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SYSTEMATIC REVIEW

Efficacy and feasibility of amniotic membrane for the treatment of

burn wounds: A meta-analysis

Chao Yang, MD, Ai Bing Xiong, MD, Xiao Chuan He, MD, Xiao Bin Ding, MD, Xin Li Tian, MD,

Ying Li, MD, and Hong Yan, PhD, Sichuan, China

BACKGROUND:

METHODS:

RESULTS:

CONCLUSION:

Burns cause a huge economic burden to society, and the wounds can be very difficult to manage. Clinical experience suggests that
amniotic membrane (AM) is an economical and effective biological dressing for burns. However, few systematic reviews or
meta-analyses have been published on such use. We aimed to evaluate the role of AM dressings in burn wounds.

A systematic search of the PubMed, Cochrane, Embase, and Web of Science databases was conducted in March 2020. The search
was conducted to identify randomized control trials that compared selected features of AM with those of other dressings, such as
silver sulfadiazine, polyurethane membrane, and honey. For skin-grafted wounds, we compared AM-covered skin grafts and tra-
ditional staple-fixed skin grafts. Outcomes of interest for the efficacy analysis included wound infection, pain, itching, scarring,
and healing time. The number of adverse events in each treatment group, the rate of withdrawal because of adverse effects, the cost
of treatment, and patient acceptability were assessed for the feasibility analysis.

Eleven randomized controlled trials with 816 participants total were identified in our review. Amniotic membrane treatment was
more effective than conventional methods, silver sulfadiazine, and polyurethane membrane in treating burn wounds, but AM ap-
pears to be less effective than honey. No reports of AM-related disease transmission or adverse reactions were described in the in-
cluded articles.

Amniotic membrane has beneficial effects in treating burn wounds; however, the evidence needs to be strengthened by further ro-
bust randomized controlled trials. (J Trauma Acute Care Surg. 2021;90: 744-755. Copyright © 2020 Wolters Kluwer Health, Inc.

All rights reserved.)
LEVEL OF EVIDENCE: Systematic Review/Meta-analysis, level 1L
KEY WORDS:

Amniotic membrane; burn wounds; meta-analysis.

B urns, with their high morbidity and mortality, are a major
public health concern.'? Burn treatment consumes large
amounts of medical resources and causes a huge economic bur-
den to society.>* Burn wounds are very traumatic and difficult to
manage, often because of complications from the initial skin
loss, such as pain and itching.* In addition, hypertrophic scars
induced by burns can cause physical and psychological trauma
to the patient, which may reduce the patient’s self-esteem and af-
fect the patient’s quality of life.®> Finding a suitable dressing for
the burn wound remains a major problem. While achieving the
primary goal of wound healing, reducing the cost of burn treat-
ment is also an important goal.

Amniotic membrane (AM), formed from fetal ectoderm,
is a thin and pliable membrane (about 20- to 50-um thick).®®
It was first proposed as a biological skin substitute in 1910,
and its first use as a dressing for burn wounds was reported in
1913.°"" Amnion has the advantage of being transparent, thin,
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light-weight, elastic, adhesive, semipermeable, and easily mold-
able; furthermore, it has low immunogenicity.®*!'* It can alleviate
pain, reduce inflammation, control water loss, prevent bacterial
colonization, prevent scarring, and promote epithelialization and
wound healing,”-310:12:13

Clinical experience suggests that AM is an economical
and effective biological dressing for superficial second-degree
burns, and it can also be used as an adjunct to meshed autograft
or as a temporary dressing for recently excised wounds before auto
grafting.® However, few systematic reviews or meta-analyses have
been published addressing the effectiveness and safety of human
AM for the treatment of burn wounds. Hence, this meta-analysis
was conducted to systematically evaluate the role of AM dress-
ings in burn wounds, based on scientific evidence.

PATIENTS AND METHODS

Data Sources and Search Strategy

PubMed, Cochrane, Embase, and Web of Science data-
bases from inception to March 2020 were searched by using
terms such as “amnion” and “burn” to identify available data
sources. Both free-text words and Medical Subject Headings
were used to search PubMed and Cochrane. Only free-text
words were used to search Embase and Web of Science because
of a limitation of their interface. The details of the search strate-
gies are presented in Supplemental Digital Content (Supplemen-
tal Table, http:/links.lww.com/TA/B862). Only articles in
English were included. To avoid omitting relevant randomized
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controlled trials (RCTs), conference summaries and reference
lists of all identified records were also scanned.

Selection of Studies

Inclusion criteria were as follows: (1) RCTs evaluating
AM for the treatment of burns irrespective of the degree of burn;
(2) RCTs comparing AM with placebo, each other, or other
treatment options; and (3) RCTs reporting complete efficacy
outcome(s). When multiple publications from the same cohort
reported different outcomes in a mutually exclusive way, all re-
ports meeting the inclusion criteria were included.

Exclusion criteria were as follows: (1) Nonburn wounds
such as the skin graft donor sites; (2) animal trials, case reports,
dissertations, reviews, or duplicate secondary analyses; (3) pa-
pers that were unavailable in English; and (4) studies that were
unable to extract any related outcome data.

Outcome Measures

For the efficacy analyses, outcomes included wound in-
fection, pain, itching, scarring, and healing time. For feasibility
analysis, we assessed the number of adverse events in each treat-
ment group, the rate of withdrawal because of side effects, the
cost of treatment, and patient acceptability.

Data Extraction and Quality Assessment

Two reviewers independently verified all potentially suit-
able trials through screening of the titles and abstracts of each re-
port. Potential trials were then retrieved in full and verified for
eligibility. Data extracted from the identified trials included the
key characteristics of the studies, therapy design, and outcomes.
The methodological quality of studies was assessed by the “risk
of bias” assessment tool developed by the Cochrane Collabora-
tion.'* Any discrepancy was resolved by discussion or following
arbitration by a third reviewer, if necessary.

