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Abstract

Objectives  Evaluation of physiotherapeutic provision for patients undergoing open thoracotomy and lung surgery in the UK. Timing of
physiotherapy, modalities used and factors influencing practice were also investigated.
Design  Survey.
Setting  Tertiary centres performing thoracic surgery.
Participants  Forty UK centres were identified, and senior physiotherapists were invited to participate.
Methods  A postal survey was distributed to identified centres in August 2008, with further follow-up of non-responders. This was adapted
from a similar study conducted in Australia and New Zealand.
Results  Thirty-one responses were received (78%). Pre-operative physiotherapy was provided by 87% of respondents: 10% provided
physiotherapy for all patients and 77% only provided physiotherapy for high-risk patients. Pre-operative pulmonary rehabilitation was
reported in 13% of centres. Postoperative physiotherapeutic assessment was undertaken routinely by 97% of respondents: 81% provided
physiotherapy to all patients, and 16% only provided physiotherapy when a specific problem was identified. The treatments given were
relatively standardised. The provision of physiotherapy following hospital discharge was generally very sparse.
Conclusion  This study provides a guide for physiotherapists working with patients undergoing thoracic surgery to use to compare their
current practices. Postoperative physiotherapy is provided extensively to UK patients undergoing open thoracotomy. However, pre-operative
provision is more variable and is mainly provided for high-risk patients. Despite the subsequent publication of pre- and postoperative pulmonary
rehabilitation studies, UK physiotherapy practice remained similar to that reported in Australia and New Zealand. Further research in this
field is necessary to investigate the role of pre-operative physiotherapy, the role of pre- and postoperative pulmonary rehabilitation, and the
effectiveness of routine postoperative physiotherapy.
© 2012 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Introduction

Pre- and postoperative physiotherapy is provided for
patients undergoing major thoracic surgery to reduce
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postoperative complications, despite there being little empir-
ical research in this area. Physiotherapy is widely considered
to be important in limiting the development of postoperative
pulmonary complications, which are associated with signif-
icant clinical and economic impact [1–3], and to prevent
and treat shoulder dysfunction following thoracotomy, which
has been reported extensively [4]. The aim of this study
was to investigate the provision of physiotherapy for patients
undergoing open thoracotomy for lung surgery in the UK;
to ascertain what interventions are applied; when and by
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whom; and to establish which factors, given the limited evi-
dence to date, influence the provision of physiotherapy. This
is becoming of increasing relevance as new UK guidelines
for lung cancer resection surgery include broader selection
criteria than previously [5]; this may result in more patients
developing complications following surgery. This study also
enables comparison of physiotherapeutic practice in the UK
with overseas practice [6], and thus helps to determine the
applicability of the evidence from more recent investigations
following thoracic surgery within the UK context.

Methods

Hospitals in the UK providing thoracic surgery services
were identified from the database of the Society of Cardio-
thoracic Surgery of Great Britain and Ireland, and an internet
search of all UK hospitals with cardiothoracic surgical facil-
ities, and this was confirmed by telephone contact with units
undertaking thoracic surgery. The study was approved by
the clinical governance team at the Heart of England NHS
Foundation Trust, and further ethical approval was deemed
unnecessary as the study was considered to be observational.
A postal survey was distributed in August 2008 to the relevant
senior physiotherapist in each thoracic surgical unit, with a
covering letter explaining the aims of the study. Confidential-
ity, but not initial anonymity, was assured as a coding system
was needed for follow-up of non-responders. Anonymity of
respondents was maintained during data entry, data anal-
ysis and write-up phases. The questionnaire was adapted,
with permission, from a similar study in Australia and New
Zealand [6]. Questions referred to the management of patients
undergoing open thoracotomy for lung surgery unless stated.
Questions were closed with the exception of respondents cit-
ing research that had influenced their practice, and where
respondents were asked to rank (on a five-point Likert scale,
1 = no influence at all, 5 = very influential) how much per-
sonal experience, literature recommendations, anaesthetic
or surgical colleagues’ preferences, resource considerations,
tradition and staffing numbers/caseload had influenced their
pre- and postoperative provision of physiotherapy. Data were
analysed using primarily descriptive statistical analysis with
Statistical Package for the Social Sciences Version 17 (IBM
Corporation, NY, USA).

