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a b s t r a c t

Background: Midline laparotomy is an unavoidable approach to many surgical procedures.

Many surgeons prescript the use of postoperative abdominal binder during the first

mobilization after surgery. The use and the cost effective of this device is still debated by

many surgeons.

Methods: PubMed, EMBASE and the CENTRAL were systematically searched for randomized

controlled trials (RCT) comparing patients who wore abdominal binder (“binder”) and pa-

tient who did not wear any abdominal binder (“non-binder”) up to March 2020. The primary

outcomes measured in the comparison were postoperative pain, pulmonary functions, the

entity of physical activity, the comfort. A meta-analysis of relevant studies was performed

using RevMan 5.3.

Results: wearing an abdominal binder after midline laparotomy seems to reduce post-

operative pain on first and third postoperative day, to improve the physical activity on third

postoperative day, and not affect pulmonary functions. Generally, an elastic abdominal

binder is well tolerated during postoperative.

Conclusions: the use of elastic abdominal binder permits a comfortable early postoperative

mobilization reducing pain, increases physical activity and seems to not affect pulmonary

functions.

© 2020 Royal College of Surgeons of Edinburgh (Scottish charity number SC005317) and

Royal College of Surgeons in Ireland. Published by Elsevier Ltd. All rights reserved.
Introduction

In the era of minimally invasive surgery, midline laparotomy

remains an unavoidable approach to many surgical proced-

ures, also in elective settings. It is well known that lapa-

rotomic procedures are burdened with higher postoperative

pain, discomfort, and morbidity rate than minimally invasive

approaches.

In order to relieve postoperative pain during mobilization,

deep breath or cough, many surgeons prescribe an abdominal

binder. This device is a wide belt, applied on the abdomen,
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with the purpose of generate a constant pressure and support

the incision. The pressure on the midline incision should

reduce the tissue edema and should decrease wound dehis-

cence rate.1

Actually, there is neither a specific protocol to use this

device nor absolute evidences are reported. The prescription

of postoperative binder remains an heritage transmitted by

surgery schools in order to prevent early abdominal wall

complications: in West countries elastic binder are preferred,

in Asia, instead, non-elastic ones are more common for the

belief of a better incisional support. No evidence supporting

these theories are now available.1
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Given the contradictory literature we performed a meta-

analysis of randomized controlled trials (RCTs) with the aim

of evaluate the results of dressing the abdominal binder after

midline laparotomy in elective settings.
Materials and methods

PRISMA (Preferred Reporting Items for Systematic reviews and

Meta-Analyses)2 guidelines were followed in order to identify

RCTs comparing patient wearing abdominal binder (“binder”)
Fig. 1 e Risk of bias of
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versus patient who did not wear any abdominal binder (“non-

binder”) in postoperative period. A search protocol was

developed before data collection. The Literature was reviewed

up to March 2020. The PubMed/MEDLINE, EMBASE and CEN-

TRAL electronic databases3 were utilized with a combination

of the following search words: “abdominal binder” or “post-

operative binder” or “abdominal girdle” or “postoperative

abdominal girdle”. All articles dealing with a comparison be-

tween the use or not of abdominal binder in the postoperative

were considered eligible. Full-text papers considered for in-

clusionwere appraised and the relative referenceswere hand-
included studies.
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searched to find additional, eligible works. Potentially

includable studies were investigated and eventually included

in the analysis if: were in the English language, were RCT with

a comparison between binder versus non-binder was present;

were adult patients underwent elective surgery via a midline

laparotomy. Emergency interventions, laparoscopic/robotic

procedures have been excluded. All disagreements concern-

ing inclusion of studies were solved by consensus among all

authors. According to the pre-established pattern the

retrieved data were: study design, demographics character-

istics such as age, body mass index (BMI), number of patients

in each group, type of surgical procedure, randomization and

blinding, indication for surgery, length of anesthesia, length of

the incision, POstoperative Pain (POP) scores, 6 Minutes

Walking Test (6MWT), Forced Expiratory Volume measuring

during the first second (FEV1), Forced Vital Capacity (FVC),

patient comfort wearing the binder, Length Of Stay (LOS). The

POP, FEV1, FVC, and comfort were considered as main out-

comes measures.

POP has been quantified with the visual analogue scale

(VAS) in all studies,4e8 associated or not with the main

amount of pain medication used.

The degree of comfort is calculated with a scale ideated by

Fagevik et al.7: the level of comfort ranged between “uncom-

fortable”, “slightly comfortable”, “satisfactory”, “comfortable”,

and “very comfortable”. For each item Fagevik et al.7 assigned

a score varying from 0 for “uncomfortable”, to 5 for “very

comfortable”; in Arici et al.4 series, the score ranged from 1 for

“uncomfortable”, to 4 for “very comfortable”.

