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Abstract

Objective: To evaluate the prevention of respiratory complications after abdominal surgery by a comparison of agloba policy of incentive
spirometry with aregimen consisting of deep breathing exercises for low risk patients and incentive spirometry plus physiotherapy for high risk
patients.

Design: Stratified randomised trial.

Setting: General surgical service of an urban teaching hospital.

Patients: 456 patients undergoing abdominal surgery. Patientsless than 60 years of age with an American Society of Anesthesiaclassification of 1
were considered to be at low risk.

Outcome measur es. Respiratory complications were defined asclinical features consistent with collapse or consolidation, a temperature above
38°C, plus either confirmatory chest radiology or positive results on sputum microbiology. We also recorded the time that staff devoted to
prophylactic respiratory therapy.

Results: There was good baseline equival ence between the groups. The incidence of respiratory complications was 15% (35/231) for patientsin the
incentive spirometry group and 12% (28/225) for patientsin the mixed therapy group (P=0.40; 95% confidenceinterval -3.6% to 9.0%). It required
similar amounts of staff time to provide incentive spirometry and deep breathing exercisesfor low risk patients. The inclusion of physiotherapy for
high risk patients, however, resulted in the utilisation of an extra30 minutes of staff time per patient.

Conclusions: When the use of resources is taken into account, the most efficient regimen of prophylaxis against respiratory complications after
abdominal surgery is deep breathing exercisesfor low risk patients and incentive spirometry for high risk patients.

Key messages
. Key messages
. Most postoperative respiratory complications were due to atel ectasis: less than 1% of the patients devel oped pneumonia

. An American Society of Anesthesia classification >1 and an age >/=60 years is a simple way of defining patients at high risk of
respiratory complications and other adverse events after abdominal surgery

. A regimen consisting of deep breathing exercises (low risk patients) and incentive spirometry (high risk patients) is an efficient
way of providing prophylaxis against respiratory complications after abdominal surgery

Introduction
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Chest therapy after surgery is directed towards maximal inspiration in an attempt to prevent overt atelectasis and allow for the early re-expansion of
collapsed alveoli. In aprevious clinical trial we demonstrated equivalence when we compared incentive spirometry with physiotherapy for patients
undergoing abdominal surgery.1 Adoption of incentive spirometry as a global method of prophylaxis, however, raises concerns that high risk
patients may be receiving inadequate treatment and that important resources are being wasted on low risk patients. The objective of thistrial wasto
eva uate the prevention of respiratory complications by comparing aglobal policy of incentive spirometry with aregimen consisting of deep
breathing exercises for low risk patients and incentive spirometry plus physiotherapy for high risk patients.

Patients and methods

We evaluated adults who underwent alaparotomy that included manipulation of viscera; patients who had elective operationsfor groin herniawere
not included. The study was approved by the ethics committees for Royal Perth Hospital and the University of Western Australia. Treatment
regimens were allocated at thetime of admission to hospital and were based on computer generated numbers. Sealed opaque envel opes were placed
within randomisation boxes on the wards. Entry of patients was monitored to ensure compliance with the randomisation procedure. Stratification
into the high risk category was based on either an American Society of Anesthesia (ASA) classification >1 or an age of 60 years and over; our
experience indicates that these criteriaidentify 88% of the patients who develop a respiratory complication after abdominal surgery.2

Putative risk factors were recorded to determine whether the groups were similar at baseline. The diagnosis of chronic bronchitiswas based on the
criteria of the Medical Research Council of the United Kingdom.3 Patients who had smoked within eight weeks of surgery were classified as
current smokers.4 The extent of intraperitoneal sepsis at the time of surgery was recorded on a five point scale--that is, nil, confined to viscera,
visceraplus free fluid, localised abscess, or free pus.2 Anaesthesiacharts were reviewed to determine the duration of anaesthesiaand the American
Society of Anesthesia classification.® In essence, the classification divides patients into five groups: healthy (class 1), mild to moderate systemic
disease (class 2), severe systemic disease (class 3), severe systemic disorders that are already life threatening (class 4), and moribund (class 5). The
site and length of the wound were recorded after surgery. The dosage of narcotics was expressed as the equivalent dose of pethidine.?

