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Abstract

Beta antagonist is one of the most effective and the least toxic pharmacological
treatments to attenuate the raised catecholamine effects for burned patients.
To evaluate the effectiveness and safety of beta blocker compared with placebo
or usual care in burned patients, a meta-analysis of randomised controlled tri-
als (RCTs) was conducted. We searched the database of PubMed, Embase, the
Cochrane Library, and Web of Science to 10 April 2020. Two investigators
independently assessed articles for inclusion and exclusion criteria and
selected studies for the final analysis. We performed the meta-analysis using a
random-effect model. A total of 12 RCTs were included in the study, including
1887 patients. Propranolol-treated patients have a decrease in length of hospi-
tal stay in adults (weighted mean difference [WMD] = -9.06, 95%
CIs = [-12.88, —5.24]) and prepare time of graft (WMD = -7.88, 95%
CIs = [-12.27, —3.50]). Similarly, the use of propranolol could significantly
decrease heart rate (WMD = —15.16, 95% CIs = [—-20.37, —9.94]), rate pressure
product (WMD = —1.32, 95% CIs = [-1.67, —0.97]), and mean arterial pressure
(WMD = -2.75, 95% CIs = [-4.23, —1.26]). Moreover, there is no significant
difference between propranolol and placebo with respect to mortality (risk dif-
ference [RD] = 0.00, 95% CIs [—0.03, 0.04]), sepsis (RD = —0.03, 95% CIs
[-0.09, 0.03]), and events of post-traumatic stress disorder (PTSD) and acute
stress disorder (RD = —0.01, 95% CIs [—0.07, 0.05]), and also, there is no signif-
icant difference in subgroup analysis based on age. The use of beta antagonist
in burned patients does reduce length of hospital stay in adults, shorten the
preparation time for graft, and reduce heart burden, without increasing mor-
tality, sepsis, or PTSD compared with those who had usual care or placebo. So
beta antagonist can be considered as an appropriate treatment strategy in bur-
ned patients. More prospective, randomised-controlled, multi-centre studies
were needed to define their place in therapeutic algorithms.
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1 | INTRODUCTION

Burn injury is an important cause of morbidity and mortality
worldwide. According to the World Health Organization, in
2004, approximately 180 000 people died of burn injury, and
the number of burn patients requiring medical treatment
came up to 11 million."! Due to significant advances in thera-
peutic strategies, such as enhancing wound coverage, appro-
priate infection control, and advanced surgical approaches,
the prognosis of severely burned patients has been greatly
improved.l’2 However, in an Australia cohort, the all-cause
mortality rate of burned patient was still 1.4 times higher
than that of no burned injuries (95% CI: 1.3-1.5).

After being burned, the whole body is shifted into
hypermetabolism and catabolism state>* due to the
release of a large number of catecholamines.” This will
result in increased resting energy expenditure, rapid mus-
cle loss, and high incidence rates of depression, anxiety,
and post-traumatic stress disorder (PTSD),%’ thus
delaying the recovery process of burn patients, which is
one of the main reasons for poor recovery.* To our best
knowledge, beta antagonist is one of the most effective
and least toxic pharmacological treatments to attenuate
the raised catecholamine effects.* Some experiments have
shown that long-term use of beta antagonists in burn
patients might lessen cardiac workload and fat infiltra-
tion of the liver, and the latter pathological change also
stimulates the process of catabolism condition.*® How-
ever, Nunez’ et al synthesised the relevant researches
and indicated that the mortality and sepsis of burn
patients treated with propranolol were not significantly
different from the control group, and there was also
insufficient evidence to prove that the use of propranolol
could reduce the length of hospital stay among burned
patients. More and more randomised controlled trials
(RCTs)'?! have been published in recent years. We per-
formed a meta-analysis with the updated data, hoping to
provide more evidence to evaluate the effectiveness and
safety of using beta blocker in burned patients.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

Our systematic review and meta-analysis were performed
in accordance with the Cochrane systematic review
handbook (http://handbook.cochrane.org.) to ensure the
quality of this study. Literature screening, quality evalua-
tion, and data extraction were performed independently
by two reviewers. The PROSPERO registration number is
CRD42019123710.

