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N.A. Chulakova, A.F. Potapov, A.A. lvanova
PROADRENOMEDULLIN AS A BIOMARKER
OF COVID -19 POOR OUTCOME:
META-ANALYSIS AND SYSTEMIC REVIEW

The aim of this study was to analyse and summarise all researches about proadrenomedullin (pro-ADM) prognostic value as covid-19 severity
and mortality early predictor. After a literature search and selection, we found 19 articles eligible to inclusion in a meta-analysis. We found pro-ADM
had significantly high values in patients both admitted to the general department and ICU-patients with unfavourable outcomes. The Pro-ADM
measurement in the admission or early stages of the hospitalisation can be used for the patient’s risk stratification, to making a decision and a

differential treatment approach.

Keywords: coronavirus disease COVID-19, biomarker, proadrenomedullin, severity score, mortality prognosis.

Introduction. The objective assess-
ment of the disease severity and out-
come prediction are essential compo-
nents to make a decision in the patient’s
management and appropriate treatment
definition. Stratification problems and pa-
tient’s transferring based on the disease
severity and the risk of unfavourable out-
comes acquired crucial and priority when
there are large number of cases and in-
evitable excessive burden on healthcare
systems. These requirements are par-
ticularly relevant in diseases with a wide
variability of clinical course and rapidly
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developing severe complications, an ex-
ample of which was the new coronavirus
infection COVID-19.

Currently, different prognostic scales
(APACHE II, SOFA, SAPS Il, CURB-65,
NEWS) and laboratory biomarkers (leu-
kocytes and platelets level, D-Dimer,
C-reactive protein (CRP), Interleukin-6,
Interleukin-10, Tumor Necrosis Factor-
a, procalcitonin and etc.) are used in the
Covid-19 severity assessment [8]. How-
ever, none of these scale and laboratory
tests has any benefits in Covid-19 prog-
nostic effectiveness with low sensitivity
and specificity, it requires further search-
es of reliable predictive biomarkers of
disease’s severity.

Covid-19  pathways investigation
found the key role of endothelial damage
which correlate with infection’s severity
[16]. Therefore, findings of early indica-
tor with high predictive value considering
covid-19-associated endothelitis are rea-
sonable. One of the newest biomarker is
adrenomedullin (ADM) — hormone with
cytokine-like effects, it consist of 52 ami-
no acid peptide and released by endo-
thelial and vascular smooth muscle cells
and widely distribute in tissue and this
production increased during infections
[1]. ADM has vasodilative immunomod-
ulate and anti-inflammatory effects, it's
used as early marker in lower respirato-
ry tract infections, community-acquired
pneumonia and sepsis [2]. ADM has low
metabolic stability and brief half-life, its
splits in 1:1 ratio with precursor called

mid-regional proadrenomedullin (pro-
ADM) and it can proportionally represent
the ADM level and it is used in tests. The
biomarker showed direct correlation with
increased procalcitonin level and prog-
nostic scales (APACHE I, SOFA, SAPS
I, CURB-65, NEWS). The Pro-ADM lev-
el in sepsis and septic shock were 1,8
(0,4-5,8) nmol/L and 4,5 (0,9-21,0) nmo-
I/lL respectively [2,4]. In several single
studies pro-ADM level interpretation and
combination with other biomarkers and
scales demonstrated efficiency in mak-
ing a decision about admission in ICU or
save transferring out, antibiotics escala-
tion or de-escalation and poor prognosis
prediction [1].

In view of the above, our research
summarised current studies to evaluate
proADM as an early biomarker of severity
and mortality predictions.

Purpose of the study was combined
and analyse articles to assess pro-ADM
prognostic ability as an early marker of
severity and mortality in Covid-19 pa-
tients.

Materials and Methods. In PubMed,
EMBASE (Experta Medica), Cochrane
Central Register of Controlled Trials,
Scholar Google and e-library we se-
lected article were had been published
in English and Russian till 25.11.2022
with pro-ADM levels, severity and out-
comes information. The search strategy
was used with key words and combi-
nations: «new coronavirus infectiony,
«COVID-19», «predict», «midregional
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proadrenomedulliny, «proadrenomedul-
lin» and Russian translations.

Eligibility criteria were clinical trials
with covid-19 confirmed diagnosis, adults
only (18 years old and more).