All forms of chest therapy were administered under the supervision of the attending clinicians and members of the department of physiotherapy.
Table 1 details the treatment groups. Patients randomised to receive deep breathing therapy were seen once and encouraged to take 10 deep breaths
each hour. Patients randomised to receive incentive spirometry were provided with alaminated information sheet and an Airx Incentive Spirometer
fitted with aone way valve (Airlife Inc, California). They were encouraged to use the incentive spirometer at least 10 times each hour by taking
slow maximal inspirations and holding each breath for as long as possible. Such patients were reviewed once during the postoperative period. High
risk patients in the mixed therapy group also underwent physiotherapy aimed at producing a maximal inspiratory effort at least once a day for the
first three days after surgery and thereafter at a rate decided on by the attending physiotherapist. The research nurse made an independent
assessment of each patient's compliance with chest therapy on a 100 mm visual linear analogue scale. On each visit the attending physi otherapist
completed a sheet detailing the duration and nature of the physiotherapy. When possible, patients started respiratory therapy before surgery.

Tabl e 1--The treatnment groups for exam nation of preventive
therapy for respiratory conplications after abdoni nal

operati on

Ri sk I ncentive spironetry group M xed t herapy group
Low ri sk I ncentive spironetry Deep breat hi ng exerci ses
H gh ri sk I ncentive spironetry I ncentive spironetry

pl us
conventi onal chest
physi ot her apy

To avoid inclusion of transitory subclinical events arespiratory complication was defined as the presence of clinical features consistent with
collapse or consolidation, plus an otherwise unexplained temperature above 38°C, and either positive findings on chest radiography or evidence of
infection from sputum microbiology. Respiratory emboli and respiratory oedema (both cardiogenic and non-cardiogenic) were not regarded as
respiratory complications for the purpose of this study. The presence of clinical signs was determined each day by the attending surgical staff.
Chest radiography was done on all patients suspected of having a respiratory complication. An abnormal result on chest radiography showed
atelectasis, collapse or consolidation, or pneumonic changes as judged by the attending radiologist. When a patient produced discol oured sputum
samples were sent for culture. Blood gas analyses were performed at the discretion of the attending clinicians and respiratory insufficiency was
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defined as a Pa02 <60 mm Hg. Decisions about the occurrence of arespiratory complication were independently checked by a clinician (JCH) who
was unaware of the nature of the respiratory therapy. We also eval uated some important non-respiratory outcome events with previously
established criteria.®

Theincidence of respiratory complications was predicted to be between 10% and 15%. An overall sample size of 430 patientswas estimated to be
necessary to detect an absolute 10% differencein the incidence of postoperative respiratory complicationsby use of atwo tailed comparison with a
probability of atypel error of 5% and a power of 70%.8 Data were entered onto Dbase 4 (Ashton-Tate, Torrance, California) and exported for
analysisto the Complete Statistical System (Statsoft, Tulsa, Oklahoma). Statistical analysis was based on intention to treat but did not include
patients who were randomised and did not subsequently undergo abdominal surgery. The proportions of patients with postoperative respiratory
complications in each group were compared by using atwo tailed x2 test, significance being defined as a probability of atype | error of lessthan
5%, and by declaration of the 95% confidence intervals.

Results

A total of 619 patients were considered for entry into the study. The reasons for exclusion of 143 patients from study were language problems (13),
respiratory complications already present (15), and lack of consent (115). In all but 14 patients lack of consent was because of insufficient timeto
discuss the study with the patient. In addition, 20 patients who were randomised but did not undergo abbdominal surgery were not included in the
analysis. All of the patients who underwent abdominal surgery were included in the analysis.

The groups were comparabl e with respect to putative risk factorsfor arespiratory complication (table 2). As might be expected, patients classified
as high risk according to age and criteriafrom the American Society of Anesthesiawere more likely to undergo major surgery, consume more
analgesics, and have cancer as the final diagnosis.