Statistical Analysis

The results were extracted as either continuous or dichot-
omous variables, depending on how they were reported in the
study. All statistical analyses were conducted using Review
Manager (RevMan), version 5.3 computer program (Cochrane,
London, England). Standardized mean differences (SMDs) or
mean differences (MDs) with 95% confidence intervals (Cls)
were calculated for continuous outcomes; risk ratios (RRs) with
95% Cls were calculated for dichotomous outcomes. Heteroge-
neity was evaluated using the /* statistic. With substantial hetero-
geneity for outcome data (P > 50% or p < 0.10), a random-effects
model was chosen to calculate pooled estimates. Otherwise, a
fixed-effect model was used. Funnel plot regression was used to
examine the publication bias. Subgroup analyses were performed
according to the type of treatment in the control group. Statistical
significance was defined as p < 0.05 unless otherwise stated.
Throughout the process, we complied with PRISMA’s reporting
requirements (http://links.lww.com/TA/B861).

RESULTS

Study Selection and Characteristics

The initial database search identified 455 potentially rele-
vant studies. After removing duplicates, there were 311 records.
Of those, 258 were excluded based on the title and abstract; 53

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

full reports were then further reviewed for eligibility. Finally,
11 studies met the inclusion criteria and were identified for fur-
ther data extraction (Fig. 1). Eight trials focused on acute burn
wounds,+08%1215717 a4 the other three, on skin-grafted burn
wounds.>>!® For acute burn wounds, three articles compared
AM with conventional methods,®!> three with silver sulfadia-
zine,*'>'® one with honey,'” and one with polyurethane mem-
brane.® For skin-grafted wounds, a comparison was made between
AM-covered skin grafts and traditional staple-fixed skin grafts.
Table 1 summarizes the general characteristics of the included
reports, which were published between 1985 and 2017. All of
these were unicentric trials. Sample sizes ranged from 15 to
211 participants, 816 participants in total. Mohammadi et al.’
was the follow-up report of Mohammadi et al.'® on the same co-
hort; therefore, the population was counted only once. The mean
age of the participants was 18.8 years (range, 1 day to 62 years);
57% of the subjects were male. The characteristics of AM used
in the included trials are described in Table 2.

Efficacy Outcomes
Acute Burn Wounds

Wound Infection

Bacterial invasion inhibits wound healing.'® Six studies
reported bacterial infection.®%*!1517 Pooled analyses showed
that the bacterial invasion rate of burn patients treated with
AM was lower than that of patients treated with conventional
methods (RR, 0.51; 95% CI, 0.28-0.92; p = 0.03) or silver sul-
fadiazine (RR, 0.73; 95% CI, 0.53—1.00; p = 0.05), comparable
with those treated with polyurethane membrane (RR, 0.33; 95%
Cl, 0.04-2.97; p = 0.33), but higher than those treated with
honey (RR, 4.05; 95% CI, 1.51-10.85; p = 0.005) (Fig. 2).

455 records were identified through database searching

A 4

144 duplicated records were excluded

311 titles and abstracts were screened

258 records were excluded

53 full text papers were assessed

Full-text papers excluded (n=42)
Non amniotic membrane intervention
(n=30)

Non-bum wound (n=8)

Not English full text (n=3)

Study Protocol (n=1)

11 clinical controlled trials were included

Figure 1. Flowchart of study selection.
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Pain

Both continuous and dichotomous outcomes for analgesic
efficacy were assessed. According to the continuous outcome
from the two studies,''® AM is significantly better than silver
sulfadiazine for pain relief in burns, both before (MD, —2.35;
95% CI, —2.72 to —1.98; p < 0.00001) and after (MD, —3.75;
95% CI, —4.03 to —3.11; p < 0.00001) dressing changes (Fig.
3A4). Effective rates defined as painless during dressing change
were available in three studies.*®'” Patients receiving AM
treatment were more likely to feel no pain during dressing
changes than those treated with silver sulfadiazine (RR, 3.91;
95% CI, 2.29-6.69; p < 0.00001) or polyurethane membrane
(RR, 1.58; 95% CI, 1.03-2.44; p = 0.04). When compared with
honey, however, the analgesic effect of AM was not superior
to honey for burn wounds (RR, 0.67; 95% CI, 0.35-1.27;
p =0.22) (Fig. 3B).

Scarring

The formation of a hypertrophic scar after burn injury was
reported in two studies.”'” From the combined analysis, AM has
no advantage over the control with respect to scar formation
(MD, 0.21; 95% CI, —0.41-0.83; p = 0.50) (Fig. 44) or honey
treatment (RR, 0.9; 95% CI, 0.74-1.1; p = 0.31) (Fig. 4B) in
inhibiting postburn scarring.

Number of Dressing Changes

Most of the articles mentioned the frequency of dressing
changes throughout the hospitalization; however, only two arti-
cles provided data suitable for extraction.*? According to the
combined analysis, the number of dressing changes in the
AM group was significantly lower than that in the control
group and the silver sulfadiazine group (SMD, —3.53; 95%
Cl, —6.26 to —0.80; p = 0.01; heterogeneity, P = 97%,
p <0.00001) (Fig. 4C).

Healing Time

Six studies reported the difference in healing time or
length of hospital stay for the treatment and control
groups.+®%121617 1n general, according to the analysis, AM
could shorten the healing time of burn wounds or the patient’s
hospital stay (SMD, —0.76; 95% CI, —1.52 to 0.01; p = 0.05).
Subgroup analysis showed that AM had a statistically significant
advantage in reducing burn wound healing time or length of stay
compared with placebo (SMD, —0.99; 95% CI, —1.40 to —0.58;
p < 0.00001) and silver sulfadiazine (SMD, —1.34; 95%
CI, —2.15t0 —0.52; p = 0.001) and is equivalent to polyurethane
membrane (SMD, —0.34; 95% CI, —0.92 to 0.24; p = 0.25) but
less effective than honey (SMD, 0.88; 95% CI, 0.35-1.41;
p =0.001) (Fig. 54).

Average Expenses

Mohammadi et al.'® reported that the average expenses in
the amnion group were significantly less than those in the silver
sulfadiazine group (MD, —841.47; 95% CI,—905.91 to —777.03;
p <0.00001) (Fig. 5B). Although there was only one study'® on
the average hospitalization cost, based on the reported wound
healing time and number of dressing changes in reports, we
can infer that AM treatment for burn wounds can significantly
reduce the treatment cost.