Key Messages

« beta antagonist could be considered as an
appropriate treatment strategy in burned
patients, which is one of the most effective and
the least toxic pharmacological treatments

« this meta-analysis of randomised controlled tri-
als was conducted to evaluate the effectiveness
and safety of using beta blocker in burned
patients

« our study indicates that the use of beta antago-
nist in burned patients does reduce length of
hospital stay in adults, shorten the preparation
time for graft, and reduce heart burden, with-
out increasing mortality, sepsis, or PTSD com-
pared with those who had usual care or
placebo

2.2 | Search methods

Two reviewers independently conducted a literature sea-
rch of PubMed, Embase, the Cochrane Library, and Web
of Science (last updated to 10 April 2020) on the use of
search terms including burn* and beta antagonist* with
appropriate synonyms (such as beta block*, atenolol, bis-
oprolol, carvedilol, metoprolol, propranolol, and other
synonyms). There is no language restriction in search
process (Table S1).

2.3 | Inclusion criteria

Any RCT that fulfilled the following inclusion criteria
would be included in our meta-analysis. (a) Participants
(P): the literature that reported the percentage of wounds
covering area of the total body surface area (TBSA).
(b) Interventions (I) and Comparisons (C): RCTs com-
pared beta antagonist with standard treatment or pla-
cebo. (c) Outcomes (O): results of studies included any of
the following information: mortality rate, sepsis, length
of hospital stay, PTSD, time ready for graft, cardiac func-
tion index (heart rate [HR], cardiac index [CI], rate pres-
sure product [RPP], mean arterial pressure [MAP]), fat
metabolism, protein metabolism, and resting energy
expenditure. Reviews, case reports, conference abstracts,
animal experiments, in vitro studies, and studies without
randomisation for treatment allocation or studies without
usable data were excluded.
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The eligibility of each study was evaluated by two
reviewers based on the title, abstract and full text. Any
disagreement would be resolved through discussion
and negotiation. If some differences still existed, the
third reviewer would be asked to make the final
judgement.

2.4 | Data collection

Data and study characteristics were extracted by two
reviewers using a standardised collection form (Table S2).
The main data included basic study information, popula-
tion characteristics, interventions in study and control
groups, and results of primary outcome indicators as well
as study quality. The information was obtained from
published data.

2.5 | Risk of bias

Two investigators independently evaluated 12 articles
based on the Cochrane risk of bias (ROB) tool.** The
biases included selection bias (sequence generation and
allocation concealment), performance bias, detection
bias, incomplete data bias, selective reporting, and other
biases. According to the information provided in the arti-
cles and information obtained by communicating with
the authors, we rated each item as “high risk,” “low
risk,” or “unclear Risk.” Finally, we computed graphic
representations of potential bias by using Review
Manager 5.3.

2.6 | Data analysis

This meta-analysis was performed using RevMan 5.3 soft-
ware provided by the Cochrane Collaboration. The risk
difference (RD) and 95% confidence intervals (CIs) were
used as the statistical indicators of the enumeration data
(eg, mortality rate, sepsis), and the measurement data
(eg, length of stay, cardiac function index) used weighted
mean difference (WMD) and 95% CIs as the statistical
indicators of curative effects. Then, we performed pooled
analyses using random effect model to calculate effect
sizes and 95% CIs. Moreover, I test was used to evaluate
the heterogeneity of each study result. When I* > 50%,
subgroup analyses based on possible heterogeneity fac-
tors (eg, age) were conducted to find the sources of het-
erogeneity. And we also performed sensitivity analysis to
test the stability of the combined results. In our study,
P value < .05 was considered a significant difference.

P WiLEy- L=

3 | RESULTS

3.1 | Literature screening

We searched 3104 related records. After duplication,
816 repeated articles were excluded. Then, screening
according titles and abstracts, we excluded 2246 irrele-
vant articles. Finally, 12 studies were included in this
meta-analysis. The literature screening process was
shown in Figure 1.

3.2 | Characteristics of included studies
Our meta-analysis included 1887 patients from
12 RCTs'*?! comparing with or without propranolol
treatment. These trials were published from 2001 to 2020.
Ten trials were performed in the United States, and the
remaining two were in Iran'” and Pakistanp.*!