Results

Forty-one questionnaires were distributed. However, one
respondent indicated that they no longer provided thoracic
surgery services, so the actual valid number of questionnaires
distributed was 40. The response rate was 78% (n  = 31). Data
are reported as the number of respondents for each individual
question, which varied throughout the survey. Demographic
data are displayed in Table 1.

Table 1
Demographic data.

n (%)

Number of patients undergoing open thoracotomy per week in each centre
1 to 5 16 (52)
6 to 10 8 (26)
>10 6 (19)
Not stated 1 (3)
Type of surgery
Pulmonary resection 31 (100)
Pleural surgery 31 (100)
Video-assisted thoracoscopic surgery 31 (100)
Oesophageal 11 (35)
Chest wall surgery 26 (84)
Lung volume reduction surgery 24 (77)
Other 5 (16)
Mean postoperative length of stay (days)
1 to 3 2 (7)
4 to 7 28 (90)
8 to 10 0
>10 1 (3)

Pre-operative  physiotherapeutic  management

Twenty-seven respondents (27/31, 87%) indicated that
pre-operative physiotherapy was provided for patients under-
going open thoracotomy at their centres. Three respondents
(3/31, 10%) reported that all patients were given pre-
operative physiotherapy, and 24 respondents reported that
some patients were given pre-operative physiotherapy (24/31,
77%). Reasons for non-provision of pre-operative physio-
therapy were lack of time, insufficient evidence or lack of
referral. At centres where some, but not all, patients were
given pre-operative physiotherapy, this was due to insuf-
ficient staff (7/31, 23%) or because these patients were
perceived as high risk (17/31, 55%). Patients in this cat-
egory were seen because they had reduced lung function
or exercise tolerance, chronic obstructive pulmonary dis-
ease, bronchiectasis or poor mobility. Patients were assessed
either before admission (6/31, 19%), after admission (13/31,
42%) or both (8/31, 13%), and the majority of respondents
(24/31, 77%) reported that patients were assessed on a face-
to-face basis. Pre-operative physiotherapeutic interventions
included deep breathing exercises (19/27, 70%), huffing and
coughing (24/27, 89%), active cycle of breathing techniques
(17/27, 63%), incentive spirometry (10/27, 37%) and admin-
istration of written information (19/27, 70%). Pre-operative
pulmonary rehabilitation was reported by 14 respondents
(14/31, 45%). Of the centres offering pre-operative pul-
monary rehabilitation, 11 respondents reported that this
was provided routinely (11/31, 35%), primarily for patients
undergoing lung volume reduction surgery (10/11, 91%).
Only one respondent (1/31, 3%) reported pre-operative pul-
monary rehabilitation provision for all patients undergoing
open thoracotomy and lung resection, and three respon-
dents (3/31, 10%) reported occasional provision for high-risk
patients.
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Postoperative  physiotherapeutic  management

Postoperative physiotherapeutic assessment on postoper-
ative day 1 was provided routinely for patients undergoing
open thoracotomy in 30 centres (30/31, 97%). Twenty-five
respondents (25/31, 81%) reported that prophylactic phys-
iotherapeutic treatments were subsequently provided to all
patients, and five respondents (5/31, 16%) reported that treat-
ment was administered as necessary following assessment.
Two centres (2/31, 6%) reported that physiotherapy was ini-
tiated on the day of surgery. On postoperative day 1, more than
half of the respondents (17/31, 55%) reported that patients
were treated once, and 11 respondents (11/31, 35%) reported
that patients were treated twice or more. After postoperative
day 1, patients were generally reported as receiving treatment
once daily.