747

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



J Trauma Acute Care Surg
Volume 90, Number 4

Yang et al.

AN

AN

“SUING [eHUSISJUINOID
Jo oseo ur 3deoxd
pandde arom s3uissap oN|

AN

AN

*SUING [eNUIFUINOTID
Jo oseo ur 3deoxd
pandde arom s3urssarp oN

"9yea|os [ed13ojorsAyd
Q[LIR)S YPIM PISULT U]} ST
pue urw () 1oy arnyeroduwa)
wool ur paoeyd st Ay Ay
)M [ISSIA 3} ‘Osn a10Jog
Do+ & Uy pue amyeradus)
wood je 3day ST 1 Y ¢ 11y
) 10 "S[OSSAA SSB[S LIS

B UL [OYOO[E 949/ Ul paAlasald

AN

amyeraduwo) woo1 je paIo}§

‘urege pasull s pue
UOLIOYD 9} JO 1531 ) WOLf
pajeredas s1 oueIqUISW
Uoruwie 3y} ‘U [, "9JBA[OS
[ea13o101sAyd s pooiq
Jo posul 3s11 st eyuedeld oy,
“oUI[es [BULIOU
M paysem sem ‘eudded
PUE UOLIOND U} WO
uoneredas Joye NV YL ysa1y
“(;0uIEs s
SOSULI QIOW J21) Aq
PAMO[[OJ UonNOS S UBjeC]
PALJIPOU UT 90UO PASULT
SI QUBIQUISW ) TXON
"SISULI U2am3aq SJO[o )
QAOWIRT 0 Pasn ST 9zneT e
‘A[[euoISeI00 pue ‘SUISuLl
Suump AySnooy pajense
SI QURIQUISW dY ], "UONN[OS
ourfes [eorsojorsAyd Lol
UL SoWm 33y} pasull pue
epuooeld oy woy payeredos
SI oueIqUIdW A ‘Onbrutjoo)
Q[u)s Juis)) ‘uonesrdde
Q10Joq Y [ Joj armjeradua)
woo1 Je pasued]d ‘pajeredog

4(8007) e 10

PoAIAsAI] AN BYSAOUOPUY
KIOAT[Op [eWLIOU
10 KIOAI[Op UBAIBSID
I3)JE UORIPUOD YSaly

B UI Paure)qo ‘A Uewngy

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

L1 (7661)
weAuewyeiqng

(s861)

yso1j NV uewny ‘Te 30 euLIRyS

uonex|] UoIuIy

)89, AseISIq

93e10)S uoIUWIY

uopesedard uoruury dAT, uoruwry 321n0g§ uoIUWy ApmS

S|el PapNPU| Y1 Ul PAsn A JO sonsuadeleyd “Z 319V.L

748

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



| Trauma Acute Care Surg

Yang et al.

Volume 90, Number 4

a3pd jxau panuyuo)

KI2AI[SP 131E P 06 0} 09
pue AIOAT[p JO owm ay) 18
Quop sem Junsay A 7 pue
1 AIH pue ‘Surusaros
siydA4s Joy urgear ewserd
pider ©) pue g sunedoy
J10J Pa1sa) 21om SIOUOP
AN orewdy aandumsard ay

"(yueq onssn)

D008~ 18 palo)s

PUE ‘10Z301} 9Jel [O1UO0D B
ur uazolj ‘sayonod [0y our
paoerd a1om sayonod onserd
9y L, "soyonod onsefd o[u)s
Ul po[ess pue ‘oznes ysouwt
qury ur papjoy ‘sadard ¢

WO ()G OIUI IND ‘UIW ()7 I0f

010943 94,671 Ul PAAISSAI]

‘uonnjos 1opnq oeydsoyd
UIIM POSULI SeM Y

oy ‘A[reur, “omyerodud)
wooI Je 1] 77 10J 10Je)01

® uo paoefd pue uonnjos
Iopnq oyeydsoyd pim
001:1 pa[Ip Juagiolop
001-X U0, ut paoerd sem
NV oy ‘ursdA1y ssaoxa Jjo
Sururerp 10yvy -amyerodwoy
wooI Je ] /g 10J pajense
pue 10)e)01 & U0 pade[d sem
JAV QYL ‘uonnjos Iagnq
ayeydsoyd ym i poinjip
VILad-uisd&n o670

M JUaUeaI) Aq poAOwIoT
Sem ATV OU) JO doBJInS
Teroynds oy, ‘Sunsy
[eo130j01qo1onu 10§ pjonbife
Sem wnIpaw 23eI0)s Ay}
Joordwes e 4 [ YV P L
0} dn pue p ¢ jo wnurur
© 10§ Dop I8 (TT/8W 0§
‘wdoyowy pue (/3w (g
‘urdexopjoido (/3w g
‘uroAwoouea /8w ()G

‘q uouoydure) sonoiquue
yna ov91 INdY Ut

Pa10)s uay) sem I “(uonnjos
3uo[yPodAt] wnIpos 9,57°0)
uonnjos s urye( pue

QUITES UT PAYBOS PUE PIsULI
SEM QUEBIQUISUI ONOTUUTY
‘JeALLIE JO [ T Ultpim
Ppassacord sem J1 d1oyMm
‘ans Surssadoxd oyy 03 D
e papodsuen Ajajerpaurur
Ppue woo1 AIIAT[Op A1)

Ul JOUTeIUOD J[LIA)S B 0}
POLIQJSURT) USY) SeM NSST)
Y, ‘pareredas arom UoruwE
pUE UOLIOYD ‘UonNjos

S Jo3ury yym paysem a1om
sejuaoe[d ‘ssjueg onssi],

JO UONRIO0SSY UBILIDUIY
Ay Jo saurjeping ayy

pue sourjopIng yueq onssy

[BUIDIUT YIM SOUBPIOIOR U]

SUOT}00S UBAILSOLD JULIND

rjuode[d woy Ny uewny

+(8007) T30

njsueIg

749

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



J Trauma Acute Care Surg

Volume 90, Number 4

Yang et al.