Almost all RCTs included patients with burns greater
than 20% of TBSA, only one trial'® limited the TBSA
<20%. Interventions and comparisons were very similar,
with propranolol (titrated to decrease HR by 20% of
admission HR) and placebo or standard care being the
intervention and comparison. The specific characteristics
of the included studies are shown in Table 1.

4 | OUTCOMES

41 | Time ready for graft (d)

Two studies'”*' showed that using propranolol reduced
preparation time before transplant surgery. Based on
these results, we made a forest plot for the time ready for
graft. The pooled result shows that the preparation time
in propranolol is shorter than that in wusual care
[WMD = -7.88, 95% CI (-12.27, —-3.50), P = .03,
I’ = 79%] (Figure 2).

4.2 | Length of stay in hospital (d)

The length of stay in hospital reflects the situation of recov-
ery. According to our results, the use of propranolol does
not shorten the time of stay in hospital"'>172*2!
(WMD = —3.97, 95% Cls [-8.21, 0.27], P = .07, > = 99%).
Similarly, there is no significant difference in the subgroup
of children®'*?*® (WMD = 0.10, 95% ClIs [—4.50, 4.69],
P = .97, P = 99%), but the results in the subgroup of adults
are statistically significant'"'"*" (WMD = —9.06, 95% CIs
[—12.88, —5.24], P = .09, I = 59%) (Figure 3).
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Records identified through datebase searching
(n=3104)
Pubmed: 302
Embase: 929
Cochrane library: 214
Web of Science: 1659

FIGURE 1
according to PRISMA guidelines

Flowchart

Records after duplicates
removed
(n=2288)

Records screened
(n=2288)

Records excluded

(n=2246)

-review and guide: 192

-case report: 49

l -conference abstract: 72

-irrelevant: 79

-not burn: 906

-not Adrenergic beta-Antagonists: 339
-animal experiment: 441

-in vitro study: 168

y
Full texts assesed for

(n=42)

(n= 30)

y
Studies included in

eligibility | Full texts excluded

-not RCT or CCT: 20
-irrelevant results: 10

quantitative synthesis
(n=12)

4.3 | Mortality

Five articles''>'7?° reported mortality rate for burned
patients during hospitalisation, including 965 patients. As
shown in Figure 4, there is no significant difference in mor-
tality between the two groups (RD = 0.00, 95% Cls [—0.03,
0.04], P = .78, I = 5%), and also, there is no significant dif-
ference in subgroup analysis based on age (adults,"’
RD = —0.07, 95% CIs (=0.20, 0.07), P = .34, PP = 25%;
children,'>'* RD = 0.01, 95% CIs (—0.02, 0.04), P = .49,
P = 0%). Overall, the use of propranolol in burned patients
does not increase mortality during hospitalisation.

44 | Sepsis

Similarly, no significant difference is found when we
assess the occurrence of sepsis'>'>'*!” (RD = —0.03, 95%
CIs [—0.09, 0.03], P = .37, I’ = 0%). The analysis in differ-
ent age groups shows the same conclusion in adults'’
(RD = —0.04, 95% CIs [—0.17, 0.09], P = .57, I* = 0%) and
children'>**'® (RD = -0.02, 95% CIs [—0.09,0.04],
P = .71, P = 0%). To sum it up, treatment with proprano-
lol does not increase infection rate among patients with
severe burns (Figure 5).

4.5 | HR, RPP,and MAP

We find that the use of propranolol significantly reduces
HR!*172921 (WMD = —15.16, 95% ClIs = [—20.37, —9.94],

P<.001, * = 90%), RPP'**® (WMD = -1.32, 95%
CIs = [-1.67, —0.97], P < .001, I* = 68%), and MAP**%°
(WMD = -2.75, 95% CIs [-4.23, —1.26], P = .003,

I? = 60%) (Figures 6-8).

4.6 | Psychological health

Orrey, Rosenberg, and Sharp used the PSS-I criteria to
determine PTSD, and the “acute stress disorder symptom
checklist” for acute stress disorder (ASD).'*'®° The RD
of PTSD in propranolol-treated group is —0.01, but this
difference was not statistically significant. (RD = —0.01,
95% Cls [-0.07, 0.05], P = .77, I> = 39%) (Figure 9).