During the 6MWT was reported the distance, in meters, at

the maximum speed which a patient could walk for 6 min.

Intra-abdominal pressure (IAP) was evaluated measuring

the height of the urine column above the abdominal wall

when the patient was in supine position. The data were

collected only for the patients underwent epidural anesthesia

and were registered on daily basis.
Risk of bias

Themethodological quality of all included studies is evaluated

with the second version of the Cochrane risk-of-bias tool for

randomized trials (RoB 2) (Fig. 1).9

Statistical analysis

Data were reported in descriptive statistics. Meta-analysis

was performed using Review Manager 5.3 (Cochrane Collab-

oration, Oxford, England). Estimated effect measures were

calculated for event-related outcomes as odds ratio (OR) and

reported with 95% confidence interval (CI). Standard mean

differences with a 95% confidence interval (95% CI) by calcu-

lating random effect measures were used to analyze contin-

uous variables presented in different scales. If RCTs reported

medians and ranges instead of means and standard de-

viations we converted them by using the method recently

published by Hozo et al.10 The Z-test for overall effect and

relative two-sided p-value were assessed. The statistical sig-

nificance was set at the 0.05 probability value.
Please cite this article as: Ossola P et al., Evidence on postoperative
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Studies selection

The first electronic search gave 1995 records. After the anal-

ysis of abstracts, full-texts and references, potentially relevant

papers were identified and finally 5 studies,4e8 including a

total of 281 patients, met the inclusion criteria and have been

incorporated in our review (Fig. 2).

Characteristics of studies

The studies have been run in West countries: 3 (60%) in

Europe,4,6,7 1 in the United States of America (USA)8 and 1 in

Canada.5

Demographic findings

Demographic characteristics were summarized in Table 1.

Mean age ranged between 57 and 65 years for Binder group

and between 57.3 and 63 years for non-binder group (data

from 4 studies,4,5,7,8 235 patients), with no statistical differ-

ences (p ¼ 0.30).

Binder patients had a lower mean BMI (varying between

22.9 and 27.54 kg/m2) than non-binder patients (mean BMI

varied between 25.6 and 28 kg/m2) (p ¼ 0.01): these results

were available for 181 patients from 3 studies.4,5,7

All procedures were performed in elective settings. The

indication for surgery was reported in two series4,5: 57 (50.4%)

patients underwent oncological procedures, while 56 (49.6%)

patients have been submitted to not-oncological surgery.

The length of anesthesia (LOA) was reported in 3

studies4,5,7 for a total of 181 patients: LOA was shorter in

binder group (mean LOA ranged between 239 and 276 min in

binder group versus 258e311.4 min in non-binder group)

(p ¼ 0.01).

Details on the length of the abdominal incision were re-

ported in 2 studies4,8 (138 patients) and varied between 14 and

20.6 cm in binder group and 17e19 cm in non-binder group,

with no statistical differences (p ¼ 0.9).

Clay et al.6 reported a mean value of 14.7 (±5.8) cm H2O in

IAP for 8 binder patients and of 11.9 (±5.5) cmH2O in IAP for 10

non-binder patients, with no statistical differences (p ¼ 0.3)

The Length of stay (LOS) was reported in 3 studies5,7,8 for a

total of 151 patients: the mean LOS ranged between 3.87 and

10.1 days in binder group and 3.67e14 days in non-binder

group, with no statistical differences (p ¼ 0.55).

Outcomes evaluation

Postoperative pain
Data on POP were reported in all studies4e8 for a total of 281

patients; however, Larson et al.8 did not report the standard

deviation of their results, and so the study was not considered

for this item.

POP results were available for all study for the I post-

operative day, for three study for the III and the V post-

operative day5e7 (Fig. 3).
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Fig. 2 e PRISMA flow-chart for included studies.
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POPwas lower in binder group on the I (p¼ 0.01) and on the

V (p < 0.01) postoperative day; no statistical differences were

noted on the third postoperative day.

6MWT

6MWT was reported in 2 studies4,5 for a total of 144 patients;

the test was registered preoperatively in all study, Arici et al.4

reported also on first, on IV and on VII postoperative day, with

a significant difference on the IV postoperative day in favour
Table 1 e Demographic characteristics of included studies.

Author, year Origin Binder, n Non-binder, n Age,a me

Binder N

Arici, 20164 Turkey 42 42 58.5 (±14.1)
Cheifetz, 20085 Canada 30 30 57.5 (±16.8)
Clay, 20146 Sweden 21 25 n.a.

Fagevik, 20097 Sweden 18 19 65 (±11)
Larson, 20098 USA 29 25 61 (±19)

n.a., not available.
a Reported in years.
b Reported in Kg/m.2.
c Length of incision reported in cm.