Exclusion criteria were case studies,
clinical trials with less than 5 patients,
preclinical studies, opinion articles, the-
sis, studies with pregnant or patients with
decompensation chronic diseases.

For quality assurance the manual ar-
ticle selecting was used following PRIS-
MA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses,
www.prisma-statement.org). All included
studies had patients’ characteristics, lab-
oratory data, course of disease and out-
comes. For all patients the measurement
of pro-ADM was performed in the plasma
by TRACE technique (Time-Resolved
Amplified Cryptate Emission, KRYPTOR
«BRAHMS»).

All article were divided on two main
groups: 1 group include patients admitted
to hospital in the general (or infectious
diseases) department and 2 group with
severe or critically ill patients admitted to
the ICU. In each group the proADM level
in the survivors and the deceased was
compared. In all studies, the main char-
acteristics, laboratory data and assess-
ment by scales (SOFA, NEWS, CURB-
65) at admission were collected.

The meta-analysis was conducted
according to the Cochrane Collabora-
tion recommendations using the Review
Manager (RevMan) program, version
5.4.1 (2020). The meta-analysis included
eligibility studies: patients were already
separated or they could be grouped into
two - survivors and non-survivors; each
group had information about total popula-
tion number, pro-ADM mean level on the
1st day of hospitalization with standard
deviations and 95% confidence interval
(Cl) (or these indicators were converted
by us on the website math.hkbu.edu.hk,
from available data — sample size, medi-
an, maximum, minimum and interquartile
interval); statistical significance set up at
p<0.05. The calculation of the weighted
average (arithmetic) is also carried out.

Heterogeneity was evaluated by x?
(Chi square) with considered level of
p-value 0,10 and I? index with values
for heterogeneity level indication were
0-40%-low, 30-60% - moderate, 50-90%
- significant, 75-100 — high [5]. To as-
sess overall mean difference (MD) fixed
effects model was chosen for moderate
heterogeneity, and a random effects
model was chosen for significant hetero-
geneity. To assess the publication bias in
the meta-analysis with 5 or more studies,
a funnel-plot was constructed. The as-

sessment of methodological quality was
carried out according to the Russian ver-
sion of the Newcastle-Ottawa scale for all
studies included in the meta-analysis [7].

Result and discussion. After system-
ic literature search using keywords, 68
publications were selected from a total of
572 references, after initial screening and
removing de-duplication publications, 28
articles (5 Russian and 23 foreign stud-
ies) were selected. Further selection and
check of these articles, 19 articles (3
Russian and 16 foreign studies) were in-
cluded in the meta-analysis (Fig. 1).

Among selected articles (n=19), 3681
patients were analysed: 3096 patients
admitted in the general department and
585 ICU patients.

Meta-analysis of studies with general
department patients. 3096 patients ad-
mitted in the general department were
enrolled, 580 patients deceased (mortal-
ity rate was 18,7%). After synthesis the
weighted average pro-ADM level in sur-
vivors was 0,83 nmol/L, in non-survivors
was — 1,57 nmol/L, the mean difference

Records screened, n=28

(MD) was statistically significant MD = -
0,87 (95% CI: -1,08, -0,67), p<0,00001.
Heterogeneity was significant (1>=86%, x>
=76,4, p<0,00001) (Fig. 2,4).

Meta-analysis of studies with ICU pa-
tients. Meta-analysis incorporated 585
ICU patients (169 deceased with mor-
tality rate 28,9%). The weighted aver-
age pro-ADM level in survivors was 0,90
nmol/L, in non-survivors was — 2,11 nmo-
I/L, the mean difference was statistically
significant, MD = - 0,71 (95% CI: -0,80,
-0,61), p<0,0004. In contrast with results
of group with patients hospitalized in the
general department, the heterogeneity of
the data in ICU patients was moderate
(1*=44%, x>=10,68 p=0,10) (puc. 3, 4).

Therefore, result of the meta-anal-
ysis shows that the level of pro-ADM in
non-survivors is significantly higher than
survivors in both patients of the general
department (p<0.00001) and ICU pa-
tients (p<0.0004). It should be noted that
the values of pro-ADM in ICU patients
with severe COVID-19 are initially higher
even in survivors.