Tabl e 2--Characteristics of patients at baseline according to allocation of treatnent
groups to prevent respiratory
conplications after operation. Figures are nunbers (percentage) unless otherw se
st at ed
I ncentive spironetry
pl us conventi ona
I ncentive spironmetry

Deep breat hi ng I ncentive spironetry chest physi ot her apy
Characteristic --low risk (n=79) - -
| ow risk (n=76) --high risk (n=152) --high risk (n=149)
Mal e:fermale ratio 34: 45
34: 42 70: 82 71:78
Medi an (interquartile range) age (years) 38 (29-44)
34 (29-43) 68 (62-76) 67 (58-76)
Conor bidity
Ameri can Soci ety of Anesthesia classification:

1 79 (100)
76 (100) 0 (0) 0 (0)

2 0 (0)
0 (0) 94 (62) 87 (58)

3 0 (0)
0 (0) 50 (33) 50 (34)

4 0 (0)
0 (0) 8 (5) 12 (8)
Cancer 4 (5)
6 (8) 53 (35) 56 (38)
Current snoker 25 (32)
28 (37) 26 (17) 25 (17)

file:///X|/Ond/Klepid/Cochrane/ENDNOTE/PEDRO/hall%201996.htm (3 of 10) [16-09-2004 10:19:27]


http://bmj.bmjjournals.com/cgi/content/full/312/7024/148#R5
http://bmj.bmjjournals.com/cgi/content/full/312/7024/148#R8
http://bmj.bmjjournals.com/cgi/content/full/312/7024/148#T2

Prevention of respiratory complications after abdominal surgery: arandomised clinical trial -- Hall et al. 312 (7024): 148 -- BMJ

Chroni c bronchitis 0 (0)
0 (0) 3 (2) 5 (3)
Sur gery
Median (interquartile range) duration (m nutes) 90 (60-120)
90 (60-120) 105 (75-150) 120 (75-150)
Pr ocedur e:

Hepat obi l i ary 22 (28)
27 (36) 39 (26) 36 (24)

Col or ect al 8 (10)
10 (13) 49 (32) 55 (37)

Appendi cect ony 14 (18)
11 (15) 3 (2) 1 (1)

Gast r oduodenal 2 (30)
3 (4) 16 (11) 11 (7)

Chol ecyst ect ony 24 (30)
21 (28) 19 (13) 23 (15)

O her | apar ot ony 8 (10)
3 (4) 22 (15) 17 (11)

Smal | bowel 1 (1)
1 (1) 4 (3) 6 (4)
I ntraperitoneal infection

Ni | 69 (87)
66 (87) 135 (89) 142 (95)

Vi scera only 1 (1)
6 (8) 5 (3) 1 (1)

Free fluid 6 (8)
2 (3) 3 (2) 2 (1)

Free pus 2 (3)
1 (1) 5 (3) 3 (2)

Abscess 1 (1)
1 (1) 4 (3) 1 (1)
Site of incision:

Verti cal 54 (68)
50 (66) 60 (40) 66 (44)

Transver se/ obl i que: 25 (32)
26 (34) 92 (60) 83 (56)
Medi an (interquartile) length of incision (cm 11 (4-15)
12 (5-15) 15 (12-18) 14 (10-18)
Nasogastri c tube 16 (20)
13 (17) 56 (37) 58 (39)
Reoper ati on 3 (4)
2 (3) 7 (5) 8 (5)
Peri operati ve anal gesi a
I ntraoperative | ocal anal gesia 3 (4)
5 (7) 1 (1) 5 (3)
Epi dur al 5 (6)
3 (4) 27 (18) 32 (22)
Narcoti c infusion 12 (15)
14 (18) 65 (43) 61 (41)
Median (interquartile range) dose of total narcotics 1021
973 1050 1122

(mg pet hi di ne equi val ents per patient receiving

nar coti cs) (200-1166)
(150- 1430) (200- 1320) (190- 1275)
Therapy with non-specific anti-inflammatory drugs 23 (29)
18 (24) 25 (16) 20 (13)

Table 3 summarises various outcome events. The overall incidence of respiratory complications was 13.8% (63/456); and 78% (49/63) of them
occurred in patients classified as high risk. We did not observe any clinically or statistically significant differences between the groups under study--
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that is, the incidence of respiratory complications was 15.2% (35/231) for the incentive spirometry group and 12.4% (28/225) for the mixed therapy
group. No patient died as adirect result of arespiratory complication.