"KI0JRIOQE] YOIEdsal SBISIP [BRIOUAA “TIA ‘PoHodar Jou YN ‘SnuA Adusiorjopountuwul uewny ATH snia O spnedoy ADH ‘eoepns g spneday ‘SEH Proe onodeend) dumuerp sudApe ‘v Iad

100 [edlIquun pue
JIOUPOU 1JOq I0J S)S}

(ofueq anssn) Dot &
uonnos UIOIUEJUSS—oul[es

Surewa1 Jo4e|

juotedsuen ‘yjoows

“YSHIYM B [IUN QUI[eS [eUuLIou
s A[y3noioy) paysem pue

ejuode[d pue UOLIOYO S WIoK

SOLIOAI[OP UBQIESID

QATIOI[Q A} WIOIJ PAAJLIRT J(L107) e 10

SUISSIp YYIM PAIIA0)) TIAA Pue ADH ‘SH AIH [euLIou Ul pajo}S  pajeredss A[[njares SI UOTULIE Y], PaAIasalg sejuode[d woly NV uewny TPRUIRYOIA]
([ueq onssn)
Dot ¥e JojeragLyor ur
Suissaip e se sozned Pa10)s pue ‘urorueiuds Jo SOLIDAT[OP UBIIBSID
K1p uoy) pue sazne3 “IoUjowW 10J $)s9) /3w )8 PuE AUI[ES [EULIOU 9A130[d Sunp eyudoed L9g100) TE IO
OUISEA UM PAIDAOD SBA\ SEH pue ADH AIH Sururejuoo jod & ur paoe[q QuI[es [BWIOU YIM SuIysep, paAIasaId wolj paure}qo ‘v uewny IPRWIWIEBYOJA
‘surewal JoAe|
juaredsuen ‘yloows
YSHIYM B [IUN SUI[ES [eULIOUu
P10 TedrIquIn (S[ueq anssn) D.f 18 s A[ySnoror) paysem SOLIQAI[OP UBILSIO
pUE JOyIoW joq J0J S)S3} UonN[oS UIOTEUSS—oul[es pue gjuooe[d pue uoLoyo Ay} 9AIO0[0 O} WO pasdLndI o (BE1(OT) B 10
Furssarp Aq pa1aao) TIAA PUe ADH ‘SIH AIH [ewLIOu Ul pAI0}S woy pajeredas st uoruwe oy |, PaAIasaIg seyudoe[d woyy NV uewny IPEWWEBYOIA
191 0
Y110} Dol F OF & Uan0
armnyeradud) pa[jonuod
€ Ul POLIP USAO USY) pue
(peaw ¢'7) uonerper & (9-00
UM PIJRIPRLI] UL} Sem (uorssruuo)) A31oug Oruoyy
Jueiquow [, “(Suissarp ysope[3ueg Jo Nu() Yoreasay
A1epuooas) o3nes o[Ue)s  [eLIRJRWOLY pue Sunjueq anssi],
siyd4s pue © uo pagSe) pue ‘poued)d woiy porjddns) soueiquiow
‘3 pue g snneday ‘pajeredas sem aueIqUIAW A Pazi[Lo)s-uoneIpel L1100) e
aznes Aq pa1oro) AIH 10§ S)59) [ed130[010S AN ‘euaoeld oy Jo UONoA0d JYY ‘posyord-tunnoep NV uewmpy onbejsoN
98epueq uorssardwoo
Aq paxiy KDY G718 Kuedwoos ores
pue Suissaip pue Ppajerpel A Uy} pue JudUOd yieay xwew jo jonpoid e 50102
o[y ugered Aq paroao) AN AN Io1eMm 9,6 AJUO 0) paup 9zaa1]  :(eueiquidwolyg) NV paziiydoA NV uewng Te 10 AIpy
“pourewal JoAe| juaredsuen
‘SdH pue M T uelp {OOWS “YSHIYM © [Hun dufes
oUOp Sem pueq pue ADH AIH ‘TIAA QI0W 10 D7 & JojRIdF LYol [ewIou ym A[ySnoior)
azned yym Juissaip 10} PO pue pIod Ul paIo)s pue UIdIuejud3 paysem pue gudde(d pue SUOI)O9S UBAIESILD
pue ‘parjdde sem [EOIIqUIN WY UMBIP Jo 3w ()8 puE duITes [BULIOU uoLoyo woy pajeredas A3 WO paAdIYdE o (46007) Te 10
ozned aumeseA Jo 1A sem o[dures poojq v Sururejuoo jod o) € ur Ing AJo1e01[op Sem JATY YL paAIasalg sejuode[d wolj NV uewny IPRUIWBYOIA]
"pouTBIAL JOAR]
juoredsuen) ypoows
‘ueSnue SgH pue S | UeY) 10w YSHIYM © [IUN SUT[ES
ADH Pue ATH “TIAA 10J Do} 18 J0JRI0S I [ewIou ym A[ySnoior)
Surssarp oznes 10J POy puB PI0d Ul PaIO)S PUB UIOTWEIUST paysesm pue gjuaoe(d pue SUOIO3S UBQILSIBD
Kip pue ozne3 [ed1IquIN WOI} UMEIP Sw (g pue auIes [euLIou uoLoyd woy pajeredss QA1O9[0 SuLnp 1(86007) e 30
OUT[OSBA TJIM PAIIAOD sem o[dures poojq Sururejuod jod 9[19)s B Ul Ing AJo1e01[op Sem JATY UL PpaAIasaIg guooe[d woy ‘A Uewny TPRUIUBYOIA]
uonexij uorury $)S9T, IseIsIq J3e10)§ uorUW Y uone.edaig uoruury dA], uoruwry 921N0S UoIUWY Apms

(panunuod) 'z I19VL

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

750

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



| Trauma Acute Care Surg
Volume 90, Number 4

Yang et al.

