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ABSTRACT

BACKGROUND: Pneumonia continues to be a serious public health concern in the 21st century because of its high prevalence
and significant mortality, especially in adults, where the incidence can be as high as 14 cases per 1000 people. Community-
acquired pneumonia is generally mild but can potentially lead to dangerous complications in elderly and immunocompromised
patients, requiring hospitalization in up to 50% of cases and with a mortality rate of 0.7 per 1000 people annually. Acute
kidney injury is a serious complication, occurring in up to 52.5% of cases of severe community-acquired pneumonia.
THE AIM of the study was to assess the renal function in young patients (18-44 years) with severe community-acquired
pneumonia and without a history of underlying chronic diseases.

METHODS: The renal function of 220 patients aged 1844 years without preexisting chronic comorbidities who received treat-
ment in the intensive care unit (ICU) for severe community-acquired pneumonia (SCAP) between 2011 and 2017 was evaluated.
RESULTS: Severe community-acquired pneumonia in young adults without chronic comorbidities was associated with a diastolic
blood pressure below 60 mmHg in 146 patients (66.3%) and bilobar or multilobar lung involvement in 141 patients (64%). Acute
kidney injury (AKI) complicated SCAP in 25.4% of cases. In SCAP, AKI was more frequent in viral-bacterial cases (31.91%) than
in bacterial cases (20.8%) (p < 0.05). The frequency of AKl increased with SCAP severity, with AKI developing in 85.7% of patients
within an average of 2.5 (2-3) days after initiation of mechanical ventilation (p < 0.01). SCAP complicated by AKI was associated
with a significantincrease in hospital stay, ICU stay, and mortality. The median hospital stay of patients with SCAP was 23 (18-30)
days in those without AKI and 28 (20-43) days in those with AKI (p < 0.01). Additionally, the median ICU stay for patients with
SCAP was 3 (2-4) days in those without AKI and 4 (3-7) days in those with AKI (p = 0.001). Mortality was significantly higher
in SCAP patients with AKI (10.7%) than in those without AKI (0.6%) (p < 0.01). Complete renal function recovery was observed
in 99.52% of surviving patients, with normal urine output and serum creatinine levels.

CONCLUSIONS: Despite advances in early diagnosis and modern pharmacotherapy, community-acquired pneumonia remains
a clinically significant condition. Severe cases are characterized by respiratory failure and dysfunction of multiple organs and
systems, including the kidneys. The high incidence of AKI in SCAP indicates the need for heightened awareness and early detec-
tion of its potential occurrence.

Keywords: community-acquired pneumonia; viral-bacterial pneumonia; respiratory failure; acute kidney injury; kidney failure;
creatinine; glomerular filtration rate; urine output.
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HapyweHnusa ¢yHKUUM noyeK npu BHEOOSIbHUYHOW
NMHEBMOHUM TAXKENOro TeYeHUs Y UL, MONI0A0r0 Bo3pacTa

[.W. Kopabenbhukos' 2, .M. Koxosanos', M.0. Maromepnanues'2

11586-1 BOEHHBIN KIMHUYeCKWIA rocnuTtans, Mofonbcek, Poceus;
2 MOCKOBCKMUI MeINKO-CoLManbHbI MHCTUTYT M. ®.1. Taasa, Mocksa, Poccus

AHHOTALNA

BeepeHue. [HeBMOHMA ocTaeTcs cepbe3Hoi npobnemoii B XXI BeKe M3-3a BbICOKOI pacnpOCTPaHEHHOCTU M 3HAUUTESNIBHOMO
uucna neTanbHbIX UCXOAO0B, 0COOEHHO Cpeam B3POCHbIX, FAe 3aboneBaeMocTb MoXeT focturatb 14 cnydaeB Ha 1000 ye-
noBek. TeyeHne BHEOONBHUYHON MHEBMOHUM 0OBIYHO NIETKOE, HO MOXET MPUBECTU K OMACHBIM OCTOKHEHUAM Y MOXMWIbIX
1 UMMyHOZ,eDULMTHBIX MauMeHTOB, Tpebys cTaumoHapHoro nedvenns fo 50% cnyyaes u ¢ cMepTHocTbio 0,7 Ha 1000 yenoBek
B rof. 0aHMM 13 cepbesHblx ocnoxHeHui Bl saensetca octpoe nospexxaeHue noyek (OM), KoTopoe MOXET pa3BMBaTbLCA
10 52,5 % cnyyaes npu Tsxenon Gopme.

Lenb — u3yuntb GyHKUMIO NOYEK NpyU BHEBOMBHUYHONM MHEBMOHMM TSKENOr0 TeUYeHUs Y NaLMeHTOB MON0AO0ro Bo3pacta
(18-44 net) 6e3 cOMyTCTBYIOLLMX XPOHMYECKMX 3aboNeBaHuiA.

Metog. WccnepoBaHa dyHKUMA noyek npu BHEGOABHWUYHON MHEBMOHUM Tsxenoro TeyeHus y 220 naumeHToB B BO3pacTe
ot 18 fno 44 net Be3 conyTCTBYIOLIMX XPOHUYECKUX 3abosieBaHNiA, NONYYaBLUMX JieueHWe B OTAENEHUU peaHUMaLIU U UHTEH-
cuBHoi Tepanum ¢ 2011 no 2017 .

