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Abstract

Introduction: The passive leg raising (PLR) test is a non-invasive diagnostic
tool for assessing fluid responsiveness, a pivotal aspect in hypotension
management. Despite its growing application, a unified comparative
assessment of prognostic accuracy for various PLR test parameters is
currently lacking.

Objective: Our study aimed to evaluate the efficacy of different PLR test
indicators in predicting fluid responsiveness.

Methods: We conducted a network meta-analysis, analyzing prospective
studies that explored diagnostic accuracy of PLR test for fluid responsiveness.
Electronic databases were searched until March 2024; this search was
supplemented by snowballing methods. The Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) approach was used to
determine the certainty of evidence.

Results: Sixteen prospective cohort studies involving 784 patients were
included.The network meta-analysis revealed that cardiac output parameters
measured during the PLR test have the highest prognostic significance
for assessing fluid responsiveness compared to other parameters (SUCRA
score = 88.3). Utilizing arterial blood flow indicators results in a moderate
prognostic value for the PLR test (SUCRA score = 72.0). The use of such
conventional parameters as arterial blood pressure and inferior vena cava
diameter reduces prognostic accuracy to unsatisfactory levels (SUCRA score
< 50). The superiority of PLR test prognostic capability when using cardiac
output parameters over arterial blood pressure indicators is supported by
high-quality evidence.

Conclusion: Our network meta-analysis demonstrated that using PLR test
with cardiac output parameters ensures maximum sensitivity and specificity.
Consequently, the use of more straightforward and easily obtainable
parameters (arterial blood pressure, inferior vena cava diameter) is not
recommended for assessing fluid responsiveness.

Keywords: cardiac output; fluid therapy; hemodynamic monitoring;
posture; stroke volume; venous return
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'MepepanbHoe rocyfapcTBEHHOE GlofXKeTHOe HayuyHoe yupexaeHune «DeaepanbHbii
Hay4YHO-KJIMHNYECKNI LIEHTP peaHnmMaTonorum n peabunutonorum», Mocksa, Poccnin-
ckaa Oegepayma

2(QepepanbHoe rocyfapcTBEHHOE aBTOHOMHOE 06pa3oBaTeNIbHOE YUpeXKaeHWe BbiC-
wero obpaszoBaHua Mepsblit MOCKOBCKMIA rOCYAAPCTBEHHBI MEANLIMHCKIIN YHUBEPCU-
TeT umeHun V.M. Ceuenosa MurHncTepcTBa 3gpaBooxpaHeHuna Poccuiickon Gepepauun,
MockBa, Poccuniickaa Oefepauna

AHHOTaUuA

AKTyanbHOCTb. TecT C NacCc1BHbIM NogbeMoM Hor (passive leg raising, PLR-TecT)
npeacTaBnaeT co6o HEMHBA3MBHbIN AVArHOCTUYECKNI METO OLIEHKMN BOCTIPUNM-
UMBOCTY K UHDY3NOHHON Harpy3Kke, YTo ABJIAETCA KIIloYeBbIM aCNeKTOM AnarHocTu-
KV TMMOTEH3MN B aHECTE3MONOMN N MHTEHCUBHON Tepanun. HecMoTpA Ha wmpo-
KO pacrnpocTpaHeHHOe NPUMeHEHNE ero, B HacTosALLee BPeMaA OTCYTCTBYeT eAMHas
CpaBHMTeNbHAA OLieHKa NPOrHOCTUYECKON TOYHOCTM PasfIMYHbIX NMoKa3saTenen, 13-
MepsAeMbix BO Bpems nposefeHuns PLR-TecTa.

Llenb. Lienbio Hawwero nccneposaHna 6bin0 oueHnTb 3GGeKTUBHOCTb PasnYHbIX
noKasaTenen, perncTprpyemblx Npu nposefeHun PLR-TecTa, Ans nporHo3nposa-
HUA BOCMPUUMUMBOCTY K MHQY3MOHHON Harpyske.