Please cite this article as: Ossola P et al., Evidence on postoperative
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of binder group (p < 0.01). Cheifetz et al.5 analyzed results on

the third and fifth postoperative day, with a statistical differ-

ence on the V postoperative day (p ¼ 0.01) (Fig. 4).

Respiratory assessment

FEV1

FEV1 was determined in four studies,4e7 for a total of 225 pa-

tients. Clay et al.6 reported incomplete data and was excluded

from our analysis. FEV1 was measured in four studies4e7
an (SD) BMI,b mean (SD) LOI,c mean (SD)

on-binder Binder Non-binder Binder Non-binder

57.3 (±17.6) 27.5 (±4.1) 27.8 (±4.4) 20.6 (±4.9) 19 (±3.7)
59 (±18.4) 26 (±4.1) 28 (±5) n.a. n.a.

n.a n.a n.a n.a n.a

63 (±14) 22.9 (±3) 25.6 (±3) n.a. n.a.

59 (±14) n.a. n.a. 14 (±5) 18.3 (±6.9)
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Fig. 3 e POP during the I and V postoperative days.
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preoperatively, Arici et al.4 also on the first, on the fourth and

on the seventh postoperative day, with no statistical differ-

ences. Cheifetz et al.5 and Fagevik et al.7 analyzed results

preoperatively, on the third and on the fifth postoperative day.

No statistical differences were noted in preoperative FEV1

(p ¼ 0.96), neither on the first (p ¼ 0.37), on the third (p ¼ 0.86)

and on the fifth (p ¼ 0.74) postoperative day, analyzing all

studies.

FVC
FVC was determined in four studies,4e7 for a total of 225 pa-

tients. Clay et al.6 was excluded from our analysis for not

completed data available. FEV1 was measured in four stud-

ies4e7 preoperatively, Arici et al.4 also on the first, on the
Fig. 4 e 6MWT findings durin
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fourth (p ¼ 0.40) and on seventh (p ¼ 0.7) postoperative day,

with no statistical differences. Cheifetz et al.5 and Fagevik

et al.7 analyzed results preoperatively, on the third and on the

fifth postoperative day. No statistical differences were noted

in preoperative FVC (p¼ 0.39), neither on the first (p¼ 0.29), on

the third (p ¼ 0.25) and on the fifth (p ¼ 0.8) postoperative day,

analyzing all studies.

Comfort

The degree of binder comfort was reported in 2 studies4,7 for a

total of 60 patients.

Fagevik et al.7 reported the patients’ comfort as median

value and ranged on the first, the third and the fifth
g postoperative period.
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Table 2 e Degree of postoperative comfort in binder
patients reported by Arici et al.4

POD 1 POD 4 POD 7

n % n % n %

Uncomfortable e e e e e e

Slightly uncomfortable e e e e e e

Satisfactory 1 2.4 e e e e

Comfortable 8 19 6 14.3 4 9.5

Very comfortable 33 78.6 36 85.7 38 90.5

t h e s u r g e on x x x ( x x x x ) x x x6
postoperative day. On the first postoperative day the comfort

was estimated as 4 (range 2e5) or “very comfortable”, on the

third postoperative day as 4 (range 0e5), on the fifth post-

operative day as 3 (0e5) or “comfortable”.

Arici et al.4 reported results on the first, the fourth and on

the seventh postoperative day that are summarized in Table 2.
Discussion

The use of postoperative abdominal binder is not well enco-

ded, but is often applied after major surgery. The aim of our

study is to evaluate the benefits in wearing a binder after a

midline laparotomy.

Even some reviews have been published in the past,11e13

this is the first meta-analysis conducted to compare RCTs on

this topic.

Bouvier et al.11 has submitted to 50 French surgeons,

working in different Surgical Departments, a questionnaire

about the habit to prescribe abdominal binder after surgical

procedures. In this interview resulted that 94% of the surgeons

were apt to prescribe the binder, and the reasons were to

avoid parietal complications (31.9%), for the patient's comfort

(14.9%), and for both the reasons (51.1%). Another interesting

finding was the length of the prescription that in large part

(48.9%) was for 1 months after surgery.

Pain is an extremely subjective sensation with emotional,

physical, biological, and cultural implications: for these

characteristics POP is difficult to quantify objectively.14

Furthermore in some cases POP is not evaluable (i.e. uncon-

scious patients). The management of POP is vital: in fact, POP

is well recognized to alter the metabolic response to surgical

damage, principally increasing the sympathetic response.