Tabl e 3--1nci dence of outcone events in patients undergoi ng operati on according to
al l ocation of treatment for
prevention of respiratory conplications. Figures are nunbers (percentage) unless
ot herwi se stated
I ncentive spironmetry
pl us conventi ona
I ncentive spironmetry

Deep br eat hi ng I ncentive spironetry chest physi ot her apy
Qut come event --low risk (n=79) --
| ow risk (n=76) --high risk (n=152) --high risk (n=149)
Post operati ve respiratory conplications* 6 (8)
8 (11) 29 (19) 20 (13)
Sput um

Sput um sanpl es 2 (3)
5 (7) 12 (8) 10 (7)

Positi ve mi crobi ol ogy 0 (0)
0 (0) 3 (2) 1 (1)
Chest radi ogr aph:

No chest radi ograph 61 (77)
54 (71) 83 (55) 71 (48)

Normal results 12 (15)
14 (18) 38 (25) 59 (40)

Segnent al atel ectasis 5 (6)
8 (10) 22 (15) 19 (13)

Lobar atel ectasis 0 (0)
0 (0) 3 (2) 0 (0)

Wiol e ung atel ectasis 1 (1)
0 (0) 0 (0) 0 (0)

Pneunoni a 0 (0)
0 (0) 4 (3) 0 (0)

Aspiration 0 (0)
0 (0) 2 (1) 0 (0)
Respiratory failure:

Bl ood gases perforned 2 (3)
2 (3) 13 (9) 15 (10)

Respiratory insufficiency 1 (1)
0 (0) 3 (2) 5 (3)
Addi tional therapy:

Nebul i ser 0 (0)
1 (1) 20 (13) 18 (12)

Anti biotics 3 (4)
2 (3) 12 (8) 9 (6)

Endot racheal intubation 1 (1)
1 (1) 2 (1) 3 (2)

Tr acheot ony 0 (0)
0 (0) 0 (0) 1 (1)

Constant positive airways pressure 0 (0)
1 (1) 3 (2) 3 (2
Non-respiratory:

Wound i nfection 1 (1)
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3 (4) 9 (6) 9 (6)

I ntraperitoneal infection 3 (4)
1 (1) 4 (3) 4 (3)

I nt ensi ve care adm ssi on 0 (0)
1 (1) 3 (2) 5 (3)

Medi an (interquartile range) |ength of

post operative stay (days) 5 (3-8)

5 (3-8) 9 (6-12) 9 (7-14)
Deat h 0 (0)
1 (1) 7 (15) 3 (2)

*I ncentive spironetry group v mxed therapy group (deep breathing plus incentive
spi ronet ry/ conventi onal chest physi ot herapy) - - ¥2=0. 70;

P=0. 40; 95% confidence interval -3.6%to 9. 0%

I ncentive spirometry (low risk) v deep breathing--x2=0.41; P=0.53; -11.7%to 5. 9%
Incentive spironetry (high risk) v incentive spironetry/conventional chest

physi ot her apy--x2=1.77; P=0.18; -2.6%to 14.0%

The administration of incentive spirometry to low risk patients occupied about the same staff time as did the supervision of deep breathing
exercises (table 4). For high risk patients the addition of conventional chest physiotherapy occupied an additional 30 minutes of staff time per
patient.

Tabl e 4--Use of therapy to prevent
are nedians (interquartile range)

respiratory conplications after operation. Figures

I ncentive spironetry

pl us conventi onal
I ncentive spironetry
chest physi ot her apy
Det ai | --low risk (n=79) --
| ow ri sk (n=76) --high risk (n=152) --high risk (n=149)

Deep br eat hi ng I ncentive spironetry

Conpl i ance with therapy (mmon visual |inear
anal ogue scal e) 75 (70.80)
70 (65-80) 60 (50-70) 60 (50-70)
Ti me spent with a physi ot herapi st (nin) 17 (10-30)
15 (10-24) 25 (15-40) 55 (30-90)
Discussion

All patients have some impairment of respiratory function after abdominal surgery. Areas of microatelectasis devel op during anaesthesia and grow
in the presence of the shallow monotonous ventilation and reduced mucociliary clearance that accompanies postoperative somnolence.2 10 These
changes occur even in the presence of good analgesia. By way of explanation, Ford et al11 have emphasised that anaesthesiainduces "a shift in
respiratory pump activity from the diaphragm to other muscles.” Thistemporary dysfunction of the diaphragm after abdominal surgery helpsto
explain the affinity of atelectasis for the bases of the lungs.12