MeTopgbl. bbin NpoBeaeH ceTeBON MeTaaHanU3, BKNIOYUBLUNIA NPOCNEKTUBHbIE
nccnefoBaHnaA, UsyvasLlume AnarHoCTUYECKyo TOUHOCTb PLR-TecTa AnA oueHKm
BOCMPUMMYMBOCTU K MHQY3UOHHON Harpy3Kke. JNeKTPOHHble 6a3bl AaHHbIX 6binn
npoaHanusnposaHbl A0 MapTa 2024 r., NONCK AOMONHANCA METOAOM «CHEXHOIo
Komay. [1nA onpegeneHns ypoBHA AoKa3aTenbCTs npumeHsanca nogxog Grading of
Recommendations Assessment, Development, and Evaluation (GRADE).

PesynbraTbl. bbinu BKNoOUeHbl 16 NPOCNEKTUBHBIX KOTOPTHBIX UCCIeA0BaHUIA
¢ yuactviem 784 naumeHToB. CeTeBOI MeTaaHanu3 Nokasas, 4to napameTpbl cep-
Ae4YHOro BbI6POCa, 3MepeHHble BO BpeMs npoBefeHus PLR-TecTa, o6napatot Hau-
60/bLUEN NPOrHOCTUYECKON 3HAUMMOCTbIO NPU OLIEHKE BOCMPUUMUYMBOCTY K HOY-
3MOHHOW Harpyske B CpaBHeHWU C ApYrMM napameTpamu (Mnowaab Nog Kpreon
cymmapHoro parxunposanua (SUCRA) score = 88,3). icnonb3oBaHune nokasatenei
apTepuanbHOro KpoBOTOKa obecneymBaeT yMepeHHYI0 MPOrHOCTUYECKYIO 3HauK-
mocTb PLR-Tecta (SUCRA = 72,0). Vicnonb3oBaHue 6onee TpagMUMOHHbIX Napame-
TPOB, TaKUX KaK apTepranbHOe JaBieHUe 1 AUAMETP HUXKHEN MONON BEHbI, CHU-
»KaeT NPOrHOCTMYECKYI0 TOYHOCTb 0 HeyaoBeTBOpUTeNnbHOro ypoBHa (SUCRA
score < 50).

3akntoueHume. Vicnonb3oBaHue napaMeTpoB cepaeyHoro Bbibpoca npw npo-
BefeHun PLR-Tecta obecneuriBaeT MakCManbHble 3HaUeHNA ANarHOCTUYECKON
TouHocTU. CnefjoBaTeNbHO, MPUMEHEHMWE TaKMX MOKa3aTeneil, Kak apTepuab-
HOe faBNeHne 1 IMAMETP HXKHEN MO0 BEHbI, HE PEKOMEHAYETCA A OLieH-
KU BOCMPUUMUYMBOCTY K MHPY3UOHHON Harpyske. PerncrpaunoHHblii Homep:
INPLASY (International Platform of Registered Systematic Review and Meta-analysis
Protocols) 202460038.

KnioueBble cnoBa: BeHO3Hbli BO3BPAT; MHDY3MOHHasA Tepanus; MOHUTOPUHT remo-
AVIHAMUKK; NONOXKEHUE TeNa; CepAeUHbIN BbIGPOC; yaapHbI 06bem
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Introduction

Hypotension remains a serious problem in
anesthesiology and intensive care, as it often leads to
life-threatening hypoperfusion of organs and tissues [1;
2]. Although there is currently no universally accepted
definition of hypotension [3], it is generally accepted
to distinguish three main causes of its occurrence:
hypovolemia, decreased cardiac output, and vasoplegia
[4; 5]. Clinical guidelines for the management of cardiac
patients in non-cardiac surgery emphasize the key role
of assessing fluid responsiveness as the first step in the
treatment of hypotension [5]. This approach is increasingly
considered more preferable for choosing the optimal
strategy.

There are many tests for assessing fluid responsiveness,
but many of them have significant limitations [6].
For example, accurate assessment of cardiac output
variability often requires the use of invasive hemodynamic
monitoring methods [7]. Furthermore, tests based on fluid
infusion carry the risk of fluid overload in patients, as they
are irreversible [8].

In this context, the passive leg raising (PLR) test is
considered a significant alternative [9]. This non-invasive
and reversible method simulates autotransfusion, in which
gravity redistributes blood from the lower extremities to
the heart [10]. Thus, the PLR test represents a practical
and safer option for assessing fluid responsiveness [11].
However, currently there is no single universally accepted
indicator whose changes need to be monitored during
the PLR test to assess fluid responsiveness.