This reaction lead to augmented oxygen demand and vaso-

constriction, hemodynamical alterations that affect organs

functions and could delay the recovery.14 Many pain assess-

ments are available, but themost useful, in case of acute pain,

is by interviewing the patient. The VAS scale (reported in all

RCTs analyzed in this paper) and the numerical rating scale

(NRS) are the most used, but at the same time, the risk of bias

is elevated. Another system to quantify pain level is the

dosage of anti-pain drugs that patients need. More objectively,

acute pain could be identified indirectly by the variation of

heart rate, respiration rate, blood pressure, and behavior or

cognitive status. Furthermore, blood levels of stress induced

hormones, like cortisol, could be used to determinate a painful

situation. In this meta-analysis, the pain assessment is eval-

uatedwith the use of VAS. The use of abdominal binder seems
Please cite this article as: Ossola P et al., Evidence on postoperative
randomized controlled trials, The Surgeon, https://doi.org/10.1016/j.s
to reduce POP.1,15 We reported a significative pain reduction

on the first and on the fifth postoperative day in binder group:

this device should be not considered as a replacement of pain

therapy, but should be associated to anti-pain drugs to

improve postoperative rest. Heterogeneity in reporting in

postoperative protocol for POPwas noted. Arici et al.4 reported

a postoperative protocol for POP management until IV POD,

using meperidine on the I POD and in case of VAS > 7, and

dexketoprofen trometamol during the II and III POD. In the

series of Fagevik et al.,7 all patients underwent epidural

anesthesia, as the most patients reported by Clay et al.6 and

Larson et al.8 did not report any pain protocol in their papers.

6MWT was considered one of the most used tools to

measure physical functions in research studies and in clinical

settings.16 In our series 2 studies4,5 reported their results on

physical functions: the 6MWT was performed before surgery

for a baseline data, Arici et al.4 registered the test also on the

first, the fourth and the seventh postoperative day, Cheifetz at

al5 on the third and the fifth postoperative day. The overall

results indicated that binder group walked for a longer dis-

tance compared to the non-binder, during the fourth and the

fifth postoperative day. It is well known that a rapid mobili-

zation out of the bed prevents postoperative complications as

pneumonia and venous thromboembolism.

Regarding the degree of comfort, 2 studies4,7 reported that

the binder is well tolerated, and patients had positive feed-

back measured with the “Fagevik comfort scale”.7

We reviewed the Literature to evaluate the modifications

on pulmonary function wearing an abdominal binder after

surgery. The respiratory physiology is dominated by a

restrictive deficit with a severe (50e60%) reduction in vital

capacity and a reduction (20e30%) also in FVC.5 It is thought

that wearing a postoperative binder, increasing the abdominal

pressure, should impair the respiratory function, already

affected from the restrictive postoperative deficit. From our

results of FEV1 and FVC on the first, third, fourth, fifth and

seventh postoperative day, no statistical differences between

the two groups (binder vs non-binder) were identifiable.

A limitation in the use of abdominal binder was the

thinking that the reduction in the abdominal compliance, for

the pressure of the binder, could lead to an increase of IAP

until determinate an iatrogenic abdominal compartment

syndrome. However, we reported the results of Clay et al.6 in

which no differences between the two groups (binder vs non-

binder) were noted.

Bouvier et al.11 reported a mean cost of a postoperative

abdominal binder as 110 V; however, no one of the RCTs

analyzed this topic. By web search, the cost of the abdominal

binder could range from about 15 V to 80 V depending on

quality of material and the vendor.

No data on obese (BMI > 30 kg/m2) patients are reported in

the reviewed studies. Obesity determined high morbidity rate

with cardiac and renal failure, obstructive pulmonary disor-

der; surgical site infection rate results higher in obese patients

principally for the lower subcutaneous blood perfusion with

relative local hypoxemia and suboptimal antibiotics

concentration.16

This condition could lead to an abdominal wall dehiscence,

but further studies are necessary to identify the impact of the

abdominal binder in obese patients. In the Enhanced Recovery
abdominal binding: A systematic review with meta-analysis of
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After Surgery (ERAS) program is planned an earlymobilization

after surgery: particularly on the first, second and third post-

operative day. This protocol aimed to reduced postoperative

complications (i.e. postoperative pneumonia, reduction of

skeletal muscles mass, thromboembolic complications).17,18

So, the use of an abdominal binder, reducing the POP on I

and V postoperative day, should improve the early mobiliza-

tion in patients undergone a midline laparotomy.

This study presents some limitations: 1. the number of

RCTs is limited, 2. the sample is small, 3. studies are heter-

ogenous for the surgical procedures, and for pain therapy, 4.

no one study reported result about seroma formation, post-

operative eventratio or short/long term incisional hernia rate

between the two groups.
Conclusion

In conclusion the use of elastic abdominal binder during

postoperative mobilization is well tolerated, reduces pain,

increases physical activity, and seems to not affect pulmonary

functions, in elective settings.

The born of specific protocol and a short preoperative

training on the use and the wearing technique of this medical

device, could be necessary to reach all benefits in the use of

abdominal binder.

Further RCTs are necessary to investigate long term

complication as seroma or incisional hernia, associated to a

cost-effectiveness analysis.
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