer to another hospital (n = 1)
• No activPAL data on POD 1–7 because patient was moribund (n = 1)
• ActivPAL monitor was lost after patient died (n = 1)
• No visual analogue scale score for pain on POD 1–7 because of logistic
reasons (POD-1 n = 7; POD-2 n = 9; POD-3 n = 7; POD-4 n = 2;
POD-5 n = 6, POD-6 n = 5 and POD-7 n = 3)

Fig. 1. Flow of patients through the study. POD = postoperative day.
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 arrier to mobilization was fatigue (42%–70%), followed
b
by pain (13%–20%; Table 4). On POD-1, 11 of 42 (26%)
patients experienced moderate to severe pain (VAS 5–10),
primarily in the abdominal area; the degree and location
of pain are presented in Table 5.

Discussion
The main findings of the present study were the low level
of physical performance in the first postoperative week in
patients undergoing AHA surgery despite early mobilization in addition to standardized physiotherapy, occupational therapy assessments and training. Patients who
were nonindependently mobile within the first postoperative week more often experienced a pulmonary complication than patients who were independently mobile. The
primary barriers to independent mobilization within the
first week were fatigue and abdominal pain.
Physical performance
Most patients undergoing AHA surgery in this study had a
high preoperative functional level and were generally
healthy. Thus, a relatively high level of physical performance could be expected after surgery, but this was not
the case, as 35% of the patients were nonindependently
mobile and had low levels of 24-hour physical activity
1 week after surgery. The remaining patients, although
independently mobile, still stood or walked for fewer than
1.5 hours per day in the first postoperative week. This
degree of inactivity is associated with a high risk of sarcopenia, loss of muscle strength and decreased functional
performance due to immobilization.18,40–44
Other studies have also reported a low degree of mobilization following abdominal surgery.19,45 In the study by Haines
and colleagues,19 only 48% of patients undergoing abdom
inal surgery were able to walk more than 10 m away from the
bed on POD-1.19 Their study included both emergent (22%)
and elective surgery (78%) patients, and the primary surgeries were hepatobiliary (60%) and colorectal (31%).19 A study
by Browning and colleagues45 including patients undergoing
elective upper abdominal surgery also reported a low level of
physical activity within the first 4 days.45
Correspondingly, a recent study by Bailey and colleagues46 found that 22.6% of older people (≥ 70 yr) undergoing nonelective abdominal surgery experienced a loss of
independence, and this was associated with increased
health care cost. Our results show that patients who were
nonindependently mobile 1 week postoperatively were significantly older, more inactive and had an increased risk of
longer hospital stay. These results confirm that, following
AHA surgery, elderly people are vulnerable and at risk of
losing physical performance when hospitalized. Furthermore, the loss of physical performance after discharge in
elderly patients is associated with an increased risk of falls,

readmission, social isolation, home care replacement and,
in the worst case scenario, death.40,41,43,47–49 Therefore,
intervention strategies, such as early mobilization and
more intensive mobilization, should be prioritized for
elderly patients. A recent systematic review by Castelino
and colleagues16 reports little available evidence to guide
clinicians in strategies of early mobilization following
abdominal and thoracic surgery. This reveals the need for
studies investigating the effect of early and standardized
mobilization in patients following AHA surgery in association with physical performance.
Among the most frequent postoperative complications
following major abdominal surgery are pulmonary complications,2,17,50 which are associated with a low degree of
Table 1. Characteristics of patients undergoing AHA surgery
(n = 50)
Characteristic
Age, mean ± SD, yr
Female sex
BMI, mean ± SD [range]†

No. (%)*
61.4 ± 17.2
24 (48)
25.0 ± 5.8 [15.3–40.6]

Diagnosis
Obstruction

15 (30)

Perforation

25 (50)

Other‡

10 (20)

Type of surgery
Emergency laparotomy
Emergency laparoscopy
Duration of surgery, mean ± SD, h

42 (84)
8 (16)
2.1 ± 1.3

Thoracic epidural

45 (90)

Preoperative sepsis§

26 (54)

Postoperative pulmonary complications

17 (34)

Comorbidities
Cardiovascular diseases

22 (44)

Respiratory diseases

9 (18)

Diabetes mellitus (type 1 and 2)

1 (2)

ECOG score
0–1 points

37 (74)

2–4 points

13 (26)

ASA classification
1–2
3–4
LOS after surgery, median (IQR), d¶
Admitted to ICU
LOS in the ICU, median (IQR), d
Residential status, own home

33 (66)
17 (34)
12 (7–22)
10 (20)
3.0 (1.0–5.5)
47 (94)