Duplicate records
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Records excluded
Thesis n=2 .
Meta-analysis n=3

e
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‘g Pubmed, n=128
Google Scholar n=399
% Cochrane study register n=15
= Embase n=8
= Elibrary n=22
— -
Records identified from
Databases n=68
2 l
L
=
£ .
=2

- |

Full-text assessed to
eligibility

£
g n=23
7]

I

— Studies included in
review, qualitative
analysis n=21

% l

]

=

= - :
Studies included in meta-
analysis, quantitative
analysis n=19

e

Fig. 1. PRISMA Flow diagram

Reports excluded
Different technique of
pro-ADM measurement,
n=1

Different outcome, n=1




2' 2023

uonorpard swosino 100d pue Jou 10 paou Juounredop (870 [L1] 220z [euoneu
uonezifendsoy - dnoi3 ojur uonesynens 1160 . KouoSow 767/986 0207 1udy-yoren aAndadsonay IO e 30 “q 01Z0
10§ passasse HA'T Pue 0¥ ‘WAV-01d 98L0 4 $LT1 IEe H 008
PISSOSSE PAdU AN PUB UOISSIWPE D] d (zzo
"S101ed1puI [[& SuowE ST [@I60-9LL0) v8°0| M ianany 0€/501 020¢ dung-udy B odsons | sin e 1 ﬁ@wm@m
anyea snsousord pey NQV-01d Pue £ID A[UO Sel :
. ‘uredg
9seasIp Ay Jo uoissaidoid ay) Funorpaid . o . Juawredop (1v1) ) [eUONBAIISqO . :uﬁ. 1c0c e
QIOAQS-UOU PUB AIIAIS U2IM)Aq uoneredog 10T | (556°0°628°0) S06°0 [eIoUAD) HWW\H.MM 020C 1MdV - Y2Iey JAnadsorg ﬁ%-%xﬂ—@ﬁﬂ%@h
Fv1) ‘
SI10Jed1pUl [[B . o . Juauredop g [eUONBAIISQO [9] 0707 ‘BMI904
Suowre doueoyugis onsougoid 3soy3iy oy, $68°0 | (160—650)SL0 [e1oU2D) vw\@mm 020€ ung-Ley aAndadsoig “dr u "y'7 gonoy|
Juaunredop (©0¢) [eUONBAIISqO [82] zZ0T “ATent
Passasse paatl AINI/AIN SOT'I ¢80 Kousgrowryg hm\wmmm 0T0T 19quaod-[udy aAnoadsonay “[& 19 AL LIIUIA
o 0SB 80 | (b680-LL0)Teg0 | oakedop e 020 190100-1sn3n aanoadsor T
UONR[1I0D PRy [9A9] N V-01d v 4 [e1oUdD) 4 m\mmm 0z g v : d ﬁ.om-mnm\wvmﬂu op
[0A9] JNQV-01d Jo Ayiqerrea opim L1 (66'0-98°0) S6°0 yuounredap W.\N@N 020T [eUOnNBAISSqO [11] 120T “ATP3]
‘soIpm3s [[e Suowre [9AJ] N V-01d 1saySiy oy ], [e1oU2D) o1 129030 -loquiydag dandadsonay “le 10 'g 0sses 0]
Kyreyiow pue AJLI0A9S (pIm or'T ) juowredop Mw\mm 0202 oAnadsolg [6] 1207 ‘ureds
UOTIB[OLIOD paMOYs 3 ‘urjayjopuaotd yip KouoZiowyg 01z un( -yoIej : “Ie 39 Y ZOpPUIN
SSOUOANIIQIJO 00'] 6L°0 juounredop A_ﬁm.wmw 0202 [eUONBAIISqO [szl 120T
onsoudord pamoys 31 ‘undodod Y [e1ouan) o1l aung -yoJejN dandadsonay ‘ATel] “Te 30 Y 1Ipu[
L Aep uo pasealour anjea (€1) .
01T " . ) . Juownredap 0202 1990120 [euoneAIssqo [92] zzoT Aren
ousouzold INAV-01d "MO] St b0l (¥6:0-6L°0) L8'0 [e19ULD) C1/L8 -Areniqo g aAnoadsorg ‘[e 39 " uoI3ueN
anjea dnsoudoid 31 ‘UOIJINUI-A YA\ 001 : S
PasBa00p Ul PIseaIou] d (zLn) £
£ d . . Judunedop dv-Ar [euonealasqo | [6T] 10T A1
wccsﬁnMmﬂwmﬁw%mmwmmmﬂzmm-am €60 BLO [BIDURD) Dm\m - 0C0T IHEV-HENadd aanoadsoig [e 30 *D oueLoSa1n
(oye1 Ky11R3I0WT) Anuno)
sSurpur q\%oﬂw ASWNMMQV juaunredoq PasBa09P/SIOATAINS poLd Apmys yo odAL () §
¥ syuoned Jo JequnN Joyny