Table 2 shows the number of respondents who reported
regular use of certain postoperative interventions at their cen-
tres. Interventions that were not normally used or that were
considered contraindicated are also shown. The frequency
of mobilisation/exercise interventions and advice/discharge
information are shown in Fig. 1, together with the number of
staff instigating these practices. As relatively vigorous exer-
cise is considered to be safe in this population [7], the use
of bicycles and steps was also investigated. The majority of
respondents reported sitting patients out of bed (28/31, 90%),
and commencing assisted mobilisation (20/31, 65%) and bed-
side marching (4/31, 13%) on postoperative day 1. Twenty
respondents (20/31, 65%) reported that they used incentive
spirometry in the treatment of patients following open tho-
racotomy: 11 (11/31, 35%) normally used this modality and
nine (9/31, 29%) used it occasionally.

Postoperative  physiotherapeutic  management  following
video-assisted thoracoscopic  surgery

Twelve respondents (12/31, 39%) reported that they
assessed and treated all patients following video-assisted
thoracoscopic surgery (VATS), and 18 (18/31, 58%) respon-
dents reported that they only treated and assessed patients
at high risk of developing postoperative complications

following VATS, or patients demonstrating respiratory dete-
rioration. One respondent (1/31, 3%) reported that patients
were only assessed following VATS on referral.

Postdischarge  physiotherapeutic  management

Physiotherapeutic follow-up in outpatient clinics, postop-
erative pulmonary rehabilitation and post-thoracotomy pain
management were not widely reported following hospital dis-
charge. These services were only offered to some patients in
26% (8/31), 19% (6/31) and 3% (1/31) of centres, respec-
tively.

Factors influencing  physiotherapeutic  management

The responses on the Likert scale indicated that personal
experience was the most influential factor in pre-operative
provision of physiotherapy (mode 4), whereas personal expe-
rience and literature recommendations were most influential
for postoperative provision of physiotherapy (mode 4).

Influence of  research  awareness  on  physiotherapy
service  provision

Respondents were asked which literature, if any, had
influenced their physiotherapeutic management of patients
following thoracic surgery. Six respondents (6/31, 19%)
named specific papers or articles regarding patients undergo-
ing thoracic surgery [6–9], two respondents (2/3, 6%) named
specific papers or articles regarding patients undergoing car-
diac surgery [10,11], and a further four respondents (4/31,
13%) alluded to some of the thoracic surgery studies in open
comments but were unable to name specific papers.

Discussion

The responses to this survey provide an insightful snapshot
of physiotherapeutic practice for patients undergoing thoracic
surgery in the UK, helping clinicians to compare their practice
with that of others in the UK and overseas, and with the
evidence to date.

Table 2
Interventions normally used by physiotherapists for non-complicated patients undergoing open thoracotomy.

Postoperative intervention Number of respondents (%)

Normally used Not normally used Contraindicated Not specified

Deep breathing exercises 28 (90) 1 (3) 0 2 (6)
Active cycle of breathing techniques 22 (71) 7 (23) 0 2 (6)
Forced expiratory technique 26 (84) 4 (13) 0 1 (3)
Sniff 7 (23) 20 (65) 0 4 (13)
Cough 30 (97) 1 (3) 0 0
Incentive spirometry 11 (35) 19 (61) 0 1 (3)
Intermittent positive pressure breathing 3 (10) 23 (74) 3 (10) 2 (6)
Bi-level positive airway pressure 1 (3) 26 (84) 2 (6) 2 (6)
Continuous positive airway pressure 2 (6) 24 (77) 2 (6) 3 (10)
Positive expiratory pressure 2 (6) 27 (87) 0 2 (6)
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Fig. 1. Mobilisation/exercise interventions, and advice and discharge information.