NMS score, median (IQR)

9 (6–9)

Walking aid†

11 (22)

Home care

11 (22)

AHA = acute high-risk abdominal; ASA = American Society of Anesthesiologists; BMI =
body mass index; ECOG = Eastern Cooperative Oncology Group; ICU = intensive care
unit; IQR = interquartile range; LOS = length of stay in hospital; NMS = New Mobility
Score; SD = standard deviation.
*Unless indicated otherwise.
†n = 49.
‡Primarily diverticulitis Hinchey grade 3, mesenteric ischemia and surgically treated
gastrointestinal bleeding.
§n = 48.
¶n = 43.
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 hysical activity and delayed or dependence in mobilizap
tion.19,46,51–53 In the present study 34% of patients experienced postoperative pulmonary complications, which corresponds to the 36% reported for the total cohort of
600 patients who received AHA surgery following a multidisciplinary perioperative protocol.7 Results of the present
study showed that a higher proportion of patients who were
nonindependently mobile on POD-7 experienced a pulmonary complication. Nonindependent patients were also
more sedentary (lay or sat more) than patients who were
independently mobile on POD-7. Evidence suggests that

early mobilization may reduce the incidence of pulmonary
complications after abdominal surgery, but there is limited
knowledge on the frequency and intensity of mobilization
needed to achieve this outcome.16,19,52,54–56 This reveals the
importance of interventions aimed at reducing the risk of
postoperative pulmonary complications, where early mobil
ization and respiratory therapy could play a role.
Barriers to independent mobilization

On POD-1, patients and hospital staff reported monitoring
equipment (e.g., blood pressure, heart rate, saturation) and
therapeutic equipment (e.g., oxygen tubing and intravenous
Table 2. Differences in patient characteristics between
independently (CAS = 6) and nonindependently (CAS < 6)
therapy) as the main barrier to mobilization, preventing
mobile patients within the first postoperative week (n = 43)
movement out of the bed in the early stage. In the study by
Group; no. (%)*
Haines and colleagues,19 hypotension was the most common barrier to mobilization on POD-1 after acute and
CAS < 6
CAS = 6
Characteristic
(n = 15)
(n = 28)
p value
elective major abdominal surgery. Hypotension was not by
Age, mean ± SD, yr
67.2 ± 15.5
53.7 ± 15.5
0.009
itself an indication for nonindependent mobilization in the
NMS score, median (IQR)
9 (4–9)
9 (9–9)
0.08
present study, and dizziness, which could be a result of
Sex
0.69
orthostatic hypotension, was seldom reported on POD-1.
Female
6 (40)
13 (46)
Throughout PODs 2–7, fatigue was the main barrier to
Male
9 (60)
15 (54)
independent mobilization, especially on POD-4 (70%),
Admitted to ICU
6 (40)
1 (4)
0.005
but it was not possible to explain the reason for patients
Type of surgery
feeling fatigued based on the data collected in the present
Emergency laparotomy
13 (87)
22 (79)
0.69
study. Fatigue is pronounced after major abdominal surEmergency laparoscopy
2 (13)
6 (21)
gery, probably because of inflammatory response.15,20,56
Duration of surgery, mean ±
2.2 ± 1.5
2.0 ± 1.3
0.67
SD, h
Despite a multimodal analgesia regime, including thoracic
Preoperative sepsis
8 (57)†
15 (56)‡
0.92
epidural with local anesthetics and oral NSAIDs, a large proPostoperative pulmonary
8 (53)
4 (14)
0.012
portion of patients experienced moderate to severe pain in
complication
the abdominal area during mobilization. Thus, 13%–20% of
LOS, median (IQR), d
22 (13–28)
8 (5–14.5)
0.001
the patients reported pain as the main barrier to independent
CAS = Cumulated Ambulation Score; ICU = intensive care unit; IQR = interquartile range;
mobilization on PODs 2–7. Correspondingly, other studies
LOS = length of stay; NMS = New Mobility Score; SD = standard deviation.
*Unless indicated otherwise.
found that patients reporting more pain or inadequate pain
†n = 14.
relief were less physically active after elective abdominal sur‡n = 27.
gery.45,51 Overall, fatigue and abdom
inal pain are the primary barriers to
Table 3. Level of 24-hour physical activity between independently (CAS = 6) and
independent mobilization and may
nonindependently (CAS < 6) mobile patients within the first postoperative week
inhibit early ambulation, therefore a
CAS < 6
CAS = 6
focus on these barriers and intervenActivity
Median (IQR)
n*
Median (IQR)
n*
p value
tions aiming to deal with them, should
Sit/lie, h
be considered. Possible interventions
POD-2
23.9 (23.8–24.0)
28
22.5 (22.3–23.3)
16
< 0.001
are the use of intraoperative high-dose
POD-4
24.0 (23.7–24.0)
21
22.7 (21.2–23.2)
22
< 0.001
glucocorticoids, which attenuate
POD-7
23.8 (23.5–24.0)
15
22.5 (21.6–23.2)
15
< 0.001
inflammatory response and could
Stand/steps, h
reduce both fatigue and pain, as well as
POD-2
0.1 (0.0–0.2)
28
1.5 (0.8–1.7)
16
< 0.001
the use of psychotropic drugs that
POD-4
0.0 (0.0–0.3)
21
1.3 (0.8–2.8)
22
< 0.001
reduce fatigue.57,58
POD-7
0.2 (0.1–0.5)
15
1.5 (0.8–2.4)
15
< 0.001