Amnion Control Risk Ratio Risk Ratio
_ Study or Subgroup Events Total Events Total Weight M-H. Random,95% CI M-H. Random. 95% CI
amnion vs control
Andonovska 2008 9 30 16 30 26.4% 0.56 [0.30, 1.07] -
Branski 2008 1 53 2 49  7.4% 0.46 [0.04, 4.94] 5
Sharma 1985a 0 5 5 5 6.1% 0.09 [0.01, 1.31] B
Sharma 1985b 0 5 0 5 Not estimable
Subtotal (95% Cl) 93 89 39.9% 0.51 [0.28, 0.92] <&
Total events 10 23
Heterogeneity: Tau? = 0.00; Chi? = 1.89, df = 2 (P = 0.39); 1> = 0%
Test for overall effect: Z = 2.22 (P = 0.03)
amnion vs silver sulfadiazine
Mohammadi 2009a 30 63 40 61 31.2% 0.73 [0.53, 1.00] b
Subtotal (95% ClI) 63 61  31.2% 0.73 [0.53, 1.00] *
Total events 30 40
Heterogeneity: Not applicable
Test for overall effect: Z = 1.98 (P = 0.05)
amnion vs honey
Subrahmanyam 1994 1" 19 4 28 20.6% 4.05[1.51, 10.85] el
Subtotal (95% CI) 19 28 20.6% 4.05[1.51, 10.85] ’
Total events 1 4
Heterogeneity: Not applicable
Test for overall effect: Z = 2.78 (P = 0.005)
amnion vs polyurethane membrane
Adly 2010 1 23 3 23 83% 0.33[0.04, 2.97] -2y [
Subtotal (95% Cl) 23 23 8.3% 0.33 [0.04, 2.97] ———
Total events 1 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.98 (P = 0.33)
Total (95% ClI) 198 201 100.0% 0.77 [0.37, 1.60]
Total events 52 70
it Tau? = 0.42: Chi2 = - - .22 679 I f t t {
Heterogeneity: Tau? = 0.42; Chi? = 15.18, df = 5 (P = 0.010); 1> = 67% 0.001 01 1 10 1000

Test for overall effect: Z = 0.69 (P = 0.49)

Test for subgroup differences: Chi? = 13.47, df = 3 (P = 0.004); 1> = 77.7%

Figure 2. Effect of AM in the treatment of burn wound infection.

Skin-Grafted Burn Wounds

Itching

Itching is a common and unpleasant sensation in burn pa-
tients. From the included controlled trials, one trial discussed the
role of AM in itching experienced by burn patients.” The results
showed that AM, as an adjunct to a split-thickness skin graft,
could significantly relieve the itching sensation in burn patients
(MD, —0.72; 95% CI, —0.96 to —0.48; p < 0.00001) (Fig. 64).
Similarly, the amnion group was also superior to the control
group in the effective rates defined as the absence of itching
(RR, 1.96; 95% ClI, 1.43-2.68; p < 0.0001) (Fig. 6B). However,
more well-designed prospective studies are needed to confirm
this result.

Scarring

Burn scar hypertrophy is a common and distressing condi-
tion that causes physical and psychological trauma to patients
and, thus, reduces their quality of life. The formation of a hyper-
trophic scar has been reported in only one article.” In the analy-
sis of continuity, AM-covered skin grafts seemed to be better
than those with skin staples in preventing scar formation
(MD, —0.72; 95% CI, —0.94 to —0.50; p < 0.00001) (Fig. 6C);
the same held for the analysis of dichotomy (RR, 13; 95%
CIL, 0.75-225.2; p = 0.08) (Fig. 6D).

Duration of Graft Take

One of the three studies reported on the duration of graft
take between the AM and control groups,'® and the result was
encouraging. The mean duration of graft take was 6.98 days in
the amnion group and 13.9 days in the control group, with a

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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statistically significant difference (MD, —6.92; 95% CI, —7.49
to —6.35; p < 0.00001) (Fig. 6E).

Quality Assessment

Supplemental Digital Content (Supplemental Figure, http://
links.lww.com/TA/B863) shows the quality of the included stud-
ies according to the Cochrane risk of bias method. The overall
quality of studies was rated as moderate to high. The majority
of these studies were at unclear risk with respect to the methods
of randomization and allocation concealment. In addition, be-
cause of the recognizability of amniotic dressings, it is difficult
to blind the participants, so most were not double-blind studies.

DISCUSSION

This meta-analysis provided an overview of the efficacy
and acceptability of AM in the treatment of burn wounds. We
identified 11 trials comparing AM with conventional methods
and other treatments, involving 816 patients with burns. Because
acute burns can result in wound infection, severe pain, and high
cost, the effects of AM on burn-related infection and pain,
healing time, and expense were discussed.

Among the outcomes that could be quantitatively ana-
lyzed, AM was found to be significantly more effective than
conventional methods in reducing bacterial invasion, decreasing
the number of dressing changes, relieving itching, and shorten-
ing the healing time of burn wounds. Amniotic membrane dress-
ings were more effective than silver sulfadiazine in reducing
bacterial invasion, pain, dressing changes, treatment cost, wound
healing time, and duration of hospitalization. Patients treated
with AM seemed more likely to experience painless and shorter
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A Amnion Silver sulfadiazine Mean Difference Mean Difference
_ Study or Subgroup Mean SD Total Mean SD_Total Weight IV. Random. 95% Cl IV. Random, 95% CI

before dressing

Mohammadi 2009a 2.08 151 104 443 1.9 107 27.1% -2.35[-2.81,-1.89] -

Mohammadi 2009b 216 1.8 63 4.5 1.7 61 24.8% -2.34 [-2.96, -1.72] B

Subtotal (95% Cl) 167 168  51.9%  -2.35[-2.72, -1.98] *

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.98); I = 0%

Test for overall effect: Z = 12.44 (P < 0.00001)

after dressing

Mohammadi 2009a 39 238 104 7.4 1.85 107 25.4% -3.50 [-4.08, -2.92] -

Mohammadi 2009b 42 26 63 7.9 1.6 61 226%  -3.70 [-4.46, -2.94] -

Subtotal (95% CI) 167 168 48.1%  -3.57 [-4.03, -3.11] L 4

Heterogeneity: Tau? = 0.00; Chi? = 0.17, df = 1 (P = 0.68); I = 0%

Test for overall effect: Z = 15.27 (P < 0.00001)

Total (95% Cl) 334 336 100.0%  -2.95[-3.65, -2.25] >

Heterogeneity: Tau? = 0.42; Chi? = 16.83, df = 3 (P = 0.0008); I* = 82%
Test for overall effect: Z = 8.25 (P < 0.00001)
Test for subgroup differences: Chi? = 16.66, df = 1 (P < 0.0001); I* = 94.0%