Pre-operative  physiotherapeutic  management

Provision of pre-operative physiotherapy for patients
undergoing open thoracotomy was relatively widespread for
those perceived to be at high risk. However, despite many
centres providing pre-operative physiotherapy, research in
this area is sparse and methodologically limited [7,8,12]. In
addition, most respondents reported a lack of provision of
pre-operative pulmonary rehabilitation and, where provided,
it was typically offered to patients undergoing lung vol-
ume reduction surgery for whom there is evidence of benefit
[13]. Recently, studies investigating pre-operative pulmonary
rehabilitation in patients undergoing open lung resection
have also been undertaken and demonstrate improvements
in pre-operative exercise capacity and predicted postoper-
ative lung function [14–17]. However, these studies were
small and non-randomised, and the impact upon postoper-
ative complications is not yet clear. Most of these studies
[14–16] were published shortly before the current survey
was undertaken but do not, as yet, appear to have influ-
enced UK practice. The present study corroborates that of
Reeve et al.  [6], whereby a similar proportion of respon-
dents reported routine face-to-face contact with either all
patients or selective high-risk patients, and only limited cen-
tres offered pre-operative pulmonary rehabilitation. Similar
to Reeve et  al.  [6], the present study found that personal expe-
rience was the most influential factor in guiding pre-operative
practice, and this is not surprising given the limited evidence.
Interestingly, in other types of major surgery, studies have
found that a pre-operative tailored physiotherapeutic inter-
vention significantly reduces the incidence of postoperative
pulmonary complications [18,19]. Future studies should
focus on the efficacy of differing pre-operative physiother-
apeutic interventions to improve postoperative outcomes.

Postoperative  physiotherapeutic  management

This study found that provision of postoperative phys-
iotherapy following open thoracotomy for lung surgery was
widespread across the UK. The actual interventions provided
varied, but the majority of respondents offered prophylactic
treatment including deep breathing exercises, early mobil-
isation (provided by both physiotherapy and nursing staff)
and shoulder exercises. In the survey by Reeve et  al.  [6],
the majority of respondents also reported providing routine
physiotherapeutic assessment, but fewer respondents offered
prophylactic treatment. Other interventions, including shoul-
der exercises, were comparable. This survey demonstrated
wide variability in the postoperative use of adjuncts such
as incentive spirometry and positive expiratory pressure
devices, also similar to the study by Reeve et  al.  [6].

Incentive spirometry has been shown to contribute to faster
postoperative recovery of lung function in patients under-
going pneumonectomy and lobectomy [8]. However, there
is no documented benefit in terms of reduction in postop-
erative pulmonary complications in thoracic surgery [9,20]
or other surgical populations [21]. Despite this, the present
study found relatively wide use of incentive spirometry. Sim-
ilarly, evidence for positive expiratory pressure therapy is
also lacking, with two older, comparative studies of question-
able methodology revealing little benefit in this population
[22,23]. The use of exercise equipment, compared with more
traditional forms of exercise such as walking, marching and
stair climbing, was also variable and limited amongst respon-
dents. A small amount of evidence supports the widespread
practice of including early postoperative mobilisation within
care pathways following thoracic surgery; these studies
showed a reduction in adverse outcomes and hospital costs
[24,25]. Since the survey, further higher-quality research has
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been published, including the only randomised controlled
trial in this field [26,27]. One of these studies found that
targeted postoperative respiratory physiotherapy, in addition
to early mobilisation, good pain relief and a standardised
clinical pathway, did not reduce postoperative pulmonary
complications in patients undergoing open lung resection
[26]. However, given the small number of patients in this
study, further studies are warranted to clarify the neces-
sity for such interventions, especially in higher-risk patients.
The inclusion of a physiotherapy-led postoperative shoul-
der exercise programme in this regimen was also evaluated,
and significant benefits were demonstrated [27]. A further
study found that, following lung resection, a programme
implementing respiratory physiotherapy, early mobility, and
strength and mobility training did not reduce postoperative
pulmonary complications, or improve quality of life or exer-
cise tolerance despite a significant prevention in decline
of quadriceps strength [28]. Most recently, a large non-
randomised, quasi-experimental study to estimate the causal
treatment effects of postoperative physiotherapy, including
deep breathing, cough, early mobilisation, and exercise using
a static bicycle and treadmill, found an overall reduction in
pulmonary morbidity [29]. The evidence presented in the
latter study has provoked recent discussion that specialised,
expert physiotherapy should continue to be included within
the postoperative protocols of thoracic surgery centres, but
that the exact way in which this is administered should be the
subject of further investigations [30]. The provision of post-
operative physiotherapy following thoracic surgery in the UK
corresponds to current European recommendations for the
routine provision of physiotherapy [31], and the belief of tho-
racic surgeons that the provision of physiotherapy following
thoracic surgery is beneficial [32]. Given the small amount of
high-quality evidence to date, physiotherapists have limited
evidence upon which to base their treatment interventions,
and further studies are warranted. With the general lack of
high-quality evidence at the time of administration of this
survey, and only a small proportion of respondents able to
name any relevant papers/articles, it is not surprising that per-
sonal experience was cited as an influential factor in guiding
postoperative practice at this time.

VATS is increasingly used for surgical access for lung
resection and, although its use remains limited to date, it
has been shown to result in a shorter length of stay, less
pain, reduced costs and lower complication profiles following
lung resection [33]. The present study found that provision
of physiotherapy following VATS was relatively widespread,
with many UK respondents reporting assessment and treat-
ment, particularly for high-risk patients. Reeve et  al.  [6]
found that almost all centres in Australia and New Zealand
routinely assess patients postoperatively following VATS;
however, to date, no research has been conducted to support
this practice. The present survey did not distinguish between
different surgical procedures being undertaken via VATS, and
it is possible that respondents reported their interventions for
all surgical procedures rather than lung resection via VATS

alone. Nonetheless, with the increasing use of lung resection
via VATS and no physiotherapeutic studies to date investi-
gating the impact of interventions in this specific population,
future studies are warranted.

Postdischarge  physiotherapeutic  management

Similar to the findings of Reeve et  al.  [6], the reported pro-
vision of physiotherapeutic interventions following discharge
from hospital in the UK is infrequent. This is surprising given
the small but increasing amount of evidence in this area. Since
the survey of Reeve et  al.  [6], three small non-randomised
studies have evaluated the safety and efficacy of postoper-
ative pulmonary rehabilitation in patients with lung cancer,
and found improvements in exercise capacity compared with
baseline [34–36]. This finding is of potential importance for
improving quality of life [37]. Further, larger randomised
studies investigating the effectiveness of pulmonary reha-
bilitation in improving clinical outcomes following thoracic
surgery are required.

Limitations

The limitations of this survey are similar to those noted by
Reeve et  al.  [6]. By sending questionnaires to a single phys-
iotherapist at each surgical unit, responses may have been
influenced by personal rather than institutional attitudes and
beliefs. Additionally, it is acknowledged that it is not known
whether or not the senior physiotherapist responded to the
survey as requested, and varying amounts of respondent expe-
rience may have affected the results. It is acknowledged that
provision of care may vary in clinical practice depending
upon the requirements of each individual patient’s clinical
condition, and thus the accuracy of routine care questions is
unknown. Finally, it is acknowledged that since administra-
tion of this survey, further studies have investigated the impact
of physiotherapy on patient outcomes [12,27–29,37]. Some
of these studies support the trends observed in current prac-
tice, but some may have impacted upon physiotherapeutic
practice since this survey was undertaken.

Conclusion

This study provides a guide for physiotherapists working
with patients undergoing thoracic surgery to use to compare
their current practices. In the UK, postoperative physiother-
apy is currently provided extensively to patients undergoing
open thoracotomy for lung surgery, with interventions such
as deep breathing, early mobilisation and shoulder exer-
cises being widely provided. The provision of pre-operative
physiotherapy is more variable and is mainly provided for
patients perceived to be at high risk. Despite the subsequent
publication of the previously mentioned pre- and postop-
erative pulmonary rehabilitation studies, UK physiotherapy
practice remained similar to that reported in Australia and
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New Zealand [6]. Further research in this field is nec-
essary, and should encompass the role of pre-operative
physiotherapy in preventing postoperative complications,
pre- and postoperative pulmonary rehabilitation, physiother-
apy in patients undergoing lung resection via VATS, and
the effectiveness of routine postoperative physiotherapeutic
management.
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