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Summary.

Acute inflammatory diseases of the respiratory tract remain a leading cause of morbidity, hospitalization, and mortality
among children worldwide. Among these, acute community-acquired pneumonia (CAP) is particularly significant, accounting
for approximately 16% of global deaths in children under five years of age. Pediatric presentations of pneumonia differ markedly
from those observed in adults; however, the presence of cardiovascular comorbidities can complicate the clinical course across
all age groups. It is well established that respiratory pathologies may predispose patients to cardiovascular complications, which
are associated with a substantially increased risk of adverse outcomes.

Objective. The present study aimed to evaluate changes in blood pressure (BP) in children with CAP during the acute phase
and early recovery.

Materials and methods of the study. Thirty children aged 8-12 years (mean age 11.0 = 0.2 years) diagnosed with CAP
were enrolled in the study. A comparison group consisted of 30 age- and sex-matched healthy children. In the CAP group, BP
measurements were taken twice: on the day of hospital admission and during the early recovery phase. Heart rate and oxygen
saturation were also assessed.

The study was conducted in accordance with the principles of the World Medical Association’s Declaration of Helsinki
«Ethical Principles for Medical Research Involving Human Subjects». Informed consent to participate was obtained from all
those included in the study (parents of children or their guardians), which emphasizes the absence of invasive interventions.
The study protocol was discussed and approved at a meeting of the Biomedical Ethics Committee of Bukovinian State Medical
University.

Descriptive statistics analysis was done using program Statistica (v.6, Statsoft). Quantitative data were presented as mean and
standard error of mean (M £ SE), in comparisons p-values were two-tailed and p<0,05 was considered statistically significant.
For assessment and explanation data Al program «Copiloty (Microsoft) was used.

The work was carried out as part of the planned scientific research of the Department of Pediatrics, Neonatology, and
Perinatal Medicine of Bukovinian State Medical University: « Chronobiological and adaptation aspects and features of autonomic
regulation in pathological conditions in children of different age groupsy» (registration number 0122U002245, duration
2022-2026).

Results of the study. According to the general condition all cases of CAP classified as mild or moderate, and no severe or
complicated forms were identified. During the acute phase, signs of a systemic inflammatory response were present, including
fever, tachycardia, and tachypnea, as well as manifestations of mild hypoxemia, which persisted into the early recovery period.
BP indices (systolic, diastolic, and pulse pressure) were lower in both periods compared with healthy children, likely due to
vasodilation and alterations in autonomic regulation associated with inflammation. At disease onset, a reduction in stroke volume
and cardiac output was observed, followed by an increase during treatment along with a gradual decrease in heart rate. These
findings are consistent with previous studies and indicate that the hemodynamic and oxygenation changes in children with acute
pneumonia are functional and reversible in nature.

Conclusions. In CAP cases physiological burden on both cardiovascular and respiratory systems could be present. Recovery
leads to partial normalization, but some parameters — like SaO, and cardiac output, may take longer time to fully return to
baseline. CAP as systemic illness affects multiple organ systems and recovery is gradual rather than immediate. In managing
children with CAP must be avoided routine aggressive fluid loading with signs of cardiac compromise.
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Introduction

Acute respiratory diseases in children remain a leading
global cause of high morbidity. Between them community-
acquired pneumonia (CAP) is a common infection
frequently affecting children and provoked significant level
of hospitalization and mortality [1-3]. The estimated annual
incidence of pneumonia in Europe is 11 to 16 cases/1000
in those 7 to 14 years of age. Clinical presentations and
agents of pneumonia in children and infants are different
compared with adults [4].

Acute pneumonia in school-age children is accompanied
by significant changes in systemic hemodynamics,
including alterations of arterial blood pressure (BP) that
reflect the combined effects of inflammation, hypoxia, and
age-related cardiovascular physiology [3, 5]. School-age
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children possess more mature autonomic and myocardial
regulation than infants, yet they remain highly sensitive to
disturbances in oxygen delivery and systemic inflammation.
These developmental characteristics shape the specific
pattern of BP responses observed in CAP [4, 6].