SISA[RUB-B)IW JY) Ul PIPN[IUT SI[IIJIE JO SINSLIIJIRIRYD UIRW Y],




L
URNA!
. UT MEDICAL JO
YAK

ificant het-
ignifican .
) note sign infectious
| to the e-
It's essentia tients of to the re
o a is due n
ty in p %) is 1],
Sopartmont (286 "L e o ADM
© departm nted by |ueS Of p come
o rese e va le out
g sults pthe averag nfavorab mounted
= 8 o which with an -uher and a § mor-
— ; 80 2 5 in patients ly hig studie e
= g5 = ERS = Inp noticeably reviewed s h, in thre
o g S £ 2 |58 S| were rollL. In reviewec nop. 15]. The
v g g £ 53 2 £Eg 3 2:62 te in the d 50% [3, 1 f the gen-
= g - g = X S ESk e tality rat exceede atients o ears,
s |2 5o | 3 g X 2 Ess| - studies it ex ent varied 533 to 67 709
s g U 5 3 25 = | § = = age med'iment Va”fdnts - 63,3 ;c;nera'
S 22 | = 25| & = oG o ERlE: 22| 5 | depa U patie in the cu
S 2 2 253 | € 2 5% e £ | 55| 2 era ong IC ailed (in th the |
S5 BEz 2.2 28 o5 SR 5 5 years, ent were 51, tic review
SE |O& 2| 2% e-= 58 2 £ z epartm 7%). e, comon
28 b= 55 E= & £ & £ | = 3 8 d re 67,4-87, of our sys the con s
23 | % Ex | B3 2 ° E = | we et i hich pres-
E 2 g gﬁ a & :5,40:') The _ana|yS|S ches’ W values
=R £52| S 2 g meta esear in the
LRk 22 Gons o icant aifrenc n deceased
She=! £ & 8= g = o S signi IC2 rviving ta-ana ;
k=) = 8% f—’ ..g (=] — ent a -ADM in Suin the me mean dif-
3 z & 5 of pro s e survivors
= S - atients. truccio e mong was
Z = P G. Mon -ADM a atients t-
= - : - of ce of oS 1CU b -0.65, het-
2 —~ 0 ferenc on'SuNIVo Cl:-1.26, 5]. LIF.)pI
o0 PN o = sn 5% 1) 2
_ *® S o T J versu I'L (9 000 is with
S = mo <0.0 lysis
3 < ¢ g - 0.96 ni ’=0% p eta-a”aycu—ad'
. = S ogeneity ted the m mes (I inva-
=) = = - er onduc outco rapy, in '
o S ; g = t al. c rable tthe pi-
. ) S . S 3 = e ixed-unfavo Iacem(?n acute res
= < S P mIXe_ n, renal rep entilation, th) and the
— o 5 ission, ical v dea n dif-
2 S > g 5 sive mechan syndrome(j the mea ble
) = ) = 04_. SIVi istress ined — ora
S o [; 3 % S - oé g ratory dISIJIt was Obtalpavoraue/fg\{_ 0.42-
2 S . g 58 | £ g foronce. betwoon nmolt (95°% <0.001)
° 2 3 g 2> é E ferencees was O'G?ty "=81% n‘:IDSas et
o 5 o= z 5 g 5 outcom ogeneity | by La thelial
= S =g 5 g 93, heter ta-analysis ut endo a
| b - z's Z = 0. ’ meta- . abo ICU pa-
— 5 O = =] o =] The tudies ong he
§E 5§ S = [18]. ded s ers amo of t
% = g ‘Qa) - oo al. InC“:ion bioma(rjkthe efﬂclencgletween
(D_ag‘ 2 = e a3 ¥ dySfUnC|so showe o diffel'ence71 nmol/L,
= =1 F ARSI T ients, a mea s 0. 9].
— 825 |2 L= tien (the ivors wa =0.02) [2
_ =% =0& | %g pro-ADMaSed/sUrV'V mol/L, p=0. easured
A aNSH dece 1.20n ere m ot-
O@ l\g « — theo/ Cl: 0227 ro-ADM w se was n in
=5 nae TX 95% addition, p d its increa disease i
S —tZ g | = v times. o jon of {he disease n
SN ) Q o era ress O] In d
f = S’ o S N sevi . h the prog 15 27' 3 Correlate
— - 5 2 ed wit dies [12, ’DM was igh level
Q tu -A hig .
o © = es f pro : rs ( a)
5 S £ : some level of pro- dicato topeni
S S 2z 2 & ies high severity in lymphocy SOFA
. g T | 3 S I e os of APACHE Il »
o 5 o E < - g f CRP, LDH, s of in-
[} = ©n 172} X ore |
. . 2 = | all e e o ao.
& 2 £ T § 3 = scales. me Studies\’( interfero?; [tel'f;ﬂnal
) =3 g > n so as y- : [ . d
E E s s = o lti ated such ndothelin [gloglobl_n and
= 5 “ T | ¢F 2 ves'g [26], proe methem reviewe
= | 3 - =5 | 22| ¢ peplin omogiob 2] nostic
< E 5% | 38 2 endo lobin lity prog n-
o3 S g s g5 e pro yhemog morta re demon
- > g £ 25 £2 | £ carbox pro-ADM alvsts were ¢ speci-
3 | 0% 8.2 c 3 =3 tudies OC-an itivity an ried
03 >3 2] O ~ s ith R sens UCva
2E | 2% 52 gc 2 © alue w highest sen tors (A
2 g 32 23 £ = ; strated the ther predic in-
g% 2z 3 28 : 55 ?i::rity among o mended the the
E é gé =3 - 5 ) m§ 0730 0,95u)t'horS recorgurement r']';n a
25 | & 2 z |22 S5 | or3pos Sgnostic. complox. w
=o = <5 o8 25 lusion pro nostic ¢
X - R s g I\ ES C _ dlag
5 | g <8 =8 55| 29 £ g required
HN - - N 4—'\_4 ==
= 52 = o EE 2|33 o 52| 3¢
o s <9 =3 B2 ¢ =& | 84
Sy | 28 af | i EENEL
Z8 +HEE 2 2ém | &
Q =8 Eox p=g =g
S < e~ =&z
=» =3
<D