4 2
Favours [amnion]

0 2 4

Favours [silver sulfadiazine]

B Amnion Control Risk Ratio Risk Ratio
Events Total Events Total Weight M-H. Random, 95% Cl M-H. Random, 95% CI
amnion vs silver sulfadiazine
Mostaque 2011 43 51 1 51 33.4% 3.91[2.29, 6.69] -
Subtotal (95% Cl) 51 51 33.4% 3.91[2.29, 6.69] 2
Total events 43 11
Heterogeneity: Not applicable
Test for overall effect: Z = 4.98 (P < 0.00001)
amnion vs honey
Subrahmanyam 1994 8 24 20 40 31.8% 0.67[0.35, 1.27] g
Subtotal (95% Cl) 24 40 31.8% 0.67 [0.35, 1.27] "
Total events 8 20
Heterogeneity: Not applicable
Test for overall effect: Z = 1.23 (P = 0.22)
amnion vs polyurethane membrane
Adly 2010 19 23 12 23 34.8% 1.58 [1.03, 2.44] .
Subtotal (95% Cl) 23 23 34.8% 1.58 [1.03, 2.44] <
Total events 19 12
Heterogeneity: Not applicable
Test for overall effect: Z =2.08 (P = 0.04)
Total (95% Cl) 98 114 100.0% 1.63 [0.65, 4.07]
Total events 70 43
Heterogeneity: Tau? = 0.58; Chi2 = 17.73, df = 2 (P = 0.0001); I = 89% Io.m 0?1 ] 1‘0 100‘

Test for overall effect: Z = 1.04 (P = 0.30)

Favours [amnion] Favours [control]

Test for subgroup differences: Chi?= 17.42, df = 2 (P = 0.0002); I> = 88.5%
Figure 3. (A), Effect of AM in the treatment of burn wound related pain. (B), Treatment response rate of AM in burn wound related pain.

healing time than those treated with polyurethane membrane,
but the treatments were equally effective in reducing bacterial
invasion. However, AM was less effective than honey in reduc-
ing bacterial invasion, pain, scarring, and healing time. For
skin-grafted burn wounds, AM-covered skin grafts significantly
relieved the itching sensation, prevented scar formation, and
shortened the mean duration of graft take. In addition, there were
no reports of AM-related disease transmission or rejection in the
included articles.

In general, the AM products in most of the articles were
self-prepared and self-stored human AM. The most commonly
used method of AM storage was to place it in a sterile pot con-
taining normal saline and 80 mg/L of gentamicin and store it
in a refrigerator at 4°C, which is a relatively easy procedure. Be-
cause of the light, thin, elastic, adhesive, and easily moldable
characteristics of AM, the membrane adheres to itself when
smoothly placed on the wound. In the majority of cases, petrola-
tum gauze and/or dry gauze dressings have been used to secure
the amnion to the wound. Regular testing (at 1- to 7-day inter-
vals) of the wound and dressing are then done to determine
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whether to replace the dressing. Therefore, in clinical practice,
AM could be stored in an operating room, outpatient room, or
inpatient ward. The application of AM is also simple, and mon-
itoring the dressing is convenient for medical staff. The main
concern with AM is the potential for disease (such as human im-
munodeficiency virus, hepatitis C virus, or hepatitis B virus)
transmission and unpleasant smell, but these issues can be
prevented by screening for viral markers and changing the dress-
ing.> However, in the literature review, there were no reports of
AM causing disease transmission or odor complaints.

The majority of included studies were conducted in low-
or middle-income countries. These countries are where the bur-
den of burn morbidity and mortality is largely concentrated and
where, as outlined by the World Health Organization, more than
95% of the 300,000 fire-related deaths occur annually.' In de-
veloping countries, economic considerations are important.
Compared with other biological dressings, AM is relatively
cost-effective in preparation, storage, and application.'® Further-
more, AM use reduces the number of dressing changes needed,
the length of hospital stay, and the infection rate. Furthermore,

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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A

Amnion Control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fi % Cl
Branski 2008 0.67 0.75 9 046 0.54 8 100.0% 0.21[-0.41,0.83]

Total (95% CI) 9 8 100.0% 0.21[-0.41, 0.83]

Heterogeneity: Not applicable _;‘ _'2 (') é 4

Test for overall effect: Z = 0.67 (P = 0.50)

B

Amnion Honey

Study or Subgroup Events Total Events Total Weight

Risk Ratio

M-H, Fixed. 95% CI

Favours [Amnion] Favours [control]

Risk Ratio
M-H. Fixed. 95% CI

Subrahmanyam 1994 20 24 37 40 100.0%
Total (95% CI) 24 40 100.0%
Total events 20 37

Heterogeneity: Not applicable
Test for overall effect: Z=1.03 (P = 0.31)

0.90 [0.74, 1.10]

0.90 [0.74, 1.10]

0.05

Std. Mean Difference

IV, Random, 95% CI

0

2 1
Favours [amnion]

5

Favours [honey]

Std. Mean Difference

20

C Amnion Control
Study or Subgroup Mean SD Total Mean SD_Total Weight
amnion vs control
Branski 2008 0.5 2 53 6 3 49  50.6%
Subtotal (95% Cl) 53 49  50.6%
Heterogeneity: Not applicable
Test for overall effect: Z = 8.60 (P < 0.00001)
amnion vs silver sulfadiazine
Mostaque 2011 1.33 0.55 51 65.53 18.23 51  49.4%
Subtotal (95% Cl) 51 51  49.4%
Heterogeneity: Not applicable
Test for overall effect: Z = 12.21 (P < 0.00001)
Total (95% CI) 104 100 100.0%

Heterogeneity: Tau? = 3.76; Chi? = 34.16, df = 1 (P < 0.00001); I = 97%

Test for overall effect: Z = 2.54 (P = 0.01)

Test for subgroup differences: Chiz = 34.16, df = 1 (P < 0.00001); I2=97.1%

Figure 4. (A), Effect of AM in the treatment of burn associated scar. (B), Treatment response rate of AM in burn associated scar. (C),
Comparison of No. dressing changes between AM group and control group.