There are concerns that some forms of physiotherapy are inappropriate prophylaxis. In arecent comprehensive review Stiller and Munday

remarked that "there has been little conclusive research into the ability of chest physiotherapy to achieve its primary aimsof improving the
distribution of ventilation and increasing clearance of secretionsin surgical patients."13 |t has also been suggested that physiotherapy may cause
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bronchospasm and short term hypoxaemia and that percussion or vibration with postural drainage should be reserved for conditions that are
characterised by excessive sputum production.14

Itisnow believed that prophylaxis against postoperative respiratory complicationsis optimal when it is based on techniques that promote a
maximal inspiratory effort. Frequent episodes of maximal inspiratory therapy, however, do not always prevent progression from microatelectasis to
overt atelectasis within the bases of the lungs. In a previous clinical trial we found equivalent results when comparing chest physiotherapy, based
mainly oninspiratory techniques, with incentive spirometry.1 The overall incidence of respiratory complications was 15.5%, which suggests that
neither form of treatment can completely overcome the problems associated with a"floppy" diaphragm. Chuter et al have presented suggestive
evidence that deep breathing manoeuvres, rather than incentive spirometry, best increase diaphragmatic movement after surgery.15 16 The precise
way that incentive spirometers are used, however, is aso an important consideration. It may be advantageous to do as we did and promote breath
holding through the use of a one way valve.1?

The need for prophylactic chest therapy for patients at low risk of postoperative respiratory complications is contentious. Celli et al compared ano
treatment control group with intermittent positive pressure breathing, deep breathing exercises, and incentive spirometry in 172 patients undergoing
elective surgery.18 Therewere similar benefits for each of the control groups. Another study reported that deep breathing exercises were better than
no treatment in patients undergoing elective upper abdominal surgery.19 On the other hand, a small study by Schweiger et al suggested that healthy
patients did not benefit from incentive spirometry after elective open cholecystectomy.20 Hence, the balance of evidence suggests that any form of
maximal inspiratory therapy is better than nothing, yet no particular regimen has clear superiority. Our study confirms that deep breathing exercises
provide reasonable prophylaxis for low risk patients and that incentive spirometry alone is adequate prophylaxis for highrisk patients. The latter
finding is particularly important as previous studies have failed to evaluate the effects of providing both physiotherapy and incentive spirometry,
when in fact such combined therapy is often provided in practice for patientswho are thought to be at high risk for postoperative respiratory
complications. It should be noted that our declared statistics are fairly conservative: concentration on atel ectasis as the outcome event, with the
exclusion of patients with pneumoniaor overt aspiration, would have resulted in a 29/231 (12.6%) versus 28/225 (12.4%) comparison if we
compared the incentive spirometry group with the mixed therapy group.

Thistrial aso demonstrates that an American Society of Anesthesiaclassification >1 and an age >/=60 years are helpful indicators of the risk of
postoperative respiratory complications. Such criteria, as well asbeing useful in clinical research, may play apart in clinical programmes of
perioperative respiratory therapy such as those advocated by Levy et al2l and Torrington et al .22

Our results also carry implications about the efficient use of resources. One of the benefits of adopting |ess time consuming forms of routine
prophylaxis might be the diversion of resourcestowards those with existing respiratory problems. In a previous study we found that conventional
chest physiotherapy cost $A12.19 per patient.23 A similar cost accrued when incentive spirometerswere put to use and each unit recycled on
average 2.3 times. That seemsto be an easy task as we were recycling the unitson average 4.7 times in the absence of any specific policy. We
conclude that the most efficient form of prophylactic chest therapy for patients undergoing abdominal surgery includes deep breathing exercises for
low risk patients and incentive spirometry for high risk patients. In this context there is no longer arequirement on surgical wards for more
intensive forms of chest physiotherapy. This information provides a platform for therational use of services aimed at preventing postoperative
respiratory complications. It will enable physiotherapists to spend a greater proportion of their time treating patients with established respiratory
problems.

Funding: National Health and Medical Research Council of Australia
Conflict of interest: None.
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