22023 AW =

BbixuBLIME Ymeplumne Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Atallah, 2022 0.8 0.34 173 1.88 0.55 8 B.1% -1.0B[-1.44,-0.72] ——
Gregorlano, 2021 0.87 0.3 72 1.58 0.97 17 6.9% -0.72 [-1.19, -0.25] —
Guadlana-Romuakio, 2021 0.79 0.37 327 1.6 1.03 32 B.1X -0.81[-1.17,-0.45] -
Guadlana-Romuakio{2}, 2021 0.73 0.28 B85 157 0.88 14  &.9% -0.84 [-1.30, -0.38] _—
Indirll, 2021 0.84 038 95 1.82 135 21  5.8X -0.98 [-1.56, -0.40] —
Mangionl, 2022 0.82 03 B7 144 054 13 B.BX -0.62 [-0.92,-0.32] -
Mendez, 2021 0.78 038 183 15 05 27 9.8% -0.72 [-0.92, 0.52] -
Minierl, 2022 0.77 0.32 224 167 093 97 9.9x -0.90 [-1.09, -0.71] -
Moore, 2022 0.95 052 105 1.96 0.96 30 B.1% -1.01 [-1.37, -0.65] —-
Popov, 2020 0.78 0.24 B3 1.26 0.67 14  B.2X -0.48 [-0.83, -0.13] -
Sasso, 2021 0.81 0.35 96 2462 054 14  B.9% -1.B1[-2.10,-1.52] -
Sozio, 2022 0.BB 0.39 986 145 0.79 292 10.6X -0.57 |[-0.66, -0.48] -
Total (95% Cl) 2516 580 100.0% -0.87 [-1.08, -0.67] *
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Fig. 2. Meta-analysis results and Forest Plot, general department patients.
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Fig. 3. Meta-analysis results and Forest Plot, ICU patients
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Fig. 4. Funnel Plot of the meta-analysis for assess publication bias

patient is admitted to the hospital. Thus,
Sozio et al. found the high prognostic
significance of pro-ADM in predicting
outcome and making a decision about
hospitalization in the infectious depart-
ment, they proposed to count pro-ADM
blood level [17]. Note that there was oth-
er opinions. For example, Zaninotto et al.
demonstrated no noticeable increase in
prognostic informativeness with pro-ADM
addition: the prognostic significance of
criteria such as age and the index of neu-
trophils to lymphocytes ratio amounted to