Amnion Control
__Study or Subgroup Mean SD Total Mean D T
amnion vs control

|_Weigh

Branski 2008 6 2 53 8 2 49
Subtotal (95% Cl) 53 49

Heterogeneity: Not applicable
Test for overall effect: Z = 4.72 (P < 0.00001)

amnion vs silver sulfadiazine

Mohammadi 2009a 20.7 5 63 3047 859 61
Mohammadi 2009b 95 213 104 143 26 107
Mostaque 2011 1069 3.87 51 1343 5.13 51
Subtotal (95% Cl) 218 219

16.8%
16.8%

16.9%
17.1%
16.9%
50.9%

Heterogeneity: Tau? = 0.48; Chi? = 28.58, df = 2 (P < 0.00001); I* = 93%

Test for overall effect: Z = 3.22 (P = 0.001)

amnion vs honey

Subrahmanyam 1994 175 9.08 24 94 9.08 40 16.3%
Subtotal (95% Cl) 24 40 16.3%
Heterogeneity: Not applicable

Test for overall effect: Z = 3.26 (P = 0.001)

amnion vs polyurethane membrane

Adly 2010 11.909 6.086 23 14.117 6.688 23 16.0%
Subtotal (95% ClI) 23 23 16.0%
Heterogeneity: Not applicable

Test for overall effect: Z = 1.14 (P = 0.25)

Total (95% ClI) 318 331 100.0%

Heterogeneity: Tau? = 0.86; Chi* = 96.46, df = 5 (P < 0.00001); I> = 95%

Test for overall effect: Z = 1.95 (P = 0.05)

Test for subgroup differences: Chi? = 35.49, df = 3 (P < 0.00001); I = 91.5%

B

Amnion Control

Mohammadi 2009a 2,947.6 220.004 63 3,789.07 138.1
Total (95% Cl) 63
Heterogeneity: Not applicable

Test for overall effect: Z = 25.59 (P < 0.00001)

61

61

100.0%

100.0%

-2.16 [-2.65, -1.67]
2.16 [-2.65, -1.67]

-4.94 [-5.73, -4.15]
-4.94 [-5.73, -4.15]

-3.53 [-6.26, -0.80]

Std. Mean Difference
V. Random. 95% CI

IV, Random, 95% CI
| |
L4
=
L 4
P
L L L L
-10 -5 0 5 10

Favours [amnion]

Favours [control]

Std. Mean Difference
IV. Random, 95% ClI

-0.99 [-1.40, -0.58]
-0.99 [-1.40, -0.58]

-1.39 [-1.78, -0.99]
-2.01[-2.34, -1.68]
-0.60 [-1.00, -0.20]
-1.34 [-2.15, -0.52]

0.88[0.35, 1.41]
0.88 [0.35, 1.41]

-0.34 [-0.92, 0.24]
-0.34 [-0.92, 0.24]

-0.76 [-1.52, 0.01]

-

<

-

Mean Difference
-841.47 [-905.91, -777.03]

-841.47 [-905.91, -777.03]

4

-2 0

Favours [amnion]

2

Favours [control]

Mean Difference

1V, Fixe:

95% Cl

*

~1000
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Favours [amnion]
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Favours [control]

1000I

Figure 5. (A), Comparison of healing time between AM group and control group. (B), Comparison of average expenses between AM

group and control group.
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A Amnion Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% ClI IV, Fixed, 95% CI
Mohammadi 2017 0.92 0.57 54 164 07 54 100.0% -0.72[-0.96, -0.48]
Total (95% Cl) 54 54 100.0% -0.72[-0.96, -0.48] *
Heterogeneity: Not applicable :4 _:2 6 é ‘:1
Test for overall effect: Z = 5.86 (P < 0.00001) Favours [amnion] Favours [control]
B : B B
Amnion Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
Mohammadi 2017 47 54 24 54 100.0% 1.96 [1.43, 2.68]
Total (95% Cl) 54 54 100.0% 1.96 [1.43, 2.68] <&
Total events 47 24
Heterogeneity: Not applicable ! ! : ' !
o 0.01 0.1 1 10 100
Test for overall effect: Z=4.18 (P < 0.0001) Favours [amnion] Favours [control]
C A A A
Amnion Control Mean Difference Mean Difference
_Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Fixed. 95% ClI 1V, Fix % Cl
Mohammadi 2017 1 047 54 1.72 0.68 54 100.0% -0.72[-0.94, -0.50]
Total (95% CI) 54 54 100.0% -0.72[-0.94, -0.50] 2
Heterogeneity: Not applicable -it _’2 (') é i
Test for overall effect: Z = 6.40 (P < 0.00001) Favours [amnion] Favours [control]
D ) : . . )
Amnion Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed 95‘% Cl
Mohammadi 2017 6 54 0 54 100.0% 13.00[0.75, 225.20] 7
Total (95% CI) 54 54 100.0% 13.00 [0.75, 225.20] T
Total events 6 0
Heterogeneity: Not applicable 0.001 01 1 10 1000

Test for overall effect: Z = 1.76 (P = 0.08)

E

Favours [amnion] Favours [control]

Amnion Control Mean Difference Mean Difference
__Study or Subgroup _Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Mohammadi 2013a 6.98 1.35 54 139 1.66 54 100.0% -6.92[-7.49, -6.35]
Total (95% Cl) 54 54 100.0% -6.92 [-7.49, -6.35] 2
Heterogeneity: Not applicable 10 5 0 5 10

Test for overall effect: Z = 23.77 (P < 0.00001)

Favours [amnion] Favours [control]

Figure 6. Skin grafted burn wounds. (4), Effect of AM in the treatment of itching. (B), Treatment response rate of AM in itching. (0),
Effect of AM in the treatment of scar. (D), Treatment response rate of AM in scar. (E), Comparison of mean duration of graft take between

AM group and control group.

the economic benefits become more prominent, which also in-
creases patient and guardian compliance.

