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Abstract

INTRODUCTION: Anesthesia planning for cesarean section
requires knowledge of physiological and functional features
a pregnant patient has in her gestational age. Proper planning
reduced the perioperative critical incidents risk. OBJECTIVE:
Search for data on the methods and results of assessing
the cardiorespiratory status of pregnant women using meth-
ods that involve such key mechanisms of arterial barore-
flex (ABR) and peripheral chemoreflex (PCR) mechanisms.
MATERIAL AND METHODS: We performed a systemat-
ic review of the literature in accordance with the PRISMA
guidelines. The bibliographic search was performed in De-
cember 2022 in the Medline (Pubmed), RSCI (eLibrary.ru)
and Cochrane Library databases. The search keywords were:
“pregnancy breath holding test”, “pregnancy chemoreflex”,
“pregnancy baroreflex”, “Valsalva test pregnancy”. RESULTS:
110 documents were found, after deleting 68 papers for var-
jous reasons 42 full-text sources were analyzed, including
a detailed comparative analysis of 8 sources that met totally
the inclusion criteria. The design, objectives, methods, data
availability, and outcomes of the studies were heteroge-
neous, so a meta-analysis was not performed. Were extract-
ed and summarized data on functional changes in the work
of cardiorespiratory system during pregnancy and chang-
es in the sensitivity of the baroreflex and chemoreflex.

OYHAAMEHTAJIbHbIE
NCCNEAOBAHUNA B UT

Ocob6eHHOCTU pedpaeKTOpHOMU
perynauum KapamopecnmpaTopHoOu
cucteMbl npu 6epeMeHHOCTH:
cucTeMaTmyecku o63op amtepatypbl

P.B. Wagpun®1.2, H.B. Tpembau®13, C.B. Ipuropbe®3,
M.B. 3a6onoTckux®1.3. 4.

1 ®rbOY BO «KybaHckuli 20cydapcmBeHHbIl MeOUyUHCKUl
yHuBepcumem» MuH3dpasa Poccuu, KpacHodap, Poccus

2 [bY3 «/lemckan KpaeBas KAuHU4eckan 6oabHuUuya» M3 KK,
KpacHodap, Poccus

3 [bY3 «Kpaesas knuHu4yeckas 6oabHuya N2 2» M3 KK,
KpacHooap, Poccus

4 HWW obuweli peaHumamonoauu um. B.A. Hezosckozo @TEHY
«@edepasbHbill Hay4HO-KAUHUYECKUL YeHmp peaHuMamoao2uu
u peabunumonoauu», Mocksa, Poccus

Pegpepam

AKTYAJIbBHOCTb: Bpayy — aHecTe3nonory-peaHMmMaTonory
MPU COCTaB/IeHWW M/aHa aHecTe3noornyeckoro obecrneye-
HUA onepaLuM KecapeBa CeYeHWs HeobXOAMMO 3HaTb O TOM,
Kakvie ¢wusmonornyeckme M QyHKLMOHabHblE OCOBEHHOCTH
nMeeT bepeMeHHas NaLyeHTKa B TOM WU MHOM CPOKe recra-
umu. MNpaBuibHOE COCTaBAEHME M/1aHa aHecTesnn U TaKTUKK
BeAleHVA NaLMeHTOK B NepronepaLyoHHOM Nepuoze noMoraeT
CHU3UTb PUCK FeMOZAMHAMUYECKUX, PECNIMPATOPHbIX U APYruX
KpuTUyeckux nHungeHtos. LIEJIb UCCJIEAOBAHUA: Mownck
AaHHbIX 0 crocobax W pesynbTaTax OLEHKM KapAnopecrnupa-
TOPHOro cratyca 6epeMeHHbIX C MCMO/b30BaHMEM METO/OB,
3a/1eMCTBYIOLIMX TaKm1e K/KoYEBble MeXaHU3Mbl pedIeKTOPHON
pery/isium, KaK apTepuanbHblii 6apopedexc (ABP) u nepude-
pudeckuii xemopednekc (MXP). MATEPUAJIbI N METO/bI:
Mbl MpoBenn cucTemaTuyeckuii 0630p mMTepaTypbl B COOT-
BETCTBUM C pekoMeHgauuamm PRISMA. TMouck 6bin npoBeseH
B Aekabpe 2022r. B 6a3ax Medline (Pubmed), «Poccuiickuit
WHAEKC Hay4yHoro umutmpoBanus» (PUHL, elibrary.ru) u Co-
chrane Library. Mounck npoussoanaca no 3anpocam: «Npows-
BO/IbHOe MOPOroBOe arHo3 6epeMeHHOCTb», «xeMopedieKc
6epeMeHHOCTb», «bapopedsiekc HepeMeHHOCTb», «mnpoba
BasbcasnibBbl 6epeMeHHOCTbY, «pregnancy breath holding test,
«pregnancy chemoreflex», «pregnancy baroreflex», «Valsalva
test pregnancy». PE3YJIbTATbI: bbino Haligero 110 pabor,

@ © «lMpakTnyeckan MeanLmHa» 2023. laHHaa CTaTbA PacpOCTPaHARTCA Ha YC/IOBUAX «OTKPHITOrO JO0CTYNa», B COOTBETCTBUM C neHsuelt CC BY-NC-SA 4.0
66 («Attribution-NonCommercial-ShareAlike» / «ATpu6yuuns-Hekommepuecku-CoxpaHenuneYcnosuin» 4.0), KoTopas paspelaer HeoOrpaHUYEHHOE HEKOM-

MepyecKoe NCrnoab3oBaHWe, pacnpocTpaHeHe N BOCNpon3BejeHune Ha Nto6oM HocuTene Npwv yCA0BUM yKa3aHUA aBTOpa U NCTOYHMKA. YT06bI 03HAKOMUTLCA

C NO/IHBIMU YCNOBUAMM JaHHOMN NINLLEH3UM Ha PYCCKOM sA3biKe, noceTuTe caiT: https://creativecommons.org/licenses/by-nc-sa/4.0/deed.ru


https://orcid.org/0000-0002-0249-6615
https://orcid.org/0000-0002-0061-0496
https://orcid.org/0000-0002-9753-7351
https://orcid.org/0000-0002-3623-2546
https://orcid.org/0000-0002-0249-6615
https://orcid.org/0000-0002-0061-0496
https://orcid.org/0000-0002-9753-7351
https://orcid.org/0000-0002-3623-2546

Reflex regulation and the functional assessment possibility of the cardiorespiratory system in pregnancy: a systematic review

CONCLUSIONS: The sensitivity of PCR in pregnant wom-
en can be assessed by inhalation of hyperoxic, hypercapnic
and isooxic-hypercapnic gas mixtures (rebreathing test).
The sensitivity of ABR in pregnant can be assessed by phenyl-
ephrine test, Valsalva test, orthostatic test, and spectral anal-
ysis of the sequences of blood pressure values and the R-R in-
terval. The sensitivity of PCR in full-term pregnancy increases.
The sensitivity of ABR in pregnant progressively decreases
from the beginning of pregnancy to the end of the second tri-
mester and increases in the postpartum period to initial level;
in the third trimester of pregnancy, changes in ABR sensitivity
are individual and do not have a single trend.

KEYWORDS: pregnancy, functional tests, cardiorespiratory
system, arterial baroreflex, chemoreflex, breath holding
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nocse yAaneHus no pasnyHbiM NpuyvHaM 68 paboT 6b110 npo-
aHanM3MpoBaHO 42 NOMHOTEKCTOBbIX UCTOYHMKA, B TOM “MC/Ie
npoBeZeH NOAPOOHbIA CPaBHUTE/NbHBIN aHa/M3 8 UCTOYHIMKOB,
MO/IHOCTbIO COOTBETCTBYHOLLMX KPUTEPUAM BKAKOHEHUA. [n3aiiH,
L&/, MeTOZbI, JOCTYMHOCTb [aHHbIX M KOHeYHble pe3y/bTaTbl
UccnefoBaHMA 6blIM HEOAHOPOAHBIMM, MO3TOMY MeTaaHa/n3
AaHHbIX He NPOBOAMACA. Bbln 13BNeYeHbI 1 0606LLeHbI AaHHbIE
0 GYHKLMOHANbHbIX M3MeHeHWAX B paboTe KapAvopecnnpaTop-
HOM CUCTEMBbI, MPOUCXOAALLMX NPU BepeMeHHOCTU 1 OTpaxato-
LLMXCA B M3MeHeHun vyBcTBUTeNbHOCTM ABP 1 MXP. BbIBO/bl:
YyecTBUTENBHOCTL [1XP Yy 6epeMeHHbIX MOXHO OLeHVBaTb
C NOMOLLBIO BAbIXaHWA MNEPOKCUYECKON, MMNepPKanHNYeCKom
M1 M300KCHYECKW-TVMNEPKAMNHUYECKO ra30Boi cMecu (BapyaHTbI
nNpoBbl C BO3BPATHBIM AblxaHueMm). YyBcTBUTENbHOCTL ABP y 6e-
peMeHHbIX MOXHO OL|eHMBaTb C MOMOLLbIO GeHNN3GPUHOBOrO
TecTa npobbl BanbcasnbBbl, OpTOCTaTUHECKONM NPOOLI, a TaKke
CMeKTpaNbHOro aHaan3a Noc/ie0BaTe/IbHOCTEN 3Ha4eHUIA ap-
TepuanbHoOro Aas/ieHna U nHtepsana R-R. YyBcTBUTE/IBHOCTD
MXP npn AoHolweHHON GepeMeHHOCTW yBenuymBaeTcA. yB-
CTBUTENBbHOCTb ABP y 6epeMeHHbIX MPOrpeccMBHO CHIKaeTCA
OT Ha4ana bepeMeHHOCTM A0 KOHUa Il TprMecTpa v noBbIlaeTcA
B NOC/IEPOA0BOM Mepuoge A0 UCXOAHOrO ypoBHs; B Il Tpume-
cTpe 6epeMeHHOCTU M3MeHeHUA YyBCTBUTEeNbHOCTY ABP HocAT
MHAMBUAYANbHBIA XapaKTep U He UMEIOT eAMHOMN TEHAEHLIMN.

K/TKOYEBBIE C/IOBA: 6epeMeHHOCTb, GYHKLMOHAbHbIE
TeCTbl, KapAMOpecnMpaTopHas CUcTeMa, apTepuabHblil
Bapopednekc, xeMopedpeKc, NPOM3BO/ILHOE MOPOroBoe
anHo3, npoba BasibcanbBebl, cMcTEMaTUYeCKUiA 0630p
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BASIC RESEARCH IN INTENSIVE CARE
Introduction

Many patients may experience various adverse events
in the perioperative period, associated with impaired nor-
mal functioning of the cardiorespiratory system (CRS), such
as arterial hypotension, hypertension, tachycardia, brady-
cardia, extrasystole, desaturation, etc. With a significant de-
viation of the parameters from the norm and longtime of ex-
istence, these situations can become critical incidents (CI),
and then complications of the perioperative period. These
CIs are not always directly related to anesthesia, but their
severity and the duration of persistence are directly relat-
ed to the reflex regulation of the cardiorespiratory system,
with the level of sensitivity of regulatory reflexes [1, 2].

Reflex regulation of CRS is a set of reflexes that provide
rapid hemodynamics stabilization and respiratory function
when exposed to factors that disturb the physiological bal-
ance. The most important reflexes that form the basis of this
regulation are arterial baroreflex (ABR) and peripheral che-
moreflex (PCR) [3, 4].

Pregnancy, although not a pathological condition, caus-
es significant changes in the work of CRS. In pregnant wom-
en cardiac output and minute inspiratory volume have been
increases, and the trigger points of reflex regulation of key
parameters of respiration and hemodynamics also differ
from the general population of patients [5, 6].

Each gestational age is unique in its own way in terms
of such changes, and therefore unique in terms of the risk

of CI and compensatory capabilities in the perioperative pe-
riod. Anesthesiologist, drawing up a plan for the anesthetic
management of a caesarean section, needs to know the phys-
iological and functional characteristics of pregnant patients.
Proper planning of anesthesia helps to reduce the risk
of CI and complications in the perioperative period [7].

The purpose of this systematic review was to search
for data on methods for assessing the cardiorespiratory
status of pregnant women, involving such key mechanisms
of reflex regulation as ABR and PCR, as well as on the possi-
bility of safe use of these methods in pregnant women.

Materials and methods

During this review, the following questions were asked:

1. What are the ways to safely and effectively assess

the sensitivity of ABR and PCR in pregnant women?

2. How does the sensitivity of ABR and PCR

change in pregnant women at different gestation-
al ages and in the postpartum period compared
with the initial state?

The study was performed in accordance with the guide-
lines for writing systematic reviews and meta-analy-
ses “Preferred Reporting Items for Systematic Reviews
and Meta-Analyzes” (PRISMA) [8, 9] (see Figure 1). At
the first stage (in November 2022), a search was made for lit-

Search Totally publications found (n = 110)
Duplicate elimination (n = 24)
Screening d Ident.ificat'iohn of dL:cpllilcatets . — Exclusion of summaries
and summaries without a full text version and abstract publications
without a full-text version (n = 9)
Evaluation of the remaining Exclusion of full-text articles
Correlation full-text publications (n =77) W due to complete non-compliance
according to the inclusion criteria with the inclusion criteria (n = 35)
Studies included in the review (n = 42)
Inclusion Including studies for which a detailed comparative analysis
was carried out (fully meeting all inclusion criteria) (n = 8)

Fig. 1. Literature search algorithm (PRISMA)
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erature sources in the Medline (Pubmed), Cochrane Library
and Russian Science Citation Index (RSCI, eLibrary) databases.
In the Pubmed and Cochrane Library databases, the search
was carried out on queries: “pregnancy breath holding test”,
“pregnancy chemoreflex”, “pregnancy baroreflex”, “Valsalva
test pregnancy”. In the eLibrary database, the search was per-
formed on the queries: “mpoM3BOIBHOE MOPOTOBOE AIHOD
bepeMeHHOCTE , “xeMopedirexrc GepeMeHHOCTE , “Gapopediiekc
OGepeMeHHOCTH, “mpoba BajbcanpBbl GepeMEHHOCTS .
The search included studies of any design published and in-
dexed in the specified databases for the period from 1982 to 2022.
Initially, 110 studies were found. After removing duplicates, ab-
stract publications and abstracts of articles, 77 papers remained
without an accessible full-text version.

The second stage consisted of reviewing abstracts of ar-
ticles and excluding publications that did not meet the study
criteria.

The criteria for inclusion in the review were:

1) the object of the study were pregnant women at any

gestational age;

2) the sensitivity of ABR was assessed in pregnant
women by one or more of the methods described
in the literature for the general population of pa-
tients (phenylephrine test, Valsalva test, orthostatic
test, spectral analysis of sequences of blood pres-
sure (BP) values and R-R interval, as well as modi-
fications and combinations of these ways);

3) in pregnant women, the sensitivity of PCR was as-
sessed by one or more of the methods described
in the literature for the general population of pa-
tients (inhalation of a hypoxic gas mixture, inhala-
tion of a hyperoxic gas mixture, inhalation of a hy-
percapnic gas mixture, rebreathing, breath holding
test, as well as modifications and combinations
specified methods);

4) publication language Russian or English.

After removing 35 articles that did not fully meet the in-
clusion criteria, 42 remaining full-text articles were ana-
lyzed, including a detailed comparative analysis of 8 litera-
ture sources that fully met the inclusion criteria.

Research results

As aresult of the search and subsequent phased screen-
ing of literary sources according to the above algorithm,
8 sources were identified that fully met the inclusion cri-
teria. Of these, 6 were devoted to assessing the sensitivity
of ADB [10-15]; 2 sources — assessment of the sensitivity
of PCR[16, 17].

Comparative characteristics of two studies assessing
the sensitivity of PCR in pregnant women [16, 17] are shown
in Table 1.

during pregnancy

Table 1. Comparative characteristics of clinical studies aimed at determining changes in the sensitivity of PCR

Authors, year Research features

of study

Study design,
sample size

Research results,
conclusions

Method(s) for monitoring
indicators; method(s)
for assessing the sensitivity
of PCR

Jensen D. et al,
2005 [16]

Prospective
comparative
cohort study
(n=22)

A study of two cohorts of patients:
1) pregnant women at 36.5+ 0.4
weeks of gestation (n=11); 2)
a control group of non-pregnant
women with similar physical
and demographic parameters
(n=11)

Repeated rebreathing in two ways:
1) hyperoxic-hypercapnic gas mix-
ture (CCR sensitivity assessment)
and 2) isooxic-hypercapnic gas
mixture (PCR sensitivity assess-
ment)

Increased sensitivity of both PCR
and CCR in pregnant women com-
pared with non-pregnant controls

Reyes L.M. et al,
2020 [17]

Prospective
comparative
cohort study
(n=36)

A study of two cohorts of preg-
nant patients in the third trimester
of pregnancy: 1) pregnant women
with gestational diabetes melli-
tus (GDM) (n=18) and 2) a con-
trol group of pregnant women
with normoglycemia (n = 18)

Determination of muscle sym-
pathetic nerve activity (peroneal
microneurography) during a test
with hyperoxia (breathing 100 %
oxygen through a mask for 3 min-
utes)

A more pronounced decrease
in muscle sympathetic nerve activ-
ity during the test with hyperoxia
in women with GDM, but not in wom-
en with normoglycemia, which indi-
cates an increased sensitivity of PCR
in women with GDM compared
with the control group of pregnant
women with normoglycemia

CCR — central chemoreflex.
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Table 2. Comparative characteristics of clinical studies aimed at determining the sensitivity of ABR in pregnancy

Authors, year
of study

Study design,
sample size

Research features

Method(s) for monitoring
indicators; method(s)
for assessing ADB sensitivity

Research results,
conclusions

Leduc L. et al,
1991
[10]

Prospective
cohort study
(n=9)

Study of the same cohort
of patients at 38 + 0.3 weeks
of gestation and 6-8 weeks
after delivery, patients with-
out hypertensive disorders

Spectral analysis of sequences
of changes in heart rate and mean
arterial pressure (AHR/ABPmean);
phenylephrine test, Finapres —

monitoring

An increase in the sensitivity of ABR at full-
term pregnancy compared with 6-8 weeks
of the postpartum period (during pregnan-
cy — a decrease in hweart rate by 0.9 beats
/ min with an increase in blood pressure
by Tmm Hg, in the postpartum period —
a decrease in heart rate by 0.5 beats/min
with an increase in BPmean by 1 mmHg,
p < 0.007). Attenuated pressor response
to phenylephrine during pregnancy compared
with 6-8 weeks postpartum (p < 0.05)

Blake M.J. et al,
2000 [11]

Prospective
comparative
cohort study
(n=26)

Study group of pregnant wom-
en (n=16, study during each
trimester of pregnancy) and
control group of non-pregnant
women (n=10), patients with-
out hypertensive disorders

Spectral analysis of AHR/ABPsyst
sequences; orthostatic test, Fina-

pres — monitoring

Decreased sensitivity of ABR compared
with the control group at 16 to 36 weeks'
gestation, measured in the supine position
(p < 0.007)

Lucini D. et al,
1999 [12]

Prospective
comparative
cohort study
(n=14)

Study of the same cohort
of patients up to 6 weeks
of gestation and then at 32—
34 weeks of gestation, patients
without hypertensive disorders

Spectral analysis of AHR/ABPsyst

sequences, Finapres monitoring

Decreased sensitivity of ABR in late preg-
nancy compared to early

Gugova F.K. et
al., 2008 [13]

Prospective
cohort study
(n=23)

Study of the same cohort
of patients at 12-14 weeks
of gestation and then again
at 26-30 weeks of gestation,
patients without hypertensive
disorders

Spectral analysis of AHR/ABPsyst
sequences, orthostatic test, Fina-

pres monitoring

In the early stages of pregnancy — preser-
vation or increase in the sensitivity of ABR
in the supine position and its pronounced
decrease in orthostasis, with further progres-
sion of pregnancy — a decrease in the sensi-
tivity of ABR and simultaneous restoration
of orthostatic tolerance (p < 0.05)

Visontai Z. et al,
2002 [14]

Prospective
cohort study
(n=23)

Study of the same cohort of pa-
tients during each trimester
of pregnancy and in the post-
partum period, patients without
hypertensive disorders

Spectral analysis of AHR/ABPsyst
sequences, Finapres — monitoring;
additionally, an ultrasound assess-
ment of the extensibility coeffi-
cient of the carotid arteries was

carried out (in % of the original)

ABR sensitivity decreased significantly
from the 15t to 2nd trimester of pregnan-
cy, then continued to decrease slightly
from the 2nd to 31 trimester. In the post-
partum period, ABR sensitivity returned
to values comparable to those in the first
trimester of pregnancy. In addition, it was
found that in pregnant women there is a lo-
cal decrease in the extensibility of the wall
of the carotid arteries, while the extensi-
bility of the entire arterial bed as a whole
increases in them

Silver H.M., et
al, 2001[15]

Prospective
comparative
cohort study
(n=80)

A study of 4 subgroups of pa-
tients: 1) 20 pregnant women
with normotension; 2) 20 preg-
nant women with gestational
hypertension; 3) 20 pregnant
women with preeclampsia;
4) 20 non-pregnant women.
Gestational terms in all preg-
nant women corresponded
to the 39 trimester

Spectral analysis of sequences
AR-R interval /ABPsyst, Fina-
pres — monitoring; Valsalva test;

slow deep breathing test

The sensitivity of ABR in normotensive preg-
nant women was lower than in non-preg-
nant women (AR-R/ABPsyst=15.8 +7.2 vs.
10.8 + 4.1 ms/mm Hg; p = 0.001). The sensi-
tivity of ABR decreased even more in preg-
nant women with preeclampsia (AR-R/AB-
Psyst=10.8 +4.1vs. 7.2 £2.6 ms/mm Hg;
p =0.003) and in gestational hypertension
(10.8 £4.1vs. 6.5 + 2.7 ms/mmHg; p = 0.007)
compared with normal pregnancy
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The data obtained indicate that the sensitivity of PCR
in the third trimester of pregnancy is significantly higher
than in non-pregnant patients, and with concomitant GDM,
the increase in the sensitivity of PCR is most pronounced.

Comparative characteristics of six studies assessing
the sensitivity of ABR in pregnant women [10-15] are shown
in Table 2.

The table shows that ABR sensitivity, if we take
the state before pregnancy as a starting point, progressive-
ly decreases from the beginning of pregnancy, reaching
its minimum values by the end of the second trimester.
From the end of the second trimester to full-term pregnan-
cy, ABR sensitivity behaves heterogeneously (it can either
slowly decrease or remain at the same level or increase),
but in the postpartum period, ABR sensitivity gradual-
ly increases in all patients and reaches the initial values.
At the same time, the decrease in ABR sensitivity is more
pronounced in the presence of hypertensive disorders (ges-
tational hypertension, preeclampsia) than in normotensive
pregnancy [15].

The discussion of the results

The results obtained are consistent with the data de-
scribed for the general patient population, which suggest
that there is defined antagonism between ABR and RCR [18,
20]. An increase in the sensitivity of one of the reflexes is of-
ten accompanied by a decrease in the sensitivity of the other,
and if this antagonism may not be observed in acute condi-
tions, then in chronic, long-term persistent conditions (in-
cluding pregnancy) it is most often present [18]. This feature
is due to the fact that during its implementation, ABR main-
ly activates parasympathetic physiological mechanisms,
while PCR uses sympathetic ones.

The afferent link of the ABR consists in the flow of nerve
impulses from the baroreceptors of the aortic arch and ca-
rotid bodies to the vasomotor center of the medulla oblonga-
ta [4]. These impulses affect both the tone of the vasomotor
center itself and the tone of the nuclei of the vagus nerves.
The efferent link of ABR is realized in two ways — vascu-
lar (changes in the tone of peripheral vessels) and chrono-
tropic (changes in heart rate) [19]. Thus, in general, ABR
is implemented according to two possible scenarios:

An external factor causing a decrease in blood pres-
sure — reflex tachycardia and an increase in arterial
tone — an increase in blood pressure to the initial level

An external factor causing an increase in blood pres-
sure — reflex bradycardia and a decrease in arterial
tone — a decrease in blood pressure to the initial level

Peripheral chemoreflex is the second most important
regulatory mechanism of CRS. Peripheral chemorecep-
tors, like baroreceptors, are located mainly in the carot-
id bodies and in the area of the aortic arch. They respond
to changes in the concentration of hydrogen ions (estimated

through the pH index), oxygen tension (PaO2), and carbon
dioxide tension (PaCOz) of arterial blood, namely, to ac-
idosis, hypoxia, and hypercapnia [20]. The afferent path-
way of PCR passes along the fibers of Hering’s nerve (part
of the IX pair of cranial nerves) and the fibers of the aortic
branch of the vagus nerve (X pair) to the respiratory cen-
ter in the medulla oblongata. Activation of the neurons
of the respiratory center increases the frequency and depth
of respiration, that is, it causes an increase in the minute
volume of respiration, proportional to the shift in pH, PaO>
and PaCO., which is aimed at compensating the values
of these parameters in the opposite direction, up to certain
equilibrium points [21].

Individual patient characteristics, in particular the pres-
ence of comorbidities and conditions, may change the bal-
ance of default settings for the sensitivity of ABR and RCR.
Available literature data suggest that arterial hypertension,
chronic heart failure, diabetes mellitus, chronic obstructive
pulmonary disease, obstructive sleep apnea increase the sen-
sitivity of PCR and decrease the sensitivity of ABR [22-25].
In acute conditions, the high sensitivity of PCR is rather a fa-
vorable factor that helps to start compensatory mechanisms
faster in response to hypoxia and hypercapnia and to quick-
ly reach the state of compensation. But with long-term
persistent diseases, a constant increase in the sensitivity
of PCR leads to chronic hyperactivation of the sympathetic
part of the autonomic nervous system, which contributes
to the progression of bovine diseases and, as a result, wors-
ens the compensatory capabilities of the body [26-32].

A normal pregnancy is characterized by an increase
in the minute volume of respiration (mainly due to an in-
crease in the depth of respiration, and not due to the re-
spiratory rate), a concomitant decrease in COx tension
(PaCO») in arterial blood by 5-10 mm Hg, as well as a de-
crease in the level of plasma bicarbonate and blood pH [5].
At the same time, such parameters as inspiratory effort (in-
spiratory drive), airway resistance, peak expiratory flow
rate, forced expiratory volume in the first second, and func-
tional lung capacity in pregnant women usually do not have
significant differences from those in the general patient
population [33].

A test with voluntary inspiratory breath holding caus-
es transient hypoxia and hypercapnia, activating PCR,
and the duration of breath holding in seconds correlates
inversely with the sensitivity of PCR: the longer the time,
the lower the sensitivity of PCR. In addition, hypercapnia it-
self increases the activity of the respiratory center (activates
the central chemoreflex), dilates the brain vessels, and in-
creases cerebral blood flow [34]. The peculiarity of these
processes during pregnancy is a decrease in the thresh-
old of the chemoreflex response and, thus, an increase
in the sensitivity of PCR [16].

Jensen et al. in a retrospective analysis of data from
pregnant patients [5, 35] found that the PaCOz equilibrium
point, which is a trigger for PCR triggering and a subse-
quent increase in cardiac output, shifts downward during
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pregnancy, towards values corresponding to hypocapnia
for nonpregnant women. Thus, the variability in the respi-
ratory response to exercise and the accompanying subjective
sensation of dyspnea in healthy pregnant women may also
be associated with individual changes in PCR sensitivity.

The concentration of progesterone in the blood of a preg-
nant woman has a strong inverse correlation with the level
of PaCOz at rest [36, 37]. Female sex hormones not only
increase the sensitivity of central and peripheral chemore-
ceptors to the concentration of hydrogen ions, but also in-
crease the minute volume of breathing in pregnant women
through the activation of estrogen-dependent progesterone
receptors in the CNS, while the second mechanism does
not depend on blood pH [37]. The neuroactive progester-
one steroids (allopregnanolone) are involved in the increase
in the sensitivity of PCR (and the concomitant decrease
in the sensitivity of ABR) in pregnant women [38].

The sensitivity of PCR during pregnancy is also affect-
ed by other concomitant factors, such as disorders of carbo-
hydrate metabolism [17] and smoking [39]. Reyes et al [17],
comparing sympathetic nerve activity in 18 pregnant patients
with GDM and 18 pregnant women with normoglycemia,
found that in women with GDM, basal sympathetic nerve
activity was similar to that in the control group, but the sen-
sitivity of PCR in patients with GDM was higher. than
in the control group. Conversely, prenatal exposure to nico-
tine in pregnant women reduces the sensitivity of PCR [39].

Due to the reduced sensitivity of ABR, pregnant
women are more prone to orthostatic hypotension than
non-pregnant women [40, 41]. The same mechanism can
provoke the development of CI during neuraxial anesthesia
during caesarean section, in particular, arterial hypotension.

There are several ways to assess the sensitivity of ABR,
but they either require medical intervention (phenylephrine
test), or require special equipment to monitor and calculate
the variability of spontaneous fluctuations in blood pressure
and R-R intervals (sequence method, spectral method).
The most non-invasive and available method for determin-
ing the sensitivity of ABR is the Valsalva test, modified ver-
sions of which have been successfully used in pregnant pa-
tients [42-45].

The physiological essence of the classic Valsalva test
is as follows: as a result of tension against the background
of a fixed expiratory resistance, intrathoracic pressure in-
creases, which is transmitted to the heart and great vessels
and causes a transient increase in blood pressure. As ex-
piratory resistance continues, venous return to the right
side of the heart decreases, resulting in a decrease in pulse
pressure. Baroreceptors of blood vessels react to the drop
in pulse pressure, which is manifested by an increase
in heart rate; at the same time, peripheral vasoconstriction
occurs. After a sharp exhalation, there is an equally sharp
increase in venous return to the right heart and an increase
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in left ventricular output. Increased cardiac output entering
the arterial bed causes a significant increase in blood pres-
sure and reflex bradycardia. Then hemodynamics is restored,
and the parameters reach the initial values [42-45].

Souma et al performed a series of Valsalva maneuvers
on 282 pregnant and 37 non-pregnant patients (slow exhala-
tion through resistance, i.e. through a mercury manometer
with a narrow exhalation port, maintaining pressure at 40
mmHg for 30 seconds, and subsequent sharp exhalation past
the manometer) [42]. The Valsalva ratio in this study was
calculated as the ratio of the maximum recorded tachycar-
dia to the maximum pronounced bradycardia, expressed
in beats / min. The Valsalva ratio can also be calculated
as the ratio of the longest RR interval between 1 and 20
heartbeats after the test is stopped, to the shortest RR inter-
val during the test. The value of the obtained ratio charac-
terizes not only the sensitivity of ABR, but also the degree
of influence of the parasympathetic divisions of the nervous
system on the heart. The mean Valsalva ratio in the control
group (non-pregnant) was higher than in any of the sub-
groups of pregnant women (divided by gestational age),
while there was a clear trend towards a decrease in the Valsalva
ratio from 29 to 32 weeks of gestation [42]. Thus, the Valsalva
test can be used instead of the classic phenylephrine test
for non-invasive assessment of ABR sensitivity in pregnancy
without hypertensive disorders, while the value of the Valsalva
coefficient directly correlates with ABR sensitivity.

The onset of pregnancy is associated with a relative
hyperreactivity of the sympathetic part of the autonomic
nervous system, while the second half of pregnancy is char-
acterized by an increase in hemodynamic stability with or-
thostatic stress. The response of the heart rate to the Valsalva
test in the middle of pregnancy is blunted (until the 29t
week of gestation, then the sensitivity increases again
and by the full term is compared with that in non-pregnant
women), which is associated with an increase in the volume
of circulating blood and directly correlates with the dynam-
ics of ABR sensitivity described earlier and measured in oth-
er, more complex ways. Heart rate variability decreases sig-
nificantly in the second trimester of pregnancy [42].

In general, cardiovascular reflex testing can be used
to non-invasively study the effect of drugs on maternal cir-
culation [43]. Ekholm et al conducted a study in 1998 to
evaluate the feasibility of a non-invasive measurement
of ABR sensitivity in pregnant women using the Valsalva
maneuver [45]. ABR sensitivity was measured in nine
pregnant women (gestational age from 24 to 33 weeks, no
concomitant hypertensive disorders and cardiovascular
diseases) in two ways: 1) by the reflex response to an in-
jection of 150 pg of phenylephrine and 2) using the Val-
salva test. In this study, the Valsalva test was performed
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as a slow exhalation through a pressure gauge with a nar-
row exhalation port, maintaining the pressure at around
40 mm Hg within 15seconds. Both tests gave simi-
lar sensitivity estimates for ABR: 9.3 (4.1) ms/mm Hg.
in the phenylephrine test against 8.0 (5.2) ms/mm Hg.
with Valsalva maneuver, Pearson’s correlation coefficient
r=0.81, p < 0.008. Both tests showed comparable changes
in heart rate and blood pressure. The authors summarized
that the Valsalva maneuver can be used to non-invasively
measure ABR sensitivity during pregnancy.

When comparing data obtained from the same patients
at different gestational ages, the Valsalva coefficient was sig-
nificantly lower in the second trimester than before preg-
nancy (p = 0.02) and than in the first trimester of preg-
nancy (p = 0.004) [45]. This suggests that ABR sensitivity
gradually decreases from the start of pregnancy to the end
of the second trimester.

The revealed patterns of ABR and PCR sensitivity make
further studies in pregnant women relevant to identify
risk factors for critical incidents during caesarean section
in a high-risk group of patients. In addition, a significant
difference in the dynamics of ABR sensitivity in patients
with normotension and hypertensive disorders of pregnan-
cy makes it relevant to search for early predictors of the risk
of developing preeclampsia, which can help identify these
disorders before their clinical manifestation.

Conclusion

Generalization of the extracted and analyzed data allows
us to draw the following conclusions:
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