The aim of our study was to evaluate the prognostic
significance of various indicators recorded during the PLR
test for assessing fluid responsiveness.

Methods

This study was conducted in accordance with the
recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
extension statement for network meta-analyses (PRISMA-
NMA) [12] and the Cochrane Handbook [13]. The study
protocol was registered on the International Platform of
Registered Systematic Review and Meta-analysis Protocols
(INPLASY) under registration number INPLASY 202460038
(doi: 10.37766/inplasy2024.6.0038). The PRISMA-NMA
checklist is presented in Supplementary Material, in
Appendix 1.

Search strategy

To identify relevant studies, a systematic search was
performed covering all available publications from their
inception to March 18, 2024. The search strategy included
PubMed, Medline, and the Cochrane Central Register of

Controlled Trials (CENTRAL). The search was performed
independently by two researchers. Additionally, forward
and backward snowballing methods were applied using
the Litmaps service [14] to identify additional relevant
publications. We did not apply language restrictions.
The detailed search strategy, including specific queries
and parameters, is presented in Supplementary Material,
Appendix 2.

Eligibility criteria and study selection

After automatic duplicate removal, two researchers
independently screened the remaining studies based
on titles and abstracts using the PICOS criteria: (P) adult
patients, (I) bilateral passive leg raising (PLR) test, (C) fluid
challenge (FC) method for assessing fluid responsiveness
(“gold standard”), (O) area under the ROC curve (AUROCQ),
(S) prospective cohort studies (detailed in Supplementary
Material, in Appendix 2). Studies were excluded if they
met one of the following criteria: 1) were review articles,
case reports, or letters to the editor; 2) did not contain
relevant data for network meta-analysis (NMA) (required
at least two tested parameters with reported AUROC
data); 3) used veno-venous extracorporeal membrane
oxygenation (VV-ECMO).

Any disagreements in the study selection process were
resolved by discussion with an additional expert until
consensus was reached.

Data extraction and endpoints

A specialized data collection form was developed for
this review. The primary outcome in this network meta-
analysis is the area under the ROC curve (AUROC) for the
PLR test.

Three authors independently evaluated the full texts of
articles, as well as all additional materials of the included
studies, to extract the following data:

1) general information and patient characteristics:
first author, cohort, sample size, mean age, sex, APACHE
Il score, baseline values of cardiac output (CO), cardiac
index (Cl), stroke volume (SV), type of infusion solution
used, initial position during PLR test (angle of head of bed
elevation), and time interval for PLR assessment;

2) information about the PLR test and reference
method: technique, parameter (ASVV - change in
stroke volume variation; APPV - change in pulse
pressure variation; ACl - change in cardiac index; ASVI -
change in stroke volume index; ASV - change in stroke
volume; AVpeak - change in peak arterial flow velocity;
ACO - change in cardiac output; APP - change in pulse
pressure; AEtCO, - change in end-tidal carbon dioxide;
AVF - change in volume flow; AABF - change in aortic
blood flow; ACPI - change in cardiac power index;
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AMAP - change in mean arterial pressure; APtcO, -
change in transcutaneous partial pressure of oxygen;
ASBP - change in systolic arterial pressure; AHR - change
in heart rate) and criterion (threshold value);

3) outcome data: number of responders and non-
responders, AUROC values (indicating the maximum
AUROC value when multiple were present), sensitivity
and specificity.

Additionally, individual parameters were grouped as
follows:

1) cardiac output indicators: ACI (%), ASVI (%) (stroke
volume index), ASV (%), ACO (%), AABF (aortic blood flow)
(%);

2) arterial blood flow indicators: AVpeak in artery (%),
AVF (volume flow) in artery (%), Acarotid artery blood
flow (%);

3) arterial pressure indicators: APP (pulse pressure) (%),
AMAP (%), ASBP (%).

In studies where data were presented as medians,
interquartile ranges, or 95% confidence intervals, well-
established statistical methods were used to convert them

to mean = standard deviation (SD). These approaches
are based on techniques proposed by Luo et al. [15] and
Wan et al. [16], as well as the recommendations of the
Cochrane Handbook [13]. In cases where AUROC data
were not presented, this indicator was estimated using
the formula
AUROC = (Se + Sp)/2,

where Se is sensitivity; Sp is specificity.

Missing SD data were imputed using multiple
imputation in IBM SPSS Statistics, version 28.0 (IBM Corp.,
Armonk, NY, USA).