During the acute phase of CAP, the inflammatory
process initiates a cascade of metabolic, autonomic
and endothelial disturbances that collectively influence
systemic BP regulation [7, 8]. Pro-inflammatory cytokines
impair endothelial function, alter nitric oxide — dependent
vascular tone, and increase capillary permeability. In
parallel, fever, tachypnea, and elevated metabolic demands
accelerate oxygen consumption [5, 8]. These changes may
contribute to transient reductions in systemic vascular
resistance and fluctuations of arterial pressure [9].
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It is well known that patients with cardiovascular
comorbidities had a significantly higher risk of the
severe outcomes, aligning with findings showing they
are more susceptible to poor outcomes in respiratory
infections [3, 10]. BP, heart rate (HR) and cardiac output,
are the principal hemodynamic processes parameters,
which could be affected in pneumonia cases. On the
other hand, cardiovascular disorders worsen the course
of acute respiratory diseases, especially pneumonia [11,
12]. Episodes of diseases often cause increased heart rates
leading to an elevated cardiac workload in right heart
chambers, right ventricle myocardial diastolic dysfunction
and even potentially HR in severe cases [4, 7, 13].

In the pathogenesis of CAP several factors contribute
to hemodynamic alterations, including the degree of
arterial narrowing and vasoconstriction, fluctuations in
blood volume, and increases in HR and BP [5, 6]. Patients
recovering from pneumonia who exhibit cardiovascular
changes may experience delayed return to their pre-
infection health status [7]. Numerous clinical studies
have demonstrated an elevated risk of cardiovascular
events following acute respiratory infections, including
CAP [8, 9]. Additional factors related to autonomic
dysregulation, such as increased sympathetic tone, promote
vasoconstriction via a-adrenergic receptors, further
reducing blood flow [9, 10, 11].

During CAP, a combination of vasomotor, hormonal,
and metabolic disturbances may lead to mitochondrial
dysfunction, which in turn exacerbates systemic
dysfunction syndromes. The inflammatory response
not only impairs endothelial function but also disrupts
autonomic control of microcirculation, compounding the
hemodynamic instability [11]. Sympathetic overactivity,
characterized by heightened a-adrenergic receptor
stimulation, contributes to peripheral vasoconstriction
and diminished perfusion [9].

In general, systemic arterial BP in CAP often
decreases or remains unstable, particularly in severe
cases. This instability is primarily driven by hypoxia,
systemic intoxication, and compromised cardiac function.
Tachycardia — commonly present during fever and
respiratory distress — initially helps maintain cardiac
output, but persistent elevation in heart rate reduces
diastolic filling time, leading to diminished stroke
volume [12, 13]. Inflammatory mediators may additionally
depress myocardial contractility. Elevated pulmonary
pressures secondary to hypoxic vasoconstriction can
impose right ventricular strain, limiting left ventricular
filling through ventricular interdependence. Consequently,
systemic cardiac output is reduced, further contributing to
a decline in arterial blood pressure [14-16].

Mechanisms by which pneumonia affects systemic
blood pressure include hypoxia and intoxication [17].
Inflammation of pulmonary tissue reduces blood
oxygenation and insufficient oxygen saturation leads to
decreased vascular tone and reduced peripheral resistance,
contributing to a drop in arterial pressure [18-19]. From
the other side reduced cardiac output could be present —
elevated pressure in the pulmonary circulation causes
right ventricular overload and limits left ventricular

filling [20]. Fever and increased respiratory water loss
further aggravate this reduction in effective circulating
volume [21]. As a result, the volume of blood entering
the systemic circulation decreases, leading to lowering
of arterial BP. The pro-inflammatory state induced by
infectious agents contributes to endothelial dysfunction,
which can significantly affect BP and microcirculatory
regulation — both of which are critical for maintaining
adequate tissue perfusion [22, 23]. Although children
typically exhibit stronger compensatory mechanisms
than infants or toddlers, CAP can still lead to measurable
decreases or fluctuations in BP, especially in the presence
of significant respiratory compromise or systemic
intoxication [15, 24]. Understanding the mechanisms
behind BP alterations in this age group is essential for
early recognition of hemodynamic instability and timely
therapeutic intervention [25, 26].

The aim of the study was to present study aimed to
assess BP changes in children with CAP during acute and
early recovery phases of the disease.

Materials and methods

In this study 30 children with CAP in age 8-12 years
(11,0 £ 0,2 years) were enrolled. The comparison group —
30 age- and sex-matched healthy children. Children
from both groups did not have a significant difference
in anthropometric measurements — height and weight.
The criteria for inclusion in the main group presents of
confirmed CAP diagnosis. The exclusion criteria for both
groups were any kidney, heart, nervous system or other
chronic diseases. In main group BP measurements were
done twice — on the day of admission and during early
recovery on the 5-7th day. BP and HR were measured by
oscillometric device (Omron HEM-7121, Omron, Japan)
with an appropriately sized cuff. Systolic (SBP), diastolic
(DBP) and pulse BP (PBP) were fixed. Systolic and
minute blood volume were also calculated, as the most
important indicators of the contractile function of the heart
and cardiac output. Determination of systolic and minute
volumes was calculated by an indirect method using Star’s
formula [27]. The HR and oxygen saturation (SaO,) were
also assessed by pulse oximetry device (CMS50D Contec
Medical System, PRC).

The study was conducted in accordance with the
principles of the World Medical Association’s Declaration
of Helsinki «Ethical Principles for Medical Research
Involving Human Subjects». Informed consent to
participate was obtained from all those included in the
study (parents of children or their guardians), which
emphasizes the absence of invasive interventions. The
study protocol was discussed and approved at a meeting
of the Biomedical Ethics Committee of Bukovinian State
Medical University.

Descriptive statistics analysis was done using program
Statistica (v.6, Statsoft). Quantitative data were presented as
mean and standard error of mean (M + SE), in comparisons
p-values were two-tailed and p<0,05 was considered
statistically significant. For assessment and explanation
data Al program «Copilot» (Microsoft) was used.
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The work was carried out as part of the planned scientific
research of the Department of Pediatrics, Neonatology,
and Perinatal Medicine of Bukovinian State Medical
University: «Chronobiological and adaptation aspects and
features of autonomic regulation in pathological conditions
in children of different age groups» (registration number
01220002245, duration 2022-2026).

Research results and discussion

According to our data, all cases of CAP classified
as mild or moderate, and no severe or complicated
forms were identified in the study cohort. The clinical
picture during the acute phase was characterized by
a systemic inflammatory response, with the majority
of children presenting with elevated body temperature,
tachycardia, and a significantly increased respiratory rate
(Table 1). These findings correspond well with established
clinical guidelines, which describe fever, tachycardia,

and tachypnea as early diagnostic markers of moderate
pediatric pneumonia [3].

In addition, in beginning of disease some proportion of
the patients with moderate CAP demonstrated outward signs
of respiratory effort, including nasal flaring, mild intercostal
retractions, and occasional use of accessory respiratory
muscles, indicating compensatory mechanisms to maintain
adequate ventilation. SaO, measurements confirmed the
presence of mild hypoxemia in the acute period. Although
oxygen saturation improved progressively with treatment,
it did not fully normalize during early recovery, a trend also
noted in previous observational studies [3, 28]. This delayed
normalization of oxygenation may reflect ongoing reparative
processes in the lung parenchyma and residual ventilation —
perfusion mismatch, which tends to resolve more slowly
than clinical symptoms. The persistence of slightly reduced
Sa0, emphasizes the importance of monitoring oxygenation
even after the child’s general condition has visibly improved.

Table 1
Blood pressure and related disease parameters in children with CAP
Parameter CAP group
(M+m) Admission (Day 1-2) Early Recovery (Day 4-7) Healthy group
1 | Systolic BP, mmHg 104.5+9.2 98.7 + 8.5* 111.246.5
2 | Diastolic BP, mmHg 68.3+7.1 64.1 + 6.5" 72.5+4.8
3 | Pulse Pressure, mmHg 36.2+4.3 34.6 +4.0* 38.7+3.8
4 | Heart Rate, bpm 126.8 £ 13.7* 1024 £ 11.2* 86.419.8
5 |[Stroke Volume, ml 59.9+ 6.6* 71.6+ 8.4 68.5+ 5.8
6 | Cardiac Output, | 5.05+ 1.5 7.31£ 0.8 5.91+£ 0.6
7 |Temperature, °C 38.7 + 0.6” 36.8 + 0.3" 36.4+0.3
8 |Sa0, (%) 93.2 £ 3.9 96.3+1.7* 98.6+0.2

* — Statistical difference with healthy group and ** — admission with recovery, (p<0.05)

BP was altered during illness: SBP was 104.5+£9.2 mmHg
at admission and decreased to 98.7 + 8.5 mmHg in early
recovery; the healthy group mean SBP was 111.2 +6.5mmHg.
The same dynamic was with DBP but PBP — they were lower
than in healthy group but without significant difference
between them. Stroke volume had peculiar dynamic with
lower level at admission (59.9 + 6.6 ml) and increased in early
recovery (71.6 + 8.4 ml) even more than in healthy control
(68.5 = 5.8 ml). Cardiac output had nearly same dynamic.

The mean SBP in both periods in patient was lower
possibly due to vasodilation, altered autonomic regulation,
or fluid shifts associated with systemic inflammation [4, 21].
These hemodynamic changes were accompanied by a mild
narrowing of pulse pressure, which may reflect a transient
reduction in stroke volume or increased peripheral vascular
resistance. Treatment of pneumonia in patients was
successful and produces stepwise improvements in vital
signs as inflammation resolves, oxygenation improves, and
the child becomes hemodynamically stable. As treatment
progressed, BP values demonstrated a gradual upward
trend toward age-appropriate norms, supporting the
hypothesis that these changes are reversible and primarily
functional rather than structural.

Tachycardia is common in infection and fever
improves with recovery but remains elevated. SBP lower
during illness and early recovery, likely due to systemic
inflammation or reduced vascular tone. DBP had similar
trend as systolic BP, indicating overall hypotension
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during CAP. Narrowed pulse pressure may reflect reduced
stroke volume or increased peripheral resistance. Stroke
volume initially reduced, likely due to impaired cardiac
function or dehydration; improves with treatment. Cardiac
output increased during recovery due to compensatory
mechanisms including rise stroke volume and decrease
of HR.

Our findings of hemodynamic and oxygenation
are consistent with prior pediatric CAP literature. As
reported elsewhere, fever and systemic infection were
associated with tachycardia that declined with clinical
recovery. Elmeazawy R. et al. (2025) show that heart rate
sometimes remained above baseline despite symptomatic
improvement [11]. Investigators from Japan Akita
University — Watanabe K. et al (2020) show the same
reaction as in our research, when stroke volume was
reduced on admission and improved with treatment, while
cardiac output rose during recovery as stroke volume
increased and heart rate decreased [21]. Hypoxemia were
common on presentation and improved but was not fully
normalized in early recovery [28]. These observations
align with previously published cohorts and physiologic
studies [15].

Conclusions. Our data clearly illustrates the
physiological burden of CAP on both cardiovascular
and respiratory systems. Recovery leads to partial
normalization, but some parameters — like SaO, and
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cardiac output, may take longer time to fully return to
baseline. It’s show how systemic illness like CAP affects
multiple organ systems and how recovery is gradual rather
than immediate. In managing children with CAP must be
avoided routine aggressive fluid loading with signs of
cardiac compromise.

Prospects for further research. It may be rational
to study blood pressure changes in other respiratory
pathologies, such as acute bronchitis and bronchiolitis.
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3MIHU APTEPIAJIBHOT'O TUCKY V¥ JITEA HWIKIJILHOTO BIKY 3 TOCTPOIO MHEBMOHIEIO
FO. M. Heuumaiino, O. I Bypax

BykoBHHCHKMIi Aep:kaBHMIT MeIUYHUIT YHiBepcUTeT
(M. YepHiBui, Ykpaina)

Pesiome.

TocTpi 3amanbHi 3aXBOPIOBaHHS ANXAIBHUX HUISXIB 3QJIMIIAIOTECS OCHOBHOIO MPUYHHOIO 3aXBOPIOBAHOCTI, TOCHiTaNi3amii Ta
CMEpTHOCTI J1iTell y BcboMy cBiTi. Cepenl HUX € 3HauyyIolo roctpa no3aiikapHsHa nHeBMoHis (I'TIIT), Ha sky npunagae npuOIN3HO
16% cBiTOBUX cMepTeii cepel aiTei BikoM 110 11’siTh pokiB. [leiaTpudHi NposiBU MHEBMOHIT HOMITHO BiZIpi3HSAIOTHCS Bifl THX, IO CIIO-
CTepIraloThes y JJOPOCIIHX, OMHAK HAsBHICTh CEPLIEBO-CYIHHHHX CYITyTHIX 3aXBOPIOBAHb MOXKE YCKJIQAHUTH KIIIHIYHUH mepedir y Bcix
BIKOBUX Tpymnax. JJOCTOBIpHO BCTAHOBJIEHO, L0 PECIipaTOpHA MATOJIOTis BUKJIMKAE CEPLEBO-CYIMHHI 3MiHH, 5K OB’ s13aHi 31 3HAYHO
TiIBUIEHUM PU3UKOM HECIIPUSTIMBHUX HACHTIAKIB.

Merta nocimkennsi. OLiHUTH 3MiHH apTepiajJbHOTO TUCKY Y AiTeH 3 TOCTPOIO MO3aTiKapHIHOIO ITHEBMOHIEIO MiJT 9ac rocTpoi dasu
Ta PaHHBOTO OJY’>KaHHSI.

Marepiaau Ta metonn. Y nociimkeHHs Oyno BkiarodeHo 30 miteit Bikom 8-12 pokis (cepemaniii Bik 11,0+0,2 poky) 3 aiarHo3om
I'TIII. I'pymy mopiBHsHHS ckianu 30 310poBUX AiTel OHAKOBOTO BiKy Ta cTaTi. Y Ipymi XBopux BuMiptoBaHHs AT MpoBOIWIH JBiYi:
y JIeHb TocHiTani3anii Ta Ha paHHBOMY €Talll BiTHOBJIEHHsI. TakoX OLiHIOBAJIK YACTOTY CEPLIEBUX CKOPOUYEHD i HACHUCHHS KPOBI KUCHEM.
JlocnipkeHHs MPOBOAMIIOCS 3 ypaxXyBaHHAM NpuHIUIB [enbciHchkol neknapaitii BeecBiTHROT MeanyHOT acomianii « ETHyHi npHHITUTHA
MEIUYHUX JOCII/PKCHD 32 YYACTHO JIIOMHHHU B SIKOCTI 00’ €KTa TOCIIKEHHs». Y BCiX 0Ci0 BKIFOUCHUX B AOCHIIKCHHS OYJI0O OTPHUMaHO
indopmMoBaHy 3roxy Ha y4acTs (6aTbKiB miTel abo iX OmiKyHiB), sika aKLIEHTyBaJla yBary Ha BiJICYTHOCTI iHBa3iifHUX yTpy4aHs. [IpoTokon
JOCITi/KEHHsI 0OrOBOPEHO Ta 3aTBEp/XKEHO Ha 3aciflaHHi KoMicii 3 610eTHKH ByKoBHHCBHKOTO J1ep>kaBHOTO MEIUYHOTO YHIBEPCHUTETY,
PIIICHHSM SIKOi BOHO 0YJI0 CXBaleHO. AHaJIi3 OMTUCOBOI CTATHCTUKH IIPOBOMIIM 32 TOTTIOMOTOF0 Tiporpamu Statistica (v.6, Statsoft). Kinb-
KiCHI JJaHi II0ZIaHO SIK Cepe/lHe 3HaUYeHHsI Ta CTaHJapTHa noxuoka cepennboro (M + SE); nmpu mopiBHSIHHI BUKOPHCTOBYBAITH JIBOCTOPOHHI
p-3Ha4eHHs, i p<0,05 BBaXkanocs CTATUCTUYHO 3HAYYIIMM. J[JIs1 OIHKY Ta MOSICHEHHS AaHUX BUKOPUCTOBYBAJIacs MporpaMa MTyqYHOro
intenekty «Copiloty (Microsoft). Pobora BikoHaHA B paMKaX IIAHOBOI HAYKOBO-IOCHTiHOT poOOTH Kadenpu neaiarpii, HEOHATOIOT i1
Ta NepHHATAIFHOT MEANIIMHE ByKOBHHCBKOTO JIEp>KaBHOTO MEAMYHOTO YHIBEPCUTETY: « XpOHOOIONOTIUHI i aganTariiHi acliekTy Ta
0COOJIMBOCTI BEreTaTHBHOI PEryJisiLil IPH MaToJOTiYHUX CTaHaX y AiTel pi3HuX BikoBHX rpym» (Ne nepxaBHoi peectpanii 01220002245,
TepMiH BukoHaHHs 2022-2026 pp.).

Pe3ysabraTi nocsixkeHHst. BiqmosinHo 10 3araisHOT0 CTaHy BCi BUIAIKU THEBMOHIT Oysu KiiacudikoBaHi sK Jerki a00 cepenHboi
TSDKKOCTI; TSDKKHX 200 yCKIaJHeHHX (OopM He BHSBIEHO. Y TocTpiil (asi crocTepiranucs 03HakM CHCTEMHOI 3araibHOl BiANOBII, 30-
KpeMa IiJ[BUIIEHHS TeMIIepaTypy Tijla, TaXiKap/is Ta TaxXilHOE, a TAKOX MPOSIBH JIETKOT TiMoKceMil, siki 30epirajiucs i B paHHii nepion
onyxanHs. [TokazHuku AT (CHCTOIIYHOTO, A1aCTONIIYHOTO Ta MYJILCOBOT0) B 00MBA MEPioAr OyIH HIDKIMMH, HiX Y 3/I0POBHX JiTeH, 1110,
HMOBIpHO, IOB’s13aHO 3 Ba30AMJIATALIIEIO TA 3MIHAMH BEreTaTUBHOI PeryIsiii Ha T1i 3ananenHs. Ha mouarky 3aXBOproBaHHS BigMidanocs
3HWDKEHHSI YIAPHOTO 00’ €MY Ta CEpIIEBOTrO BUKHUTY, SIKE 3r0OI0M 3MiHIOBAJIOCS 3pOCTaHHM [IMX MOKA3HUKIB y MPOIIEC] TiKyBaHHS Pa3oM
i3 OCTYNOBUM 3HM)KEHHSIM YaCTOTH CEPLEBUX CKOpoueHb. OTpUMaHi pe3ysbTaTH y3TO[DKYIOThCS 3 JaHUMHU MOMEPEIHIX J0CIiIKEHb
i cBiT4YaTh PO (GyHKI[IOHATBHUI Ta 3BOPOTHHUIT XapaKTep reMOANHAMIUHHX | OKCUTEHAI[IHHUX 3MiH Y IiTeH i3 TOCTPOIO ITHEBMOHIEIO.

BucnoBkn. Y Bunazxax I'TIIT 3pocTae ¢i3ionoriune HaBaHTa)XEHHS SIK Ha CEPILIEBO-CYIMHHY, TaK 1 Ha TUXaJbHYy CUCTeMH. BinHOB-
JIEHHs! IPU3BOIMTE JI0 YaCTKOBOI HOpPMaTi3allii, ajie Jisl AeSKUX napaMeTpis, Takux sk SaO, i cepueBuil BUKUI, MOXE 3HaTOOMTHCS
OiplIe yacy, 1100 MOBHICTIO MOBepHYTHCS 10 BuxigHoro piBHs. ['TIIT sik cucTeMHe 3aXBOPIOBAHHS Bpakae JAEKiIbKa CHCTEM OPraHiB,
1 Ofly>KaHHS € MOCTYIIOBHUM, a He MUTTEBUM. [Ipu nikyBanHi xiteit 3 I'TIIT ciin yHUKaTH arpecHBHOTO HaBaHTaXKEHHS PiJJMHOIO Y 0Ci0
3 03HAKaMU MMOPYIICHHS CEPIEBOI TisTBHOCTI.

KurrouoBi ciioBa: rocTpa mo3ajikapHsiHa MTHEBMOHIs; IiTh; apTepiansauil Tuck; YCC; cepiieBuil BUKU/IL.
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