PesynbTartbl. BoissneHo, uto y 146 (66,3 %) naumeHToB MONOAOr0 Bo3pacTa 6e3 CONYTCTBYIOLLMX XPOHUYECKMX 3ab0NEBaHMIA
TAKECTb TeYeHUs BHEeOObHUYHOM NHEBMOHMM COMPOBOMAAETCA HU3KMM AWACTONIMYECKUM apTepUanbHbIM AaBNieHUeM (Me-
Hee 60 MM pT. cT.), y 141 (64 %) 60nbHOrO — [BYX- MM MHOTOAO0MEBLIM MOPAXKEHWUEM JIEFOYHOM TKaHU. TAXeNoe TeyeHue
BHEDO/IbHUYHOW MHEBMOHUW OCIIOKHSAETCA OCTPLIM MOBPEXAEHWEM MoyeK B 25,4 % cnyyaes. lpu BUpycHO-baKTepranbHom
3TMONOTMM BHEOONIBHUYHON MHEBMOHUM TSKENOT0 TEYEHMs YacToTa BCTPEYaEMOCTH OCTPOr0 NOBPEXIEHUS MOYEK COCTaBIAET
31,91 %, npu bakTepuanbHoit atvonorum — 20,8 % (p < 0,05). Octpoe noBpexeHMe NoYeK UMEeET TEHAEHUMIO K YBENM-
UEHMI0 PacnpoCTPaHEHHOCTU C YBENIMHEHNEM TAXKECTU TeueHUs BHEDBONbHWYHOW MHeBMOHMM. OcTpoe NOBpeXAeHWe NoyeK
pa3BuBaeTcs B 85,7 % cnyyaes B cpeHeM yepes 2,5 (2—3) oHsA noc/e Hayana UCKYCCTBEHHOM BeHTUNALMM nerkux (p < 0,01).
lMoKa3aHo, 4T0 0CNOXHEHUE BHEDOOIbHUYHOW MHEBMOHMM TSXKENOM0 TEYEHWUS B BUAE OCTPOrO MOBPEXAEHMS NOYEK CTaTUCTU-
YECKYW 3HAYMMO YBENIMYMBAET MPOACITKUTENBHOCTD JIEYEHUS B CTALMOHApe, B OTAENEHNM PeaHMMaLmMn U MHTEHCUBHOW Tepa-
MWK, a TaKKe neTanbHOCTb. MeamnaHa nNpebbiBaHUA BOMbHBIX B CTaLMOHape NpU BHEBOMbHUYHOW MHEBMOHUM TAXENOro Te-
yeHus 6e3 ocTporo NoBpexxAeHNs noyek coctasuna 23 (18-30) AHs, a ¢ oCTpbIM NoBpeXKAeHUEM nodeK — 28 (20—43) aHeid
(p < 0,01). MeanaHa anuTenbHOCTU NpebbiBaHMs B OTAENEHUM PeaHUMaLMM U UHTEHCUBHOW Tepanuu 60MbHbIX, CTPaAALLMX
BHEOONbHUYHOW MHEBMOHUEN TSXKENOro TeHeHWs 6e3 0CTporo NoBpeXkaeHUs noyek, coctaBuna 3 (2—4) oHA, € OCTPbIM Mo-
BpexaeHneM nodek — 4 (3—7) aHs (p = 0,001). JleTanbHocTb B rpynne 60MbHbIX, CTPagatowmx BHEOONbHUYHOW MHEBMO-
HWeli TAXKEeN0ro TeYEHUs C OCTPbIM MOBPexAeHNeM nouek, coctasuna 10,7 %, be3 octporo nospexaeHus nouek — 0,6 %
(p <0,01). ¥ 99,52 % BbI300POBEBLUMX NALMEHTOB HabmoLaN0Ch NOSHOE BOCCTAHOBMEHME (YHKLUMM MOYEK C HOPMAJIbHBIM
061EMOM BbIAENSIEMOI MOYM M YPOBHEM CbIBOPOTOYHOTO KpeaTUHMHA.

3aknouenune. B LenoM, HECMOTPS Ha CBOEBPEMEHHOCTb AMArHOCTUKM U LOCTUMKEHUS COBPEMEHHOW (apMaKosorum, BHe-
BonbHUMYHAsA NHEBMOHMS COXPAHSET aKTYaNbHOCTb M NPU TSIKENOM TEYEHUU XapaKTepU3YeTCs He TOMbKO [bIXaTeNlbHoW Hepo-
CTaTOYHOCTbIO, HO W HapyLleHWeM QYHKLMIA ApYrvX OpraHoB U CUCTEM, B TOM YMCTe MOYEK, a YacTas BCTPeYaeMocCTb O0CTPOro
MNOBPEXAEHMSA NMOYEK MPU TSKENOM TeUeHUM BHEBOMbHUYHOWM MHEBMOHMM OMKHA 00ycnaBnMBaTh HaCTOPOXEHHOCTb B OT-
HOLLIEHWW BO3MOXXHOCTU €ro BO3HUKHOBEHMS.