Data analysis

We performed a frequentist network meta-analysis
(NMA) using a random-effects model, applying the CINeMA
(Confidence in Network Meta-Analysis) methodology and
software (University of Bern, Bern, Switzerland) [17; 18].
Additionally, a Bayesian random-effects network meta-
analysis was performed using the web applications ROB-
MEN and Metalnsight [19; 20]. Articles that compared
two or more test parameters were included in the NMA.

| Identification of studies

Records identified through
database searching
(n=286)

PubMed, Medline (n =275)
Cochrane (n=11)

Additional records identified through

other sources
(n=137)

Y

A

(n=315)

Records after duplicates removed

Y

Records screened
(n=315)

Records excluded
(n=261)

) ( Sersening )(.demiﬁcaﬁon)

Full-text articles

for eligibity
(n=54)

Selection
criteria

Included studies
(n=16)

o

Fig. 1. Study selection flow chart

Excluded, with reasons*
(n=38)
« No data for NMA (Network Me-
ta-Analysis) (n =37)
« Use of VV-ECMO (Veno-Venous
Extracorporeal Membrane Oxi-
genation (n=1)

* List of excluded articles is presented

in Supplementary materials
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For the AUROC indicator, the mean difference (MD)
with corresponding 95% confidence interval (Cl) was
calculated. The NMA results were presented using network
diagrams, league tables, contribution tables, and NMA
forest plots. To calculate the probability that each of the
parameters would be the most effective in predicting fluid
responsiveness, SUCRA (surface under the cumulative
ranking curve) values were obtained [21]. To assess inter-
study heterogeneity, a Bayesian NMA was applied with
calculation of 7. A T value exceeding a clinically significant

effect size (MD = 0.1) was interpreted as an indicator of
substantial heterogeneity. Furthermore, we assessed
inconsistency using the CINeMA approach.

Internal validity and risk of bias assessment

The internal validity and risk of bias of the included
studies were assessed by two independent researchers
using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) tool [22]. An explanation of the risk
of bias assessment is provided in Supplementary Material,

Table 1. General characteristics and description of the 16 studies included in the meta-analysis

Gold Gold Volume
Test standard Type of fluid of fluid Sample
No. Study Cohort thod Testparameters sr?:tf:)l: parame- used adminis- _ size
ter tered
1 TaccheriT. (2021) Other ICU PLR Alnferior vena cava FC ACI (%)  Crystalloids 500 ml 30
[30] patients respiratory index
(absolute change),
AVTI (%)
2 Zhao Z.(2022) Other ICU PLR  AVpeak (%), AVTI (%), FC ACI (%)  Crystalloids 500 ml 40
[29] patients ACI (%), ASVI (%)
Wu J. (2018) [28] Shock PLR  ASV (%), AVpeak (%) FC ASV (%) Crystalloids 250 ml 62
4 Lakhal K. (2010) Shock PLR ACO (%), APP (%) FC ACO (%) Colloids 500 ml 102
[27]
5  Monnet X. Shock PLR APP (%), ACI (%), FC ACI (%)  Crystalloids 500 ml 40
(2013) [26] AEtCO, (%)
6 Monge Garcia Shock PLR  ACO (%), AEtCO, (%), FC ACO (%) Colloids 500 ml 37
M.I. (2012) [25] APP (%)
7 Ma G. (2020) [38]  Cardiac PLR ASV (%), AVTI (%) FC ASV (%) Colloids 500 ml 123
surgery ICU
8  Krige A.(2016) Shock PLR AVTI (%), ACO (%) FC ACO (%) Colloids 250 ml 33
(37]
9  Préaus.(2010) Shock PLR  ASV (%), AVF (%), APP FC ASV (%) Colloids 500 ml 34
(36] (%)
10 MonnetX. Shock PLR AABF (%), APP (%) FC ACI (%)  Crystalloids 500 ml 71
(2006) [35]
11 Monnet X. Shock PLR ACI (%), APP (%) FC ASVI (%)  Crystalloids 500 ml 34
(2009) [34]
12 Saugel B.(2013)  OtherICU PLR  ACPI (%), AMAP (%), FC ASV (%) Crystalloids 7 ml/kg 24
[33] patients ACI (%)
13 Marik PE.(2013)  Other ICU PLR ASVI (%), ACarotid FC ASV (%) Crystalloids 500 ml 34
[32] patients artery blood flow (%)
14  Xul.(2017)[31] Shock PLR APtcO, (%), ASV (%) FC ACO (%) Crystalloids 250 ml 34
15 SiX.(2018)[24]  OtherICU PLR ASV (%), ACO (%), FC ACI (%) Colloids 250 ml 40
patients ASBP (%), AMAP (%),
AHR (%), APP (%)
16 Elsayed A.l. Shock PLR  ACO (%), AVpeak (%) FC ACI (%)  Crystalloids 4 ml/kg 46

(2021) [23]

Note. FC-fluid challenge; Cl - cardiac index; CO - cardiac output; SV - stroke volume; SVI - stroke volume index; VT - velocitytime integral; Vpeak - peak velocity;
PP - pulse pressure; MAP — mean arterial pressure; SBP - systolic blood pressure; HR - heart rate; EtCO, - endtidal carbon dioxide; PtcO, - transcutaneous
oxygen pressure; ABF — aortic blood flow; CPI - cardiac power index; VF - (as in original, possibly velocity flow).

38 Patologiya krovoobrashcheniya i kardiokhirurgiya. 2026;30(2):34-44. DOI: 10.21688/1681-3472-2026-2-34-44
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in Appendix 3. Publication bias and small-study effects
were assessed using Bayesian NMA meta-regression. The
certainty of evidence was determined using the Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) methodology integrated into the
CINeMA approach.

Additionally, a sensitivity analysis was performed using
studies with low and moderate risk of bias.

Results

Study characteristics

The initial research identified 423 articles. After the
abstract screening stage, 54 articles were selected for full-
text evaluation. Following full-text analysis, 38 studies
were excluded (details provided in Supplementary
Material, Table P2). Thus, 16 prospective cohort studies
published between 2006 and 2022 were included in this
network meta-analysis [23-38]. A flow diagram reflecting
the study selection process is presented in Fig. 1.

Data from 784 patients were included in the network
meta-analysis. Among the included studies, 10 focused
on patients with shock [23; 25-28; 31; 34-37]. The
mean age of participants ranged from 53 to 71 years.
In ten studies, crystalloid solutions were used for the
fluid challenge as the “gold standard” [23; 26; 28-35].
Nineteen different parameters were used to assess fluid
responsiveness (Supplementary Material, Table P3).
The volume of solutions administered during the fluid
challenge test varied and included 250 mL, 500 mL,
and 4-7 mL/kg. The time interval from the start of the
PLR to the assessment of hemodynamic parameters
ranged from 1 to 5 minutes. The proportion of patients
who responded to fluid administration varied from 29
to 68%. A summary of the characteristics of the studies
included in the meta-analysis is presented in Table 1 and
Supplementary Material, Table P3.

Risk of bias assessment

Therisk of bias assessment for the nine included studies
showed low risk in six studies, moderate risk in seven,
and high risk in three studies (Table 2, Supplementary
Material, Table P4). The main sources of bias were factors
related to patient selection, conduct and interpretation
of PLR and FC. A bar chart of risk distribution is shown in
Supplementary Material, Fig. P4. No publication bias or
small-study effect was detected in this NMA. Although
the inter-study variance was statistically non-significant,
substantial inconsistency in results was identified
()(2 =41.032; 8 degrees of freedom; p < 0.001).

Network meta-analysis

The network graph is presented in Fig. 2.

The data used in the network meta-analysis, including
NMA characteristics, league tables, and contribution
matrices, are detailed in Supplementary Material, Tables
P4-Po.

Cardiac output indicators demonstrated a significant
advantage in effectiveness compared to changes in
the respiratory index of the inferior vena cava, arterial
pressure parameters, pulse pressure variation, and stroke
volume variation (mean differences ranging from 0.15 to
0.54; Fig. 3, Supplementary Material, Table P6).

SUCRA analysis showed that cardiac output
indicators have the greatest potential for predicting fluid
responsiveness (score 88.3). Following in descending
order of prognostic ability were AEtCO, (%) (score 84.8),
arterial blood flow indicators (score 72.0), change in
cardiac power index (score 71.4), and APtcO, (%) (score
58.8). For the remaining parameters, the SUCRA value did
not exceed 50 (Fig. 3, Supplementary Material, Fig. P1).

Sensitivity analysis

The main results were confirmed when analyzing
studies with low and moderate risk of bias (Supplementary
Material, Table P7, Fig. P2).

GRADE assessment

CINeMA ratings are presented in Supplementary
Material, Fig. P3. The certainty of evidence for the studied
comparisons ranged from very low to high. The level of
evidence supporting the superiority of cardiac output
indicators over arterial pressure parameters for predicting
fluid responsiveness was rated as high.

Discussion

Key results

The network meta-analysis showed that the most
reliable indicators for assessing fluid responsiveness
during the PLR test are parameters reflecting left
ventricular ejection. In contrast, indicators related to the
variability of cardiovascular system characteristics — such
as heart rate, pulse pressure variation, and stroke volume
variation - demonstrated significantly lower effectiveness.
Furthermore, arterial pressure parameters were inferior
to cardiac output parameters (high level of evidence),
indicating their limited value during the PLR test, despite
the ease of measurement and widespread availability
in intensive care units. Moreover, the notable difference
found between the prognostic significance of cardiac
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Table 2. Risk of bias analysis

Risk of bias (QUA- Overall bias Applicability con-

No. Study Test parameter 5‘;:’3? DAS2) cerns (QUADAS2)
P I R FT P I R

1 TaccheriT. (2021) A:;fl%"e;"(ggigﬁ‘g Lﬁg’rfga;f ND SoX v Moderate v v Vi
2 Taccheri T. (2021) AVTI (%) -19.0 v v Y v Low v v v
3 TaccheniT.(2021) A'”fe”°rr‘§ei’r‘1fjgi‘&;e$p"at°' 240 /Y Low Y VAR,
4 Taccheri T. (2021) AVpeak (%) -20.0 v v Y v Low v v v
5 Zhao Z.(2022) AVpeak (%) ND VAR SIS v Moderate v v v
6 Zhao Z.(2022) AVTI (%) ND VAR GEEN v Moderate v v v
7 Zhao Z.(2022) ACI (%) 9.8 v v Y v Low v v v
8 Zhao Z.(2022) ASVI (%) 11.0 v v Y v Low v v v
9 Wu J. (2018) ASV (%) 12.45 v v X v Moderate v v v
10 Wu J. (2018) AVpeak (%) 10.6 v v X v Moderate v v v
11 Lakhal K. (2010) ACO (%) 7.0 v v v v Low v v v
12 Lakhal K. (2010) APP (%) 9.0 v v v v Low v v v
13 Monnet X. (2013) APP (%) ND X X V X High v v v
14 Monnet X. (2013) ACl (%) 10.0 X v Y X High v v v
15 Monnet X. (2013) AEtCO, (%) 5.0 X v Y X High v v v
16  Monge Garcia M.I. (2012) ACO (%) 12.0 v X oV v Moderate v v v
17 Monge Garcia M.I. (2012) AEtCO, (%) 5.0 v X Vv v Moderate v v v
18 Monge Garcia M., (2012) APP (%) 11.0 v X Vv v Moderate v v v
19 Ma G. (2020) ASV (%) 13.0 v v v v Low v v v
20 Ma G. (2020) AVTI (%) -4.0 v v v v Low v v v
21 Krige A. (2016) AVTI (%) ND v o X X v High v v v
22 Krige A. (2016) ACO (%) 9.0 v /4 X v Moderate v v v
23 Préau S. (2010) ASV (%) 10.0 v v v v Low v v v
24 Préau S. (2010) AVF (%) 8.0 v vV v Low v v v
25 Préau S. (2010) APP (%) 9.0 v  voJ v Low v v v
26 Monnet X. (2006) AABF (%) 10.0 v  vov v Low v v v
27 Monnet X. (2006) APP (%) 12.0 v v oY v Low v v v
28 Monnet X. (2009) ACI (%) 10.0 X v V v Moderate v v v
29 Monnet X. (2009) APP (%) 11.0 X v VY v Moderate v v v
30 Saugel B. (2013) ACPI (%) 15.0 v Vv v v Low v v v
31 Saugel B. (2013) AMAP (%) 15.0 v v v v Low v v v
32 Saugel B. (2013) ACI (%) 15.0 v v Y v Low v v v
33 Marik PE. (2013) ASVI (%) 10.0 v v v v Low v v v
34 MarkPE. (2013) Acarotid ar e blood 200 /0 Low v VAR,
35 Xu J. (2017) APtcO, (%) 13.0 VA G ¢ v High v v v
36 Xu J. (2017) ASV (%) 10.0 v X X v High v v v
37 Si X.(2018) ASV (%) 12.0 v v X v Moderate v v v
38 SiX.(2018) ACO (%) 7.0 v v X v Moderate v v v
39 Si X (2018) ASBP (%) 5.0 v v X v Moderate v v v
40 SiX.(2018) AMAP (%) 7.0 v v X v Moderate v v v
41 Si X.(2018) AHR (%) -5.0 v v X v Moderate v v v
42 Si X.(2018) APP (%) 5.0 v v X v Moderate v v v
43 Elsayed A.l. (2021) ACO (%) 6.5 v  vooX v Moderate v v v
44 Elsayed A.l. (2021) AVpeak (%) 2.5 v /v X v Moderate v v v

Note. ASBP - change in systolic blood pressure; AMAP - change in mean arterial pressure; APPV - change in pulse pressure variation; ASVV - change in stroke
volume variation; ASVI - change in stroke volume index; ND - no data; ICU -~ intensive care unit; APP — change In pulse pressure; ACO - change in cardiac output;
ACl - chan(_ge in cardiac index; ASV - change in stroke volume; AHR - change in heart rate; AABF - change in aortic blood flow; ACPI - change in cardiac power
index; AEtCO, - change in end-tidal carbon dioxide concentration; FC - fluid challenge; FT - process and timing; | - index test; P - patient selection; PLR - passive
leg raising; APtcO, - change in transcutaneous partial pressure of oxygen; R - reference standard; AVF - change in volume flow; AVpeak - change in peak arterial
flow velocity; v/ - low risk; X - high risk; ? - unclear risk.

40 Patologiya krovoobrashcheniya i kardiokhirurgiya. 2026;30(2):34-44. DOI: 10.21688/1681-3472-2026-2-34-44



M.Ya. Yadgarov, L.B. Berikashvili, V. Kuznetsov, P.V. Ryzhkov, A.G. Yavorovskiy, A.A. Yakovlev, V.V. Likhvantsev

Diagnostic accuracy of passive leg raising test: systematic review and network meta-analysis

Cardiac contractions
rate

Fig. 2. Network plot for PLR test parameters
used for fluid responsiveness prediction

APtcO2 (%)

Note. APPV - change in pulse pressure variation;
PSV - Pressure Support Ventilation;

ASVV - change in stroke volume variation;

AHR - change in heart rate; ACPI - change in
cardiac power index; AEtCO, - change in end-tidal
carbon dioxide concentration; APtcO, — change in
transcutaneous partial pressure of oxygen.

output parameters and inferior vena cava assessment
was unexpected and indicates the unsuitability of inferior
vena cava assessment in the context of the PLR test.

Relationship with previous studies

Alvarado Sanchez et al. arrived at a similar conclusion,
showing that the choice of hemodynamic variables
significantly influences the diagnostic accuracy of the
PLR test. Their work demonstrated that measuring aortic
blood flow, cardiac output, stroke volume, or their indices
increases diagnostic accuracy. Conversely, the use of
surrogate indicators of cardiac output led to a decrease
in the prognostic value of the PLR test [39].

ACPI (%)
%

Inferior vena cava

respiratory index Variability of
impact volume (%)
-
Inferior vena cava
respiratory index (%)
PSV (%)

\Q
/ D Cardiac output

Pressure Arterial blood flow

In a study by Cherpanath et al., which included a total
of 1013 patients, it was shown that changes in pulse
pressure during the PLR test have a lower prognostic
significance than changes in flow indicators [40]. Monnet
et al., performing a subgroup analysis, reached a similar
conclusion: the PLR test less accurately predicted the
response to fluid challenge if its effects were assessed
by arterial pulse pressure rather than by cardiac output
[41]. Our network meta-analysis demonstrated that
changes in arterial pressure during PLR predict fluid
responsiveness significantly worse than cardiac output
parameters, which is consistent with the results of the
aforementioned studies. This may be explained by the fact