4.7 | Risk of bias

Seven and five trials were rated as low risk and high risk
for generating a random sequence, respectively. In addi-
tion, in the allocation concealment, the number of stud-
ies rated as low risk or high risk was one and two. As for
the assessment of blinding implementation, trials rated
as low risk of bias in the two parts of implementation
and outcome measurement were nine and four, respec-
tively. Then, we evaluated the integrity of the results
report, and all the trials were rated as low risk. Finally,
we assessed the selective reporting and other bias. To
sum it up, articles included in our study could generally
be rated as low risk. The overall risk of bias of the
included RCTs is best represented in Figures 10 and 11.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Cheema 2020 23.87 2.36 35 33.64 3.15 35 584% -9.77 [-11.07, -8.47] i
Mohammadi 2009 28.23 8.43 37 33.46 9.17 42  41.6% -5.23 [-9.11, -1.35] =
Total (95% CI) 72 77 100.0% -7.88 [-12.27, -3.50] —~l——

Heterogeneity: Tau? = 8.12; Chi = 4.72, df =1 (P = 0.03); I = 79%

-10 -5 0 5 10
Test for overall effect: Z = 3.52 (P = 0.0004)

Favours [experimental] Favours [control]

FIGURE 2 Forest plot for time ready for graft (d) (propranolol versus usual care)

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% CI 1V, Random, 95% CI
1.2.1 Children
Herndon 2016 29 2 197 26 1 248 23.1% 3.00[2.69, 3.31] "
Jeschke 2007 30 2 102 32 2 143 23.0% -2.00 [-2.51, -1.49] -
Wourzer 2016 41 26 59 44 38 62 8.5%  -3.00[-14.55, 8.55] - 1
Subtotal (95% CI) 358 453  54.6%  0.10 [-4.50, 4.69] D

Heterogeneity: Tau? = 12.41; Chi? = 273.78, df = 2 (P < 0.00001); I* = 99%
Test for overall effect: Z = 0.04 (P = 0.97)

1.2.2 Adults

Ali 2015 46 35 41 52 54 34 34% -6.00[-27.08, 15.08]

Cheema 2020 2669 358 35 37.71 368 35 223% -11.02[-12.72,-9.32] -
Mohammadi 2009 2441 811 37 3095 844 42 197% -6.54[-10.19, -2.89 —
Subtotal (95% CI) 13 111 45.4% -9.06 [-12.88, -5.24] -

Heterogeneity: Tau? = 5.95; Chi? = 4.90, df = 2 (P = 0.09); I> = 59%
Test for overall effect: Z = 4.65 (P < 0.00001)

Total (95% Cl) 471 564 100.0% -3.97 [-8.21, 0.27] ’
Heterogeneity: Tau” = 20.28; Chi* = 501.00, df = 5 (P < 0.00001); I> = 99% ;
Test for overall effect: Z = 1.84 (P = 0.07)

Test for subaroup differences: Chiz = 9.02. df = 1 (P = 0.003). 12 = 88.9%

-20 -10 0 10 20
Favours [experimental] Favours [control]

FIGURE 3 Forest plot for length of stay in hospital (d) (propranolol versus usual care)

Experimental Control Risk Difference Risk Difference
Study or Subgroup _Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% ClI
1.1.1 Children
Herndon 2016 12 197 9 248 51.9% 0.02 [-0.02, 0.07]
Jeschke 2007 5 102 8 143 29.4% -0.01 [-0.06, 0.05]
Wurzer 2016 4 59 5 62 11.4% -0.01 [-0.11, 0.08]
Subtotal (95% CI) 358 453  92.7% 0.01 [-0.02, 0.04]
Total events 21 22

Heterogeneity: Tau? = 0.00; Chi? = 1.08, df = 2 (P = 0.58); I? = 0%
Test for overall effect: Z = 0.68 (P = 0.49)

1.1.2 Adults

Ali 2015 6 41 10 34 2.9% -0.15[-0.34, 0.04]

Mohammadi 2009 5 37 6 42 4.4% -0.01 [-0.16, 0.15]

Subtotal (95% Cl) 78 76 7.3% -0.07 [-0.20, 0.07] ———
Total events 11 16

Heterogeneity: Tau? = 0.00; Chi2 = 1.33, df = 1 (P = 0.25); 12 = 25%
Test for overall effect: Z = 0.95 (P = 0.34)

Total (95% CI) 436 529 100.0% 0.00 [-0.03, 0.04] <&
Total events 32 38

Heterogeneity: Tau? = 0.00; Chi*=4.22, df =4 (P =0.38); I = 5%

Test for overall effect: Z = 0.28 (P = 0.78)

Test for subaroup differences: Chi2 = 1.17. df =1 (P = 0.28). 12 = 14.5%

-0.2 -01 0 0.1 0.2
Favours [experimental] Favours [control]

FIGURE 4 Forest plot for mortality (propranolol versus usual care)

4.8 | Sensitivity analysis study'® was removed from them, the heterogeneity of the

pooled results in the group of children was significantly
When we checked the studies included in the days of  reduced, and indicated that the use of propranolol could
hospitalisation one by one, we found that when one shorten hospital stay. (WMD = —2.00, 95% Cls [-2.51,
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Experimental Control

Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.3.1 Children

Hart 2002 1 12 4 19 6.2% -0.13[-0.37, 0.11]

Herndon 2001 4 12 3 12 2.7% 0.08 [-0.28, 0.45]

Jeschke 2007 8 102 14 143 70.4% -0.02 [-0.09, 0.05] I
Subtotal (95% CI) 126 174  79.3% -0.02 [-0.09, 0.04]

Total events 13 21

Heterogeneity: Tau? = 0.00; Chi? = 1.06, df =2 (P = 0.59); I? = 0%
Test for overall effect: Z=0.71 (P = 0.48)

1.3.2 Adults

Mohammadi 2009 3 37 5 42 20.7%
Subtotal (95% Cl) 37 42  20.7%
Total events 3 5

Heterogeneity: Not applicable
Test for overall effect: Z = 0.57 (P = 0.57)

Total (95% CI) 163 216 100.0%
Total events 16 26

Heterogeneity: Tau? = 0.00; Chi? = 1.09, df =3 (P = 0.78); I?=0%
Test for overall effect: Z=0.89 (P = 0.37)

Test for subaroup differences: Chi2 = 0.03. df =1 (P = 0.86). 2 = 0%

FIGURE 5 Forest plot for sepsis (propranolol versus usual care)

Experimental Control
r r Mean D Total Mean D Total Weigh
Herndon 2012 (1 week) 153 16 90 167 16 89 10.8%
Herndon 2012 (2 weeks) 153 16 90 168 14 89 10.9%
Herndon 2012 (4 weeks) 150 17 20 162 17 89 10.7%
Herndon 2012 (2 months) 138 23 90 153 23 89  9.9%
Herndon 2012 (3 months) 133 20 90 150 20 89 10.3%
Herndon 2012 (6 months) 116 19 90 127 19 89 10.4%
Herndon 2012 (12 months) 110 16 90 119 16 89 10.8%
Mohammadi 2009 84 13 4 116 13 4  49%
Wurzer 2016 142 23 62 149 15 59  9.8%
Cheema 2020 76.17 5.32 35 103.29 548 35 11.5%
Total (95% CI) 731 721 100.0%

Heterogeneity: Tau? = 59.78; Chi? = 93.24, df = 9 (P < 0.00001); I> = 90%
Test for overall effect: Z=5.70 (P < 0.00001)

Risk Difference

Risk Difference

1wy YT Sl

-15.00 [-19.40, -10.60]

-17.00 [-22.86, -11.14]

-32.00 [-50.02, -13.98]
-27.12 [-29.65, -24.59] -

-15.16 [-20.37, -9.94]

-0.04 [-0.17, 0.09] —
-0.04 [-0.17, 0.09] —l—
-0.03 [-0.09, 0.03] -
02 01 0 01 02

Favours [experimental] Favours [control]

Mean Difference

IV, Random. 95% CI

Mean Difference
IV, Random, 95% CI
-14.00 [-18.69, -9.31]

-12.00 [-16.98, -7.02]
-15.00 [-21.74, -8.26]

-11.00 [-16.57, -5.43]
-9.00 [-13.69, -4.31]

-7.00 [-13.89, -0.11]

>

-25 0 25 50
Favours [experimental] Favours [control]

-50

FIGURE 6 Forest plot for heart rate (propranolol versus usual care)

-1.49], P < .001, P = 0%). We also performed the sensi-
tivity analysis on other combined results, but the final
results did not change significantly, indicating that our
results were relatively stable. The sensitivity analysis of
the meta-analysis is shown in Figure 12.

5 | DISCUSSION

Some previous clinical trials have suggested that propran-
olol is one of the most effective and least toxic pharmaco-
logical treatments for burns.* Moreover, the American
Burn Association Consensus in 2013** recommended it
as a pharmacological method to regulate post-burn stress
response. Several meta-analyses®®**?* have also studied
it in recent years. However, there was still insufficient
evidence to strongly support the previously mentioned

conclusions.”***> The latest meta-analysis’ included
eight studies in quantitative synthesis and indicated that
there were no differences in mortality or sepsis, while the
use of propranolol in burned patients resulted in lower
values of HR. As a few new RCTs'®?! have been reported
recently, we conducted this systematic review and meta-
analysis to evaluate the effectiveness and safety of beta
blocker in burned patients. We further confirmed that
the use of beta antagonist in burned patients has no sig-
nificant effect on sepsis and mortality and reduced
HR. More importantly, we found that the use of propran-
olol in burned patients could shorten the time to prepare
for graft, reduce the time of stay in hospital for adults
and protect the heart function.

Our pooled analysis indicates that the time ready for
graft is less in propranolol group than in control group.
One possible explanation for this may be that the
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Herndon 2012 (1 week) 11.138 1.753 90 11.571 1.744 89 13.7% -0.43 [-0.95, 0.08] ™

Herndon 2012 (2 weeks) 10.303 1.721 90 12.009 1.712 89 13.8% -1.71[-2.21, -1.20] -

Herndon 2012 (4 weeks) 10.303 1.721 90 11.919 1.835 89 13.5%  -1.62[-2.14,-1.09] -

Herndon 2012 (2 months) 10.303 1.721 90 11.696 1.831 89 13.6% -1.39 [-1.91, -0.87] -

Herndon 2012 (3 months) 9.992 2.096 90 11.403 2.097 89 122%  -1.41[-2.03,-0.80] -

Herndon 2012 (6 months) 8.362 1.782 90 9.611 1.788 89 13.5% -1.25[-1.77,-0.73] -

Herndon 2012 (12 months) 7.771 1.595 90 9.611 1.788 89 13.9%  -1.84[-2.34,-1.34] -

Wourzer 2016 16.544 3.714 59 16.915 3.149 62 5.8% -0.37 [-1.60, 0.86] - 1

Total (95% ClI) 689 685 100.0% -1.32 [-1.67, -0.97] ’

Heterogeneity: Tau? = 0.17; Chi? = 21.61, df = 7 (P = 0.003); I* = 68% 4 2 5 2 “1

Test for overall effect: Z = 7.33 (P < 0.00001) Favours [experimental] Favours [control]
FIGURE 7 Forest plot for rate pressure product (propranolol versus usual care)

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% Cl IV, Random, 95% CI

Herndon 2012 (1 week) 74 10 90 75 10 89 11.7% -1.00 [-3.93, 1.93] —

Herndon 2012 (2 weeks) 73 8 90 78 8 89 14.0% -5.00 [-7.34, -2.66] -

Herndon 2012 (4 weeks) 74 8 90 79 8 89 14.0% -5.00 [-7.34, -2.66] -

Herndon 2012 (2 months) 77 8 90 80 8 89 14.0% -3.00 [-5.34, -0.66] -

Herndon 2012 (3 months) 80 9 90 83 9 89 12.8% -3.00 [-5.64, -0.36] -

Herndon 2012 (6 months) 77 9 90 81 9 89 12.8% -4.00 [-6.64, -1.36] -

Herndon 2012 (12 months) 77 9 90 78 8 89 13.4% -1.00 [-3.49, 1.49] I

Wurzer 2016 79 12 59 76 13 62 7.3% 3.00 [-1.45, 7.45] -1

Total (95% CI) 689 685 100.0%  -2.75[-4.23, -1.26] -

Heterogeneity: Tau? = 2.69; Chi? = 17.37, df =7 (P = 0.02); I> = 60% _1=0 _55 0 é 1=0

Test for overall effect: Z = 3.62 (P = 0.0003)

Favours [experimental] Favours [control]

FIGURE 8 Forest plot for mean arterial pressure (propranolol versus usual care)

Experimental Control Risk Difference Risk Difference
Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Orrey 2014 3 20 6 23 5.7% -0.11[-0.35, 0.13] -
Rosenberg 2018 3 89 8 113 451% -0.04 [-0.10, 0.02] —
Sharp 2010 10 126 12 237 49.2% 0.03 [-0.03, 0.08] L
Total (95% CI) 235 373 100.0% -0.01 [-0.07, 0.05]
Total events 16 26

Heterogeneity: Tau? = 0.00; Chi? = 3.30, df =2 (P = 0.19); I = 39%
Test for overall effect: Z = 0.30 (P = 0.77)

02 -0.1 0
Favours [experimental]

0.1 0.2
Favours [control]

FIGURE 9 Forest plot for PTSD and ASD (propranolol versus usual care). ASD, acute stress disorder; PTSD, post-traumatic stress

disorder

administration of propranolol improves wound contrac-
ture and promotes proper epithelialisation of some super-
ficial parts in the border of deep burn area, and thus
improves healing process and decreases the time ready
for graft, which is also consistent with animal results.?®
Besides, avoiding wound infection, reducing catabolism,
and preserving protein stores as potential benefits of pro-
pranolol, which might be other reasons of reducing time
ready for graft.'” In most burns, skin grafting to close
wounds is the main treatment method. Transplanting as
soon as possible can help effectively reduce residual
wounds and the formation of scars on the wound surface.
Therefore, reducing the time to prepare for transplanta-
tion can improve wound healing process.

Another important finding is that the use of propran-
olol in burned patients is associated with a reduced
length of hospital stay for adults. In other words, it may
also reduce medical expenses by shortening hospital stay.
Interestingly, this finding is different from the result of
previous research.” In burned patients, the release of
endogenous catecholamines triggers a state of catabolic
reactions,>”’ which will lead to depressed immunity,
increase infectious complications, impair wound healing,
and profound generalised weakness, thereby extending
the length of hospital stay. Propranolol can block these
effects to some extent.>*> In addition, based on our
pooled results, the use of propranolol can shorten the
preparation time for transplant surgery, which also
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FIGURE 10 Risk of bias across studies

reduces the total hospital stay. However, the results vary
in total people and the subgroup analyses. The length of
hospital stay in burned adults shows a significant differ-
ence, while no significant difference in burned children.
We suppose some other factors including the area and
deepness of the burn, the initiation time of the treatment,
the dosage of propranolol, and the compliance of patients
may have effects on the length of hospital stay.***

The release of catecholamines also triggers the sys-
temic inflammatory response, causing protein degrada-
tion and catabolism. Consequently, the structure and
function of essential organs such as the muscle, skin,
heart, immune system, and liver are compromised,

P WiLEy- L=

contributing to multiple organ failure, sepsis, and mortal-
ity.” In our results, we found the use of propranolol does
not increase the mortality and sepsis, which is consistent
with previous studies.”** Jeschke et al'® showed that pro-
pranolol was associated with a decrease in serum TNF
and IL-1, but levels only decreased at one time point,
indicating that propranolol did not alter the inflamma-
tory reaction compared with controls. What is more, the
overall tendency is similar in both total people and the
subgroup of children.

And then, we assess the cardiac function. When indi-
viduals suffer from trauma, the concentration of cate-
cholamines significantly increases, resulting in an
increased burden on the heart. In this case, the patient is
prone to develop acute cardiac failure, which is also a
common cause of death in adult burned patients.*® Previ-
ous studies have consistently reported that the use of pro-
pranolol could significantly reduce HR.” And we find
similar results with them. The explanation may be that
the non-selective activity of propranolol on p1- and
B2-adrenergic receptors theoretically counteracts the
increased levels of catecholamines, by binding to adren-
ergic receptors and blocking the positive inotropic and
chronotropic effects of the sympathetic system.

What is more, we also synthesise other cardiac index,
like RPP and MAP. Similar to the effect on HR, propran-
olol also significantly reduces RPP and blood pressure. As
RPP is a commonly used measure of myocardial oxygen
consumption,®®**-**3! we have inferred that propranolol
can reduce myocardial oxygen consumption in burned
patients. Therefore, combined with the HR, we conclude
that propranolol could lessen heart burden and protect
the heart function of burned patients. However, there is a
large heterogeneity between the studies included in the
analysis of HR, RPP, and MAP. And although our sensi-
tivity analysis results indicated that the pooled results
were stable, the application of this evidence should still
pay attention to the condition of individual patients.

In addition, another superiority of our research is the
synthetic analysis of the relevant indicators (PTSD and
ASD) for measuring psychological health. According to the
current research results, early identification and control of
psychological problems such as anxiety or depression helps
accelerate the process of wound healing**** Orrey
et al'®®1% ysed the PSS-I criteria* to determine PTSD,
while ASD was measured by the “acute stress disorder
symptom checklist.”*> Our results have shown that the
occurrence of stress events such as PTSD and ASD in
propranolol-treated group after burns is lower than control
(RD = —0.01), but this result is not statistically significant.

Although our research has more comprehensive sea-
rch strategy (Table S1) and incorporates the latest
research compared with previous studies, there are still



MA ET AL.

= | wiLeY-[IEF}

Random sequence generation (selection bias)

FIGURE 11 Risk of bias

Allocation concealment (selection bias)

from individual study

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
0% 25% 50% 75% 100%
B Low risk of bias [] unclear risk of bias B High risk of bias
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V. Random, 95% Cl
1.2.1 Children
Herndon 2016 29 2 197 26 1 248 0.0% 3.00[2.69, 3.31]
Jeschke 2007 30 2 102 32 2 143 27.8% -2.00 [-2.51, -1.49] =
Wurzer 2016 41 26 59 44 38 62 13.5%  -3.00[-14.55, 8.55] -
Subtotal (95% CI) 161 205 41.4%  -2.00 [-2.51, -1.49] (
Heterogeneity: Tau? = 0.00; Chi? = 0.03, df =1 (P = 0.87); I?=0%
Test for overall effect: Z=7.73 (P < 0.00001)
1.2.2 Adults
Ali 2015 46 35 41 52 54 34 6.2% -6.00[-27.08, 15.08]
Cheema 2020 26.69 3.58 35 37.71 3.68 35 27.3% -11.02[-12.72,-9.32] -
Mohammadi 2009 2441 8.11 37 3095 8.44 42 252% -6.54[-10.19, -2.89] =
Subtotal (95% CI) 113 111 58.6% -9.06 [-12.88, -5.24] ‘
Heterogeneity: Tau? = 5.95; Chi? = 4.90, df = 2 (P = 0.09); I> = 59%
Test for overall effect: Z = 4.65 (P < 0.00001)
Total (95% Cl) 274 316 100.0% -5.99 [-11.91, -0.06] -
ity 2 = . i2 = = . 12 = QRO t t t t
Heterogeneity: Tau” = 32.80; Chi* = 103.36, df = 4 (P < 0.00001); I> = 96% 20 10 0 10 20

Test for overall effect: Z = 1.98 (P = 0.05)
Test for subaroup differences: Chiz = 12.90. df = 1 (P = 0.0003). 12 = 92.2%

FIGURE 12 Sensitivity analysis

several shortcomings in our research. Firstly, most of the
studies are only for propranolol and we included pro-
pranolol to evaluate, so other beta antagonists, such as
selective beta blockers, could not be evaluated whether
they are effective for burns. In addition, some studies
involved in this study are in high risk and high heteroge-
neity, which might result in inevitable bias. Last but not
least, some of the variable and outcome indices were only
included by a few studies, which remains to be studied.
More prospective, randomised-controlled, multi-centre
studies were needed to define their place in therapeutic
algorithms. Future trials should also assess the impacts of
different routes of medication on clinically relevant out-
comes and different effects of different areas and depth of
the burn.

6 | CONCLUSION

Our study indicates that the use of propranolol in burned
patients could shorten the time to prepare for graft,

Favours [experimental] Favours [control]

reduce the time of stay in hospital in adults, and protect
the heart function. Besides, neither does it increase the
mortality rate during hospitalisation nor increase the
occurrence of sepsis or PTSD. In summary, the use of
beta antagonist is an effective and safe choice in burned
patients and can be considered as an appropriate treat-
ment strategy. This study is limited by the sample size
and quality of the original studies, so further trials on
large population with a wider range of outcome measures
are warranted to provide more high-quality evidence.
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