No. of transitions from
sitting to standing
POD-2

Limitations
3.0 (2.0–5.0)

28

15.5 (8.8–26.8)

< 0.001

POD-4

2.0 (0.5–7.5)

21

24.5 (18.5–36.5)

22

< 0.001

POD-7

8.0 (4.0–14.0)

15

33.0 (26.0–46.0)

15

< 0.001

CAS = Cumulated Ambulation Score; IQR = interquartile range; POD = postoperative day.
*Number of patients still alive and not discharged.
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A limitation to the present study
might be that, even though all the
included patients attempted mobilization on POD-1, it was not possible to
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conduct this assessment at the same time point postoperatively, so some patients were tested a few hours after surgery and others were tested up to 24 hours after surgery.
This may have affected the comparability of CAS and VAS
scores on POD-1. Another limitation is that postoperative
pain assessments were missing in some patients on each of
the first 7 days after surgery. This was mainly because of
difficulties for patients to specify their level of pain using a
VAS. Therefore, a VAS may not be the most appropriate
assessment tool of pain in this population.

Conclusion
Following AHA surgery, patients have very limited phys
ical performance in the first postoperative week, with a
low level of 24-hour physical activity, as well as a higher
risk of pulmonary complications. Barriers to independent
mobilization within the first week after AHA surgery
appear to be fatigue and abdominal pain. When developing enhanced recovery programs for patients undergoing
Table 4. Barriers for independent mobilization (CAS < 6) in the
first postoperative week
No. (%) of patients
POD-1
(n = 38)

POD-2
(n = 31)

POD-4
(n = 23)

POD-7
(n = 15)

Pain

3 (8)

6 (19)

3 (13)

3 (20)

Motor blockade

1 (3)

0 (0)

0 (0)

0 (0)

Barrier

Dizziness
Fatigue

3 (8)

2 (6)

0 (0)

0 (0)

11 (29)

13 (42)

16 (70)

8 (53)

Nausea and vomiting

1 (3)

1 (3)

0 (0)

0 (0)

Acute cognitive
dysfunction

0 (0)

0 (0)

0 (0)

1 (7)

Respiratory problems

0 (0)

1 (3)

0 (0)

0 (0)

Unconsciousness

3 (8)

3 (10)

1 (4)

1 (7)

Patient declines

2 (5)

0 (0)

0 (0)

0 (0)

Logistics

0 (0)

3 (10)

2 (9)

1 (7)

Monitoring equipment

12 (32)

1 (3)

0 (0)

0 (0)

2 (5)

1 (3)

1 (4)

1 (7)

Other

CAS = Cumulated Ambulation Score; POD = postoperative day.

Table 5: Degree and location of pain during physical performance
on PODs 1, 2, 4 and 7
No. (%) of patients
Pain during
physical activity

POD-1
(n = 42)

POD-2
(n = 39)

POD-4
(n = 43)

POD-7
(n = 31)

VAS 0–4*

31 (74)

26 (67)

33 (77)

25 (81)

VAS 5–10†

11 (26)

13 (33)

10 (23)

6 (19)

Location of pain
(primarily)

POD-1
(n = 24)

POD-2
(n = 28)

POD-4
(n = 26)

POD-7
(n = 16)

23 (96)

26 (93)

22 (85)

14 (88)

1 (4)

2 (7)

4 (15)

2 (13)

Abdomen
Other‡

POD = postoperative day; VAS = visual analogue scale.
*No pain to mild pain.
†Moderate to severe pain.
‡Columna lumbalis/cervicalis and lower extremity.

AHA surgery, further studies investigating strategies for
early mobilization and barriers to mobilization in the
immediate postoperative period are urgently needed.
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