1.00 1004
. . Cardi tput
Fig. 3. Litmus Rank-O- O et
Gram. Higher SUCRA values,
as well as curves located 2 0751 75 P et lood o
closer to the upper left =
corner, indicate higher = % N o2
. . P o
effectiveness in predicting % z
f f 0.501 50 4
ﬂUId responsiveness g E:) ° Cardiac contractions rate
B D PSV
Notfe. F’PV - pulse pressure < @ ®  Variability of impact volume (%)
variation; SVV - stroke volume g B picesiii
variation; IVC - inferior vena cava; =
HR - heart rate; CPI - cardiac O 0259 251
power index; EtCO, — end-tidal
carbon dioxide; PtCOz - _Inferior vena cava respiratory
transcutaneous partial pressure index (%)
of oxygen. 0.00 0 Inferior vena cava respiratory
. index
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that these parameters depend not only on stroke volume/
cardiac output but also on vascular tone and arterial
elasticity [42]. However, Lakhal et al., in a study including
112 patients, concluded that changes in systolic arterial
pressure during PLR reliably identify patients responding
to fluid challenge [43], which contradicts the results of our
network meta-analysis.

Taccheri et al. showed that percentage changes in
inferior vena cava diameter variability induced by PLR,
expressed as a percentage deviation from baseline,
reliably predicted the response to a presumed fluid
infusion [30]. In contrast, our network meta-analysis
showed that inferior vena cava assessment parameters
during PLR are significantly inferior to cardiac output
parameters and are unsuitable for determining fluid
responsiveness.

Significance of the study results

The significance of this network meta-analysis lies in
the following aspects.

First, this study is the first network meta-analysis to
evaluate various parameters used during the PLR test,
with their direct comparison and ranking by prognostic
accuracy. This approach allowed for an informed
conclusion regarding the optimal parameter for
measurement.

Second, the network meta-analysis showed that
intracardiac hemodynamic indicators significantly
outperform all other methods in predicting fluid
responsiveness during the PLR test. In contrast,
parameters that seem convenient and reliable, such as
arterial pressure or inferior vena cava assessment, are
significantly inferior to cardiac output indicators.

Furthermore, this study confirms the higher
informativeness of criteria assessing changes in left
ventricular ejection during the PLR test over other
hemodynamic parameters.

Strengths and limitations

Our study employed advanced statistical methods,
including the use of network meta-analysis, standard
risk of bias assessment tools, and the application of the
GRADE framework, which strengthened the reliability
of the results obtained. The deliberate restriction of the
analysis to prospective studies only increased the quality
of the included data. Among these works, a significant

proportion (37.5%) were classified as having a low risk of
bias, while the remaining studies were classified as having
moderate (43.8%) or high (18.7%) risk. This network meta-
analysis has several limitations, such as differences in
patient characteristics and the timing of assessments.
In 10 studies, the PLR test was performed in patients in
shock, whereas in 6 studies it was performed in patients
without shock. Additionally, the type of infusion solutions
(colloids or crystalloids) used as the “gold standard”
differed between studies, which could potentially affect
the results. Another limitation of network meta-analysis is
transitivity, as the analysis included indirect comparisons
of different test parameters across studies. Nevertheless,
based on the SUCRA analysis, it can be argued that the
use of cardiac output parameters is the best choice when
performing the PLR test to assess fluid responsiveness.

Future research

This network meta-analysis provides valuable data,
highlighting the need for scientific research in two
directions:

1. Standardization of the PLR test. The lack of uniform
recommendations indicates the need for prospective
cohort studies aimed at developing standards for
performing the PLR test, including measurement timing,
initial head-of-bed angle, leg elevation angle, and other
related parameters.

2. Standardization of cardiac output assessment.
Currently, there is no single method for assessing
cardiac output during the PLR test, allowing clinicians
to use different approaches - echocardiography,
transpulmonary thermodilution, arterial pressure pulse
wave analysis, and thoracic impedance cardiography.
Since these methods may differ in their prognostic
significance for assessing the response to presumed fluid
infusion during the PLR test, further studies are needed to
determine the optimal method for assessing intracardiac
hemodynamic parameters.

Conclusion

This network meta-analysis showed that cardiac
output parameters significantly outperform all other
indicators in assessing fluid responsiveness during passive
leg raising test. Therefore, the use of parameters such as
arterial pressure and inferior vena cava diameter is not
recommended for this purpose.
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