KnioueBble cnoBa: BHEOONbHWYHAS MHEBMOHWS; BVIpYCHO-ﬁaKTepVIaJ'IbHaFI MHEBMOHUA; AblXaTeJibHad HeAO0CTAaTO4YHOCTb;
0CTpoe noepexaeHune noyekK; no4yeyHaa HeA0CTAaTOYHOCTb; KpeaTUHUH; CKOPOCTb KHY60LIKOBOI7I CI)MJ'IpraU,VIVI; 0bbem mMoum.
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BACKGROUND

In the 21st century, pneumonia remains a significant
challenge for the healthcare system owing to its widespread
prevalence across diverse populations. However, despite the
advancements in modern antibacterial agents and respiratory
support technologies, the mortality rate linked to community-
acquired pneumonia (CAP) continues to be high. In adults,
its incidence is up to 14 cases per 1000 people. The World
Health Organization reports that pneumonia and other lower
respiratory tract infections were linked to significant mortality
in 2019. This group of diseases ranked fourth among the
primary causes of death due to infectious diseases.’

According to official data, the average CAP incidence in
Russia was 391.8 per 10,000 people between 2011 and 2018.
However, the COVID-19 pandemic has altered these figures
substantially. In 2020, the CAP incidence in Russia increased
by 4.74 times compared to the pre-pandemic period, reaching
1856.2 per 10,000 people. The statistics included SARS-
CoV-2-caused pneumonia cases. The incidence rate was
2.93 times higher in 2021 than it was prior to the pandemic, at
1148.4 per 10,000 persons. SARS-CoV-2-caused pneumonia
has been counted individually from 2021[1].

According to reports, the incidence of pneumonia ranges
from 30%o to 50%o in conscripts and from 4%o to 6% among
contract servicemen—a significantly lower rate. Given its
high prevalence, this indicates the relevance of examining the
course of pneumonia in conscripts. A thorough understanding
of severe community-acquired pneumonia (SCAP) in young
populations is essential for enhancing therapeutic outcomes
in military conscripts [2, 3].

Although CAP is typically not severe, older adults with
concomitant respiratory or cardiovascular disease and
patients with immunodeficiencies stand a risk of developing
life-threatening complications. Up to 50% of patients require
inpatient care, with the annual mortality rate reaching 0.7 per
1000 persons. Every fourth to fifth hospitalized patient
requires treatment in the intensive care unit (ICU) [4].

CAP can be accompanied by potentially life-threatening
complications, including pleurisy, empyema, acute
respiratory distress syndrome, sepsis, disseminated
intravascular coagulation, and acute kidney injury (AKI).
All these complications pose substantial health risks and
require comprehensive and timely treatment.

AKl is associated with impaired renal excretory function,
leading to the accumulation of uremic toxins and water,

" The WHO published statistics on the leading causes of death and

disability worldwide for the period 2000-2019. Available at: https://www.
who.int/ru/news/item/09-12-2020-who-reveals-leading-causes-of-death-
and-disability-worldwide-2000-2019 Date of access: December 18, 2024.
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hyperhydration and depression of the heart muscle, and
combined (hydrostatic and non-hydrostatic) pulmonary edema.
Mechanical ventilation exacerbates damage to the lungs,
kidneys, and heart by triggering the release of inflammatory
mediators, often requiring prolonged respiratory therapy with
artificial ventilation in renal dysfunction patients. Thus, SCAP
is characterized by a vicious circle of mutual damage to the
lungs and kidneys [5].

AKI is a frequent complication of CAP. Research
indicates that the probability of mortality in CAP and
AKI patients, especially those on mechanical ventilation,
increased dramatically [6], and CAP was complicated by AKI
in 16%-25% of cases [7]. In SCAP patients, the incidence
of AKI was up to 52.5% [8], surpassing 70% in those with
influenza A (H1N1) virus-induced SCAP [9]. However, despite
existing publications, data on renal function in young patients
(18-44 years) with SCAP without chronic comorbidities
remain limited.

This study aimed to evaluate renal function in young
patients (18—44 years) with SCAP without chronic comor-
bidities.

Study objectives:

1. To evaluate the clinical characteristics of young patients
with SCAP complicated by AKI.

2. To determine the AKI incidence in young patients with
SCAP.

3. To determine the effect of mechanical ventilation on
AKI development in young patients with SCAP.

4. To assess the influence of AKI on the length of hospital
and ICU stay, as well as on mortality rates, in young patients
with SCAP.

MATERIALS AND METHODS

This retrospective cohort observational controlled study
included 220 patients aged 18-44 years who were diagnosed
with SCAP and received treatment from 2011 to 2017
at the anesthesiology and reanimation unit and intensive care
unit of Military Clinical Hospital No. 1586 (Podolsk).

Exclusion criteria: a history of acute and/or chronic kidney
disease; diabetes mellitus; atherosclerosis; cancer; prior large
vessel surgery; use of nephrotoxic drugs (aminoglycosides,
amphotericin B); and a history of radiocontrast use, regardless
of the duration of its use.

The study patients were divided into two groups: group 1
included 164 patients with SCAP without AKI; group 2
included 56 patients with SCAP and AKI.

Diagnosis and treatment were conducted in accordance
with the current Russian clinical guidelines. Clinical severity
and prognosis were assessed, and treatment options were
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selected based on recommended clinical and laboratory
indicators (criteria) as well as multifactorial scales: SMRT-CO
(systolic blood pressure, multilobar infiltration, respiratory
rate, tachycardia, confusion, oxygenation) [10], SOFA (sepsis-
related sequential organ failure assessment) [11], CURB-65
and CRB-65 (confusion of consciousness, nitrogen content,
respiratory rate, blood pressure, age 65 years or older) [12],
and SIRS (systemic inflammatory reaction syndrome) [13].