A strength of our meta-analysis is that we performed sub-
stantially extensive searches. To reduce the potential bias, two
reviewers independently performed searches, scanned through
the search output, extracted data, and evaluated the quality of
each trial. In addition, we included analysis of data on wound in-
fection, pain, itching, scarring, and healing time, all of which are
clinically relevant parameters that are important for clinicians in
making appropriate treatment choices.

Several limitations should be addressed, however. First,
because of the heterogeneity of the trials and limited data
reporting, data analysis for each parameter was restricted, which
may have limited our ability to reveal the potential therapeutic
effect of AM on burns. An important concern for doctors is
the timing of the use of AM on a burn wound. In the included
reports, the time between wound occurrence and AM use was
not consistent, and it was not described in most of the trials.
Therefore, we have no idea about the relationship between the
initial time of use of AM on burn wounds and its therapeutic ef-
fect. This is a question that future research should address.
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Second, almost all of the RCTs included in this review were con-
ducted years ago, and thus, the comparison groups did not al-
ways receive standard “modern burn care,” which leads to a
very high risk of bias toward AM as an intervention. In addition,
silver sulfadiazine is a suboptimal treatment strategy for burn
wounds and is rarely used in second-degree/partial thickness
burns today. Perhaps more trials comparing AM with modern
burn care or other novel biological dressings are needed to guide
clinical treatment. Third, most of the included trials did not provide
details on randomization and allocation concealment. Because of
the recognizable characteristics of AM dressings, most of the trials
were not double blinded, potentially leading to a high risk of bias.

In conclusion, our investigation revealed the beneficial
roles of AM in the treatment of burn wounds. Given the limita-
tions of currently available clinical studies and the promising
positive impacts of AM on burn wounds, further robust RCTs
are needed to strengthen our conclusions.

AUTHORSHIP

C.Y. and H.Y. initiated the study concept. C.Y. and A.b.X. developed the
search strategy. C.Y., Ab.X., X.c.H., and X.L.T. performed the literature

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



| Trauma Acute Care Surg
Volume 90, Number 4

Yang et al.

search, screened the literature, and appraised the selected publications. C.Y.,
X.b.D., and H.Y. performed the data analysis. C.Y., X.c.H., X.L.T., and Y.L.
interpreted the results of the systematic review. C.Y. drafted the article,
and H.Y., Ab.X., and C.Y. read and revised the final version of the article.

DISCLOSURE

The authors declare no conflicts of interest.

REFERENCES

1. Norman G, Christie J, Liu Z, Westby MJ, Jefferies JM, Hudson T, Edwards J,
Mohapatra DP, Hassan IA, Dumville JC. Antiseptics for burns. Cochrane
Database Syst Rev. 2017;7(7):CD011821.

2. Yang C, Xu XM, He GZ. Efficacy and feasibility of opioids for burn analge-
sia: an evidence-based qualitative review of randomized controlled trials.
Burns. 2018;44(2):241-248.

3. Mohammadi AA, Seyed Jafari SM, Kiasat M, Tavakkolian AR, Imani MT,
Ayaz M, Tolide-ie HR. Effect of fresh human amniotic membrane dressing
on graft take in patients with chronic burn wounds compared with conven-
tional methods. Burns. 2013;39(2):349-353.

4. Mostaque AK, Rahman KB. Comparisons of the effects of biological mem-
brane (amnion) and silver sulfadiazine in the management of burn wounds in
children. J Burn Care Res. 2011;32(2):200-209.

5. Mohammadi AA, Eskandari S, Johari HG, Rajabnejad A. Using amniotic
membrane as a novel method to reduce post-burn hypertrophic scar forma-
tion: a prospective follow-up study. J Cutan Aesthet Surg. 2017;10(1):13-17.

6. Adly OA, Moghazy AM, Abbas AH, Ellabban AM, Ali OS, Mohamed BA.
Assessment of amniotic and polyurethane membrane dressings in the treat-
ment of burns. Burns. 2010;36(5):703-710.

7. Clare G, Suleman H, Bunce C, Dua H. Amniotic membrane transplantation
for acute ocular burns. Cochrane Database Syst Rev. 2012;(9):CD009379.

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

11.
12.

15.

16.

. Andonovska D, Dzokic G, Spasevska L, et al. The advantages of the ap-

plication of amnion membrane in the treatment of burns. Prilozi. 2008;
29(1):183-198.

. Branski LK, Herndon DN, Celis MM, Norbury WB, Masters OE,

Jeschke MG. Amnion in the treatment of pediatric partial-thickness facial
burns. Burns. 2008;34(3):393-399.

. LoV, Pope E. Amniotic membrane use in dermatology. Int J Dermatol. 2009,

48(9):935-940.
Sabella N. Use of fetal membranes in skin grafting. Med Rec NY. 1913;83:478.

Mohammadi AA, Sabet B, Riazi H, Tavakkolian AR, Mohammadi MK,
Iranpak S. Human amniotic membrane dressing: an excellent method for out-
patient management of burn wounds. /ran J Basic Med Sci. 2009;34(1):61-64.

. Liang X, Zhou L, Yan J. Amniotic membrane for treating skin graft donor

sites: a systematic review and meta-analysis. Burns. 2020;46(3):621-629.

. Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Inter-

ventions Version 5.1.0 [updated March 2011]. London, United Kingdom:
The Cochrane Collaboration; 2011.

Sharma SC, Bagree MM, Bhat AL, Banga BB, Singh MP. Amniotic mem-
brane is an effective burn dressing material. Jpn J Surg. 1985;15(2):140-143.
Mohammadi AA, Riazi H, Hasheminasab MJ, Sabet B, Mohammadi MK,
Abbasi S, Amini M. Amniotic membrane dressing vs conventional topical

antibiotic dressing in hospitalized burn patients. /ran Red Crescent Med J.
2009;11(1):66-70.

. Subrahmanyam M. Honey-impregnated gauze versus amniotic membrane in

the treatment of burns. Burns. 1994;20(4):331-333.

. Mohammadi AA, Johari HG, Eskandari S. Effect of amniotic membrane on

graft take in extremity burns. Burns. 2013;39(6):1137-1141.

. Bose B. Burn wound dressing with human amniotic membrane. Ann R Coll

Surg Engl. 1979;61(6):444-447.

755

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