AUC was 0.916 (95% CI 0.853-0.979),
but pro-ADM AUC was 0.900 (95% CI
0.827-0.974) [14].

Currently, despite the first positive re-
sults about the high prognostic informa-
tiveness of pro-ADM as an early marker
of an unfavorable outcome in COVID-19
compared with other laboratory indica-
tors, the question of it use as a single or
additional marker remains open.

Conclusion. Results of our me-
ta-analysis indicate prognostic efficiency
of pro-ADM as an early predictor of the

unfavorable outcome of COVID-19. De-
termination the level of pro-ADM as a
promising biomarker with high sensitivity
and specificity in severity and mortali-
ty prediction seems to be optimal at the
early stages preferably at the emergency
department for patients’ stratification ac-
cording to their severity, making a deci-
sion of hospitalization and differentiated
approach of medical care.

Of course, the attractiveness of pa-
tients’s stratification by only one highly
sensitive and specific biomarker is obvi-
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ous, it will improve the quality and effec-
tiveness of diagnosis and treatment, as
well as ensure the economic feasibility
of the entire treatment process. Howev-
er, further studies are required to select
such markers in diseases and particular
in COVID-19. At the same time, it's nec-
essary to conduct further trials, to com-
pare pro-ADM with other biomarkers, to
determine the level of its threshold values
accounting comorbidity, pregnancy and
other groups of patients.

1. Astapovsky A.A. Drozdov V.N., Shikh E.V.,
Lazareva N.B. Adrenomedullin: biologicheskie
funkcii | perspektivy ispolzovania kak biomarkera
v klinicheskoi praktike [Adrenomedullin: biological
functions and prospects for use as a biomarker in
clinical practice]. Terapia [Therapy] 2022; 4:81-90
(In Russ.).] doi: 10.18565/therapy.2022.4.81-90.

2. Kulabukhov V.V., Shabanov A.K., Andree-
va |.V., Stetsiouk O.U., Andreev V.A. Biomarkery
infekcii v optimizacii antibacterialnoi terapii: opra-
vdannye ozhidania [Biomarkers of infection in the
optimization of antibacterial therapy: justified ex-
pectations. Clinical Microbiology and Antimicrobic
Chemotherapy. 2020; 3:175-187 (In Russ.).] doi:
10.36488/cmac.2020.3.175-187.

3. Malinina D.A., Shluik 1.V., Polushin U.S., Af-
anasiev A.A., Stanevich O.V., Bakin E.A. Informa-
tivnost proadrenomedullina u bolnyuh covid-19
tyazhelogo techenia [The informative value
of proadrenomedullin in patients with severe
COVID-19]. Vestnik anesteziologii i reanimatologii
[Messenger Anesthesiology and Resuscitation].
2020; 6:31-38 (In Russ.).] doi: 10.21292/2078-
5658-2020-17-6-31-38.

4. Rudnov V.L., Moldovanov L.V., Astarieva
M.P., Perevalova V.U. Klinicheskoe znachenie
soderzhania proadrenomedullina v krovi u pacien-
tov s sepsisom [The clinical significance of proad-
renomedulin level in blood in sepsis patients].
Vestnik anesteziologii i reanimatologii [Messen-
ger Anesthesiology and Resuscitation]. 16 (5):36-
42, 2020 (In Russ.).] doi: 10.21202/2078-5638-
2019.16-5-36-42

5. Omelyanovskiy V.V, Avksentieva M.V.,
Sura M.V. [et al.] Metodicheskie rekomendacii
po provedeniu meta-analiza [Methodological
recommendations for conducting meta-analy-
sis]. Federalnoe gosudarstvennoe budjetnoe
uchrezhdenie “Centr ekspertizy i kontrolya
kachestva medicinskoi pomoschi” Ministerstva
zdravoochranenia Rossigskoi Federacii (FGBU
“CEKKMP” Minzdrava Rossii) [Methodological
recommendations for conducting meta-analysis.
The Center for Healthcare Quality Assessment
and Control of the Ministry of Health of the Rus-
sian Federation, Moscow 2017: 28 (In Russ.).] —
EDN PRPXHH.

6. Popov D.A., Borovkova U.L., Ryubka M.M.,
Ramnenok T.V., Goluhova E.Z. Prognostich-
eskaya cennost proadrenomedullina pri covid-19
[Predictive value of proadrenomedullin in patients
with COVID-19]. Anesteziologiya i reanimatologi-
ya [Russian Journal of Anaesthesiology and

Reanimatology]. 2020; 2(6): 6-12 (In Russ.).]
doi:10.17116/anaesthesiology20200626

7. Rebrova O.U., Fedyaeva V.K. Voprosnik
dlya ocenki riska sistematicheskih oschibok v
nerandomizirovannyuh  sravnitelnyuh issledo-
vaniyah: russkoyazuychnaya versia schkaly
Nukasl-Otava [The questionnaire to assess the
risk of systematic bias in non-randomized com-
parative studies: the Russian-language version
of the Newcastle-Ottawa scale]. Medicinskie
technologii. Ocenka | vyubor. [Medical Technol-
ogies. Assessment and Choice] 2016; 3: 14-19
(In Russ.).]

8. Scherbak S.G., Kamilova T.A., Golota A.S.,
Vologzhanin D.A. Factory riska tyazhelogo tech-
enia i letalnogo ishoda covid-19 [Risk factors of
the severe course and fatal outcome in COVID-
19]. Fizicheskaya i reabilitacionnaya medicina,-
medicinskaya reabilitacia [Physical and rehabil-
itation medicine, medical rehabilitation. 2022; 4
(1), 14-36 (In Russ.).] doi:10.36425/rehab104997

9. Méndez R. et al./ Acute and sustained in-
crease in endothelial biomarkers in COVID-19.
Thorax. 2022; 77(4):400-403. doi: 10.1136/tho-
raxjnl-2020-216797.

10. De Guadiana-Romualdo L.G.et al. Cir-
culating MR-proADM levels, as an indicator of
endothelial dysfunction, for early risk stratifica-
tion of mid-term mortality in COVID-19 patients.
International journal of infectious diseases. 2021;
111:211-218. doi: 10.1016/}.ijid.2021.08.058.

11. Lo Sasso B. et al. Clinical Utility of Mid-
regional Proadrenomedullin in Patients with
COVID-19. Lab. Med. 2021; 52(5):493-498. doi:
10.1093/labmed/Imab032.

12. Montrucchio G. et al. Effectiveness of
mid-regional proadrenomedullin  (MR-proADM)
as prognostic marker in COVID-19 critically ill pa-
tients: An observational prospective study. PLoS
One. 2021; 16(2):1-14. doi: 10.1371/journal.
pone.0246771.

13. Van Oers J.A.H. [et al.] Endothelium-as-
sociated biomarkers mid-regional proadreno-
medullin and C-terminal proendothelin-1 have
good ability to predict 28-day mortality in criti-
cally ill patients with SARS-CoV-2 pneumonia:
A prospective cohort study. Journal of Critical
Care. 2020; Dec(66):173—-180. doi: 10.1016/j.
jerc.2021.07.017.

14. Zaninotto M. et al. Endothelial dysfunc-
tion and Mid-Regional proAdrenomedullin: What
role in SARS-CoV-2 infected Patients? Clinica
Chimica Acta. 2021; 523: 185-190. doi:10.1016/].
cca.2021.09.016.

15. Benedetti |. et al. High levels of mid-re-
gional proadrenomedullin in ARDS COVID-19
patients: The experience of a single Italian cen-
ter. European Review for Medical and Pharma-
cological Sciences. 2021; 25(3): 1743-1751. doi:
10.26355/eurrev_202102_24885.

16. Iba T., Connors J.M., Levy J.H. The co-
agulopathy, endotheliopathy, and vasculitis of
COVID-19. Inflammation Research, 2020: 69
(12). doi: 10.1007/s00011-020-01401-6.

17. Sozio E .et al. Identification of COVID-19
patients at risk of hospital admission and mortali-
ty: a European multicentre retrospective analysis
of mid-regional pro-adrenomedullin. Respira-
tory Research. 2022; 23(1):1-12. doi: 10.1186/
$12931-022-02151-1.

18. Lippi G., Henry B.M. Pooled analysis

of mid-regional pro-adrenomedullin values in
COVID-19 patients with critical illness //Internal
and Emergency Medicine. 2021; 16(6):1723—
1725. doi: 10.1007/s11739-021-02756-2.

19. Popov DA, Borovkova UL, Rybka MM,
Ramnenok TV, Golukhova EZ. Mid-regional
pro-adrenomedullin as a predictor of in-hospital
mortality in adult patients with COVID-19: a sin-
gle-centre prospective study. Anaesthesiology
Intensive Therapy, 54(3): 242-246, 2022, doi:
10.5114/ait.2022.115367.

20. Mid-Regional Pro-Adrenomedullin  as
a Prognostic Factor for Severe COVID-19
ARDS/ De Montmollin E. et al/ Antibiotics. 2022;
11(9):1166. doi: 10.3390/antibiotics11091166.

21. Atallah N.J. et al. Mid-regional Proad-
renomedullin  Biomarker Predicts Coronavirus
Disease 2019 Clinical Outcomes: A US-Based
Cohort Study. Open Forum Infectious Diseases.
2022; 9(9):1-10. doi: 10.1093/ofid/ofac423.

22. Oblitas C.M. et al. Mid-regional pro-adre-
nomedullin, methemoglobin and carboxyhemo-
globin as prognosis biomarkers in critically ill pa-
tients with covid-19: An observational prospective
study. Viruses. 2021; 13(12):1-11/ doi: 10.3390/
v13122445.

23. Moore N. et al. Mid-regional Proadreno-
medullin (MR-proADM), C-reactive protein (CRP)
and other biomarkers in the early identification of
disease progression in patients with COVID-19
in the acute NHS setting. Journal of Clinical Pa-
thology. 2022; Jan 7:jclinpath-2021-207750. doi:
10.1136/jclinpath-2021-207750.

24. De Guadiana-Romualdo L.G. et al. MR-
proADM as marker of endotheliitis predicts
COVID-19 severity. European Journal of Clinical
Investigation. 2021; 51(5). doi: 10.1111/eci.13511.

25. Montrucchio G. et al. Proadrenomedullin
in the Management of COVID-19 Critically Ill Pa-
tients in Intensive Care Unit: A Systematic Review
and Meta-Analysis of Evidence and Uncertainties
in Existing Literature. Journal of Clinical Medicine.
2022; 11(15):1-12. doi: 10.3390/jcm11154543.

26. Indirli R. [et al.] Prognostic value of co-
peptin and mid-regional proadrenomedullin in
COVID-19-hospitalized patients. European Jour-
nal of Clinical Investigation. 2022; 52(5):1-13/
doi: 10.1111/eci.13753.

27. Mangioni D. [et al.]. Prognostic Value of
Mid-Region Proadrenomedullin and In Vitro Inter-
feron Gamma Production for In-Hospital Mortality
in Patients with COVID-19 Pneumonia and Re-
spiratory Failure: An Observational Prospective
Study. Viruses. 2022; 14(8):1683./ doi: 10.3390/
v14081683.

28. Minieri M. [et al.]. Predictive Value of
MR-proADM in the Risk Stratification and in the
Adequate Care Setting of COVID-19 Patients
Assessed at the Triage of the Emergency De-
partment. Diagnostics. 2022; 12(1971):1-14. doi:
10.3390/diagnostics12081971.

29. Lampsas S. et al. The Role of Endothelial
Related Circulating Biomarkers in COVID-19. A
Systematic Review and Meta-analysis. Current
Medicinal Chemistry. 2021; 29(21):3790-3805.
doi: 10.2174/0929867328666211026124033.

30. Gregoriano C [et al.] The vasoactive pep-
tide MR-pro-adrenomedullin in COVID-19 pa-
tients: An observational study. Clinical Chemistry
and Laboratory Medicine. 2021; 59(5): 995-1004,
2021, doi: 10.1515/cclm-2020-1295.