The diagnosis, stage stratification, and AKI treatment were
carried out based on current Russian [14] and international
recommendations [15, 16] applicable at the time of diagnosis
and treatment. AKI was defined according to the KDIGO
(Kidney Disease: Improving Global Outcomes) system [16]
as any of the following alterations in parameters: increase
in serum creatinine (SCr) by =0.3 mg/dL (26.5 pmol/L)
within 48 h; or increase in SCr to >1.5 times baseline, which
is known or presumed to have occurred within the prior
seven days; or urine volume <0.5 mL/kg/h for 6 h.

In most cases, data pertaining to baseline SCr levels were
missing; therefore, estimated baseline SCr (ebSC) levels
were used [15]. The following formulas were employed for
the calculations:

ASCr (abc.) = SCr — pSCr, (M

where ASCr (abs.) is the absolute change vs. the estimated
baseline SCr, pmol/L;

2)

ASCr(otH.) = Str :
pSCr'
where ASCr (rel.) is the relative change vs. the estimated
baseline SCr.
The baseline SCr levels are presented in Table 1.
Following an AKI diagnosis, all patients received primary
intensive nephroprotective drug therapy. In case of AKI
progression, they underwent renal replacement therapy (RRT)
in accordance with the current Russian and international
guidelines. Nephroprotective drug therapy was administered
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based on established principles and aimed to alleviate
hypoxia of the tubular epithelial cells.

Statistical analysis was performed using Excel
2013 of Microsoft Office 2013 and SPSS Statistics
packages. Inter-group differences were evaluated using
the nonparametric Mann—Whitney U-test. The Spearman
rank correlation coefficient was used to evaluate the strength
of the relationship between the parameters. Results are
presented as Me (Q,; @;5), where Me is the median and
@5 and Q;; are the lower and upper quartiles, respectively.
The Pearson y’-test was used to ascertain the correlation
between the two categorical variables. Differences were
considered statistically significant with p-value < 0.05.

The study was conducted with the approval of the In-
dependent Ethics Committee at the F.P. Gaaz Moscow
Medical and Social Institute (Protocol No 1 dated May 18,
2020).

RESULTS AND DISCUSSION

The study population comprised male SCAP patients
aged 18 to 44 years with a median age of 20 years (19; 22),
representing the typical demographic of individuals receiving
treatment in military hospitals. Among patients without
chronic comorbidities, SCAP was associated with low (less
than 60 mm Hg) diastolic blood pressure (DBP) in 146 (66.3%)
patients and with bilobar or multilobar lung tissue damage in
141 (64%) patients. While only 10.9% and 23.1% of patients
in groups 1 and 2 had systolic blood pressure (SBP) below
normal, respectively, 64% and 73.2% of patients in groups 1
and 2 exhibited DBP below normal.

In group 2, nearly all clinical and laboratory criteria
of disease severity were observed in a greater number
of patients and manifested with increased intensity.
Hypotension was more prevalent and lung damage was
more extensive in this group. Leukopenia was seen in 51.78%

Table 1. Estimated basal serum creatinine level, pmol/L (adapted from [15] R. Bellomo et al., 2004)
Tabnumua 1. PacyeTHbI Ba3anbHbIA YpoBEHb CHIBOPOTOYHOTO KpeaTuHUHA, MKMOJb/N (aaantupoBaHo u3 [15] R. Bellomo v coasr., 2004)

Age, years . Men_ . . Womer) .
(excluding black individuals) (excluding black individuals)
20-24 115 88
25-29 106 88
30-39 106 80
40-54 97 80
55-65 97 "
> 65 88 "

DBOI: https://doi.org/10.17816/brmmab29578
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of the patients, indicating a severe form of the disease. Thus,
each patient exhibited one or more SCAP markers (Table 2).

The study revealed a weak direct correlation (Spearman)
between CAP severity and AKI incidence using the SIRS
scale (r = 0.192; p < 0.05). A moderate direct correlation
was observed using the SOFA scale (r = 0.414; p < 0.05).
Additionally, weak direct correlation was found using the
SMRT-CO scale (r = 0.205; p < 0.05) and the CURB scale
(r=0.221; p < 0.05), while the CRB-65 scale showed a very
weak positive correlation (r=0.001; p < 0.05).

Out of 208 patients, 197 (89.5%) exhibited two or more SIRS
criteria for pneumonia severity: >38°C (febrile temperature)
or <36°C (hypothermia); heart rate =90/min (tachycardia);
respiratory rate >20/min (tachypnea) or hyperventilation with
blood carbon dioxide content <32 mm Hg; leukocyte count
>12 x 10%/L (leukocytosis) or <& x 10%/L (leukopenia) or >10%
bands (left shift). The proportion of patients demonstrating
two or more criteria was 69.6% and 34.7% in groups 2
and 1, respectively. Among the 208 patients assessed for
SCAP severity using the SOFA score, 100 patients (45.4%)
had a score of 2 or higher. Of these, 40% developed AKI.

Vol. 27 (1) 2025
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In contrast, only 11.11% of patients with SCAP and a SOFA
score of 1 developed AKI. Compared to 38.4% of patients
in group 1, 76.9% of patients in group 2 had a SOFA score
of 2 or above. The pneumonia severity was also assessed
using the SMRT-CO scale (n = 208), where patients with
a score of 3 were diagnosed with AKI in 33.3% of cases, and
those with a score of 4 were diagnosed with AKI in 43.3% of
cases. Sixty-six percent of patients in group 1 had a score
of 2, and 59.6% of patients in group 2 exhibited a score of
three or higher. In patients with SCAP, the incidence of AKI
increased in parallel with higher CURB scores (n = 213): AKI
was identified in 20.9% of patients with a SCAP score of 0-1,
in 31.25% with a score of 2, and in 75% with a score of 3 or
more. In contrast to just 1.9% of patients in group 1, 16%
of patients in group 2 had a score of three or higher. AKI
developed in 29.16% of patients with a score of 0 and in all
patients (100%) with a score of 3-4 on the CRB-65 scale
(n = 213), according to Table 3.

If the results of microbiology and virology testing was
negative, laboratory parameters (such as leukocyte count,
changes in leukocyte differential, C-reactive protein,

Table 2. Clinical and laboratory parameters of pneumonia severity in the examined
Tabnuua 2. Knunuueckue n nabopatopHble NoKasaTeny TAXECTU NMHEBMOHUM Y 0bcnelyeMblX BoMbHbIX

All patients Group 1 Group 2
Parameter p

n % n % n %
Respiration rate > 30/min 12 5.45 6 3.65 6 10.7 4.030 0.045
Blood oxygen saturation
(pulse oximetry) Spd, < 90% 34 15.45 22 13.4 12 21.4 2.052 0.15
SBP < 90 mm Hg 31 14.09 18 10.9 13 23.1 5.165 0.02
DBP < 60 mm Hg 146 66.36 105 64.0 41 73.2 1.579 0.20
Bilobar or multilobar lung damage 141 64.09 99 60.36 42 75 3.885 0.04
Extra_pu_lr_nonary site of infection (brain abscess, 2% 10.90 19 1158 5 8.9 0.303 058
meningitis, etc.)
Anuria 4 1.81 - - 4 1.4 - -
Leukopenia < 4x10°/L 14 33.63 45 21.4 29 51.78  11.085 <0.001
Arterial blood oxygen saturation Sp0, < 90%* 1 18.33 2 b 9 50 19.39  <0.001
Arterial oxygen tension PO, < 60 mm Hg* 19 31.66 10 22.2 9 50 5.263 0.022
Hemoglobin level < 100 g/L 22 10 13 7.90 9 16 3.077 0.080
Hematocrit < 30% 18 8.1 8 4.80 10 17.8 9.361 <0.05
Acute renal failure 56 95 4 B B 56 100 B B

(anuria, SCr> 0.18 mmol/L, urea > 15 mmol/L)

* A study of 60 patients with severe community-acquired pneumonia, 18 of whom had acute kidney injury.
* Uccneposahue 60 6onbHbIX, cTpapatomx BITTT, u3 Hux y 18 6bino Bbisenewo OIM.

DOl https://doi.org/10.17816/brmmab29578
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procalcitonin, etc.) were evaluated in conjunction with the
clinical parameters. In all, 125 (56.82%) patients experienced
bacterial SCAP, 94 (42.73%) patients had viral/bacterial SCAP,
and 1 (0.45%) patient had viral SCAP (Table 4).

In patients with SCAP and AKI, viral/bacterial
pneumonia was more prevalent than bacterial pneumonia.
Clinically, viral/bacterial SCAP is more severe than
bacterial SCAP. A SOFA score of two or higher was present
in 44.8% of the bacterial pneumonia patients, compared
to 52.17% of patients with viral/bacterial pneumonia. AKI
complications were documented in 31.91% of patients
with viral/bacterial SCAP and 20.8% of bacterial SCAP
patients (p < 0.05).

Out of 220 patients diagnosed with SCAP, 56 (25.45%)
experienced AKI, verified according to the KDIGO criteria.

Tom 27N 1, 2025
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Twenty-two (10%) patients had stage 1 AKI, twenty-six
(11.8%) had stage 2 AKI, and eight (3.6%) had stage 3
AKI.

In patients with viral/bacterial SCAP, AKI was detected
in 31.9% of patients. Among these, 11 (11.7%) patients
had stage 1 AKI, 16 (17%) had stage 2 AKI, and 3 (3.1%)
had stage 3 AKI. In patients with bacterial SCAP, AKI was
diagnosed in 20.8% of patients; among these, 11 (8%)
patients had stage 1 AKI, 10 (8%) had stage 2 AKI, and 5 (4%)
had stage 3 AKI.

Higher SCr levels and decreased urine volume, which are
frequent in AKI, were noted in 26 (11.8%) and 39 (17.7%)
of the SCAP patients, respectively. A total of 14 patients
(6.4%) exhibited an increase in serum creatinine (SCr) levels
of 1.5-fold or more: 6 patients (2.7%) had an increase

Table 3. Estimated severity of community-acquired pneumonia using SMRT-CO, SOFA, CURB, and CRB-65 scales
Tabnuua 3. OueHKa TaxecTH BHebobHUYHOM NHeBMOHUM no WwKanaMm SMRT-CO, SOFA, CURB, CRB-65

Score Group 1 Group 2 Y p
SOFA (n = 208)
0-1 96 12 23.111 <0.01
2-6 58 34 12.578 <0.00
7-20 2 6 11.093 <0.00
SMRT-CO (n = 208)

0 40 8 231 =0.12

1 37 9 0.93 =0.33

2 26 4 2.545 =0.1

3 36 18 2.701 =0.10
>4 17 13 6.284 =0.01

CURB scale (n = 213)
0-1 121 32 8.101 =0.01

2 33 15 0.786 =0.38
23 3 9 15.569 <0.01

CRB-65 scale (n = 213)

0 51 21 0.464 =0.50
1-2 106 31 2.659 =0.10
3-4 0 4 11.429 =0.00

Table 4. Etiology of severe community-acquired pneumonia in patients of both groups, abs. (%)
Tabnuua 4. 3tmonorvs BHEOOLHUYHON MTHEBMOHWM TSIKENOo TeueHus y 6onbHbIX 0beux rpynn, abc. (%)

Pneumonia etiology All patients Group 1 Group 2 Y p
Bacterial 125 (56.8) 99 (60.3) 26 (46.4) 3.305 0.07
Viral/bacterial 94 (42.7) 64 (39) 30 (53.5) 3.483 0.06
Viral 1(0.45) 1(0.6) 0 - -

DBOI: https://doi.org/10.17816/brmmab29578
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of 1.5-1.9-fold, 3 patients (1.36%) had an increase of
2-2.9-fold, and 5 patients (2.27%) had an increase of 3-fold
or greater. Among 39 (17.7%) patients with reduced urine
volume, 8 (3.6%) patients had a urine volume of 0.5 mL/kg/h
for 6 to 12 h, 24 (10.9%) had a urine volume of 0.5 mL/kg/h
or less for 12 h or less, and seven (3.1%) had a urine volume
of 0.3 mL/kg/h or less for 24 h or more (oliguria) or anuria
for 12 h or more.

Among the 56 patients with AKI, 9 (16%) exhibited two
key criteria: oliguria/anuria and increased SCr levels. Overall,
the renal function parameters in group 1 patients were within
normal limits (Table 5).

In the SCAP patients, 11 (5%) underwent mechanical
ventilation, two of them also received extracorporeal
membrane oxygenation, and AKI was diagnosed in 7 (63.6%)
patients. In groups 2 and 1, a total of seven patients
(12.5%) and just four patients (2.4%) required mechanical
ventilation, respectively. This difference in the frequency
of mechanical ventilation was statistically significant
(x? = 8.896; p = 0.003).

Of the 11 patients on mechanical ventilation, 7 (63.6%)
developed AKI. Among these, 6 (85.7%) were diagnosed with
AKI after an average of 2.3 days (Me = 2.5 [2; 3]) of being on
mechanical ventilation, and only one patient was diagnosed
with AKI before the onset of mechanical ventilation.
The association between mechanical ventilation and AKI was
statistically significant (x? = 66.717; p < 0.001).

Ten AKI patients received renal replacement therapy
(RRT) (Table 6). Among them, six patients underwent RRT
for stage 3 AKI, three for stage 2 AKI due to water and
electrolyte imbalance (hyperhydration and hyperkalemia)
and acid-base imbalance, and one patient for extrarenal
indications. Unfavorable outcomes were observed in stage 3
AKI patients who received RTT: three patients experienced
respiratory failure, two developed persistent multiple organ
failure, and one had septic shock. Following timely RT, three
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patients demonstrated improvement in their water and
electrolyte imbalance and acid-base imbalance. In one case,
pulmonary embolism caused the patient to succumb despite
receiving RRT.

In group 1, the duration of hospital stay was 11-96 days
(Me = 23 [18-30]), including an ICU stay of 1-19 days
(Me = 3 [2-4]). In group 2, the duration of hospital stay
was 11-75 days (Me = 28 [20-43]), including an ICU stay of
1-19 days (Me = 4 [3-7]) (Table 7).

Mortality in group 2 was significantly higher than that
in group 1 (10.7% and 0.6%, respectively) (x* = 13.836;
p < 0.01). In group 2, all seven patients who succumbed had
been diagnosed with viral/bacterial pneumonia.

At discharge, 98.2% of the group 2 patients had normal
SCr levels and urine volume. During the 3-month follow-up,
no indications of renal failure were seen, and the SCr levels
of the single patient who had a SCr level of 133 umol/L
at discharge reverted to normal.

Therefore, we conducted a comprehensive review of the
available literature on renal function in SCAP patients.
Although numerous studies have investigated the clinical
and laboratory markers of AKI, we were unable to identify
any that specifically evaluate AKI as a complication of
SCAP in young individuals without chronic comorbidities. It
has been reported that AKI complicated SCAP in over 50%
of cases. Even among patients with nonsevere CAP, AKI
was rather prevalent, occurring in 16%-25% of patients.
More than 70% of influenza A (HIN1) virus-associated
SCAP cases are known to result in AKI. In older patients
with long-term comorbidities, AKI is more prevalent. [5].

The prevalence of AKI in SCAP patients was found
to be 25.4%, which is slightly lower than that reported in
the literature. This discrepancy may be attributed to the fact
that the study participants were young and had no underlying
chronic comorbidities. CAP severity was linked to low DBP
in 66.3% of the patients. Compared to group 1 (patients

Table 5. Renal function parameters of the examined patients, Me (Q,; Q;5)
Tabnumua 5. Mokasatenn noyeyHol dyHKLUMKM obcnenyembix nauveHtos, Me (Q,s; @)

Group 2
Parameter All patients Group 1
stage 1 stage 2 stage 3
Urine volume, mL/kg/h 0.8 (0.59; 1.1) 0.9(0.7; 1.2) 0.7 (0.4; 0.9) 0.4(0.3; 0.4) 0(0;0.2)

SCr, umol/L
Absolute change in SCr

102 (90; 116)

97 (87; 108.5)

144 (123; 157) 105 (95; 113) 382.5 (112; 486)

against estimated baseline J13(<24;) =17 (<28; 6) 31 (11; 42) 9.5 (—18: 20) 2765 (6: 371)
SCr, umol/L
Relative change in SCragainst g6 079.1) 0,85 (075:0.94)  12(109: 14) 091 (082 1.15)  3.64 (1.06; 4.22)

estimated baseline SCr
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37



OPUMHATIEHOE VICCTTELIOBAHME Tom 27 Ne 12025 BecTHVK POCCUIMCKOM BOBHHO-MEAMLMHCKOM aKanemmm

Table 6. Parameters of group 2 patients who received renal replacement therapy
Tabnuua 6. Mokasatenu 6oNbHbIX 2-i FPYNNbl, NONYYaBLUMX 3aMECTUTESTbHYI0 MOYEYHYIO Tepanuio

= @ _
= R 8 =
| & 3 . = - = El 3
S 2 E Urine volume, = Indications E _Z w
? & g 3
o (=
. CVVHF, Respiratory
1 3 509  Anuria for =12 h 11 Stage 3 AKI CVVHDF Death failure
2 3 490 Anuriafor>12h 13 Stage 3 AKI HDF  Death Multiple organ
failure
3 3 482 Anuriafor>12h 14 Stage 3 AKI HDF Death f“:ﬁ{}'rzle organ
4 3 375  Anuriafor =12 h 17 Stage 3 AKI HD, HDF Death  Septic shock
5 3 112 Anuriafor=12h 83  Stage 3 AKI HDF+UF  Death Faeifupr'gamry
6 3 173 Anuriafor>12h 43 Stage 3 AKI HDF Death  hespiratory
failure
7 0 116 05ml/kgh 70 Non-renal indications HDF Death ulmonary
embolism
Water and electrolyte imbalance
8 2 203  <0.5 mL/kg/h for =12 h 37 and acid-base imbalance HF Recovery -
Water and electrolyte imbalance
9 2 133 <0.5 mL/kg/h for 212 h 59 and acid-base imbalance HF Recovery -
10 0 140 >0.5 mL/kg/h 57 Non-renal indications CVWHF  Recovery -
Note: GFR, glomerular filtration rate; CVVHF, continuous venovenous hemofiltration; CVVHF, continuous venovenous hemodiafiltration;

HDF, hemodiafiltration; HD, hemodialysis; UF, ultrafiltration; HF, hemofiltration;.
[pumeyaHue: GFR — ckopocTb knyboukoson dmnbtpaumnu; CVVHF — HenpepbiBHas BeHo-BeHo3Has reModunbtpaums; CVVHF — HenpepbiBHas BeHo-
BeHo3Has reMoauadunbtpauns; HDF — remoauadunbtpaums; HD — remoamnanus; UF — ynbtpadmnbTtpaums; HF — reModmnbtpaums; .

Table 7. Duration of hospital stay and intensive care unit stay of the examined patients, Me (Q,;—@;;)
Tabnuua 7. [1nuTenbHOCTb FOCMMUTANU3aLMY U HaXoXAeHUs 06CeayeMblX O0/bHBIX B OTAENIeHUM peaHUMaLMv U MHTEHCUBHOM Tepaniu
(OPUT), Me (Q,5—0;5)

MNokasartenb All patients Group 1 Group 2 Mann-Whitney U-test P
Duration of hospital stay, median 25 (19-30) 23(18-30) 28 (20-43) 28145 0,01
Duration of ICU stay, median 3 (2-5) 3 (2-4) 4 (3-7) 23845 0,00

with SCAP without AKI), hypotension was more severe in
group 2 (patients with SCAP with AKI). In group 2, 73.2% of

with severe sepsis of various origins. The study included
582 patients who underwent ICU treatment. Sepsis-

the patients demonstrated a DBP lower than normal limits,
and 23.1% of the patients exhibited an SBP lower than
normal limits. In group 1, DBP was lower than normal limits
in 64% of patients, and SBP was lower than normal limits
in 10.9% of patients. There was a statistically significant
difference in DBP across the groups (y2 = 5.165; p = 0.02).
Our results aligned with those of a study conducted by
Zhi et al. [18], who examined AKI development in patients

DBOI: https://doi.org/10.17816/brmmab29578

associated AKlI was observed in 315 patients. Arterial
hypotension was more prevalent in AKI patients than in
patients without AKI: mean SBP was 128.61 + 25.95 mm
Hg and 123.29 + 52.53 mm Hg, respectively (p = 0.00).
In groups 1 and 2, the DBP was 71.31 + 15.52 mm Hg and
67.5 + 18.33 mm Hg, respectively (p = 0.01).

The SOFA score for 119 (54%) patients was 2. SOFA scores
in group 2 were higher than those in group 1. For scores 0-1
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(p < 0.01), x* was 23.111; for scores 2-6 (p < 0.01), it was
12.578; and for scores 7-20 (p < 0.01), it was 11.093.

We confirmed a statistically significant correlation
between CAP severity and an increased risk of AKI. Therefore,
patients with more severe CAP had a higher risk of developing
AKI. We discovered a moderate correlation between the SOFA
score for SCAP severity and AKI incidence. In patients with
SCAP, AKI developed in 11.11% of patients with a SOFA score
of less than 2 and 40% of patients with a SOFA score of 2 or
more. A SOFA score of 2 was recorded in 76.9% and 38.4%
of patients in group 2 and group 1, respectively. Patients with
SCAP and a high risk of requiring respiratory support and
vasopressors (SMRT-CO score 3) experienced a higher AKI
incidence (33.3%). For patients with an SMRT-CO score of 4
or higher, this risk rose to 43.3%.

With increasing CURB scores, SCAP patients were more
likely to develop AKI. In patients with CURB scores of 0-1
and 2, respectively, AKI developed in 20.9% and 31.25% of
cases. In patients with a score of 3 or more, AKI developed
in 75% of patients. These results highlight the need for
careful monitoring of disease severity in patients with SCAP
to prevent AKI.

This study revealed that AKI was more prevalent in
viral/bacterial SCAP patients. A total of 53.5% and 46.4%
of patients with AKI exhibited viral/bacterial SCAP and
bacterial SCAP, respectively (p = 0.07). In group 1, 39%
of the patients had viral/bacterial SCAP, while 60.3%
of the patients experienced bacterial SCAP (p = 0.06).
Viral/bacterial SCAP was associated with a slightly higher
risk of developing AKI (31.91%) compared to those with
bacterial SCAP alone (20.8%) (p < 0.05). This emphasizes
the significance of the differential diagnosis between viral/
bacterial SCAP and bacterial SCAP for determining AKI risk
and treatment correction.

Zhi et al. compared the severity of patients with or without
AKI using the SOFA and APACHE Il scores [18]. The outcomes
were comparable for both groups. According to the authors,
AKI patients experienced a higher severity of the condition
as evidenced by the SOFA and APACHE Il scores. The SOFA
scores revealed statistically significant differences between
the groups (p = 0.001). The group without AKI included
267 patients with a mean score of 5.1 + 3.2, whereas
the group with AKI included 315 patients with a mean score
of 8.3+ 3.7.

Our results are consistent with earlier research
that demonstrated that mechanical ventilation was an
independent risk factor for AKI development in critically
ill patients. For example, Zhi et al. [18] detected
a statistically significant association between mechanical
ventilation and the risk of AKI development (p < 0.01).
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However, a prospective study by de Abreu et al. [19]
did not confirm this association. The authors found no
statistically significant association between non-invasive
ventilation and AKI in a cohort of 100 patients with lung
disease and severe respiratory failure (86 of them received
mechanical ventilation, and 14 received non-invasive
ventilation). Instead, they observed that an oxygenation
index below 200 was an independent factor linked to AKI
development. These inconsistent results highlighted the
need for additional research to elucidate the contribution
of mechanical ventilation in AKI development.

According to our data, the duration of hospitalization and
ICU stays in group 2 were significantly longer than in group 1.
All patients were transferred to the ICU based on the SCAP
treatment guidelines, and AKI was diagnosed as early as
possible by daily monitoring of SCr and urine volume. Strict
control and correction of fluid balance to avoid hypovolemia,
along with effective treatment of the underlying disease,
prevented AKI, slowed down AKI progression, prevented
chronic kidney disease (CKD) development, and mitigated
mortality risk.

Significant differences in mortality rates were noted
between patients with and without AKI: 10.7% and 0.6%,
respectively (x> = 13.836; p < 0.01). In 6 out of 7 lethal
outcomes, patients were diagnosed with stage 3 AKI.
Our results were consistent with those of a study by de
Abreu et al. [19], that involved 100 patients with respiratory
disease receiving treatment in the intensive care unit. Our
study demonstrated a significant difference in the mortality
rates between patients with and without AKI: the mortality
rate in AKI patients was almost 2.5 times higher than in those
without AKI (62.8% vs. 27.6%; p = 0.001).

A study by Shum et al. [20] discovered that AKI patients
were more likely to develop physiological and biochemical
abnormalities and comorbidities. The ICU, hospital, and
90-day mortality rates were comparable in patients with
or without AKI, although the rates increased with the AKI
grades. We hypothesized that AKI etiology plays a key role in
the frequency of fatal outcomes. Sepsis-related AKI mortality
rates reached up to 32%, statistically substantially higher
than prerenal AKI mortality rates from hypovolemia (19%;
p < 0.01). However, the mortality rates among cardiogenic
AKI patients were even higher (46%; p < 0.001).

A remote consequence of AKI may include CKD, which is
associated with disability and increased mortality. According
to different authors, 2%-33% of patients with a history of
RRT needed RRT again in the later period [18, 19]; these
variations may be attributed to AKI etiology.

With the exception of one case when the SCr at discharge
was 133 mmol/L, we discovered that all patients with SCAP
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and AKI demonstrate kidney function test results within
normal ranges. But during the three-month follow-up, this
patient’s SCr also returned to normal levels.

CONCLUSION

SCAP was found to be complicated by AKI in more than
50% of the cases. Even among patients with nonsevere CAP,
AKI developed in 16%—25% of patients. AKI was identified
in more than 70% of influenza A (HIN1) virus-associated
SCAP cases. AKI is more prevalent in older patients with
chronic comorbidities. Although multiple studies of AKI are
available, we found no studies specifically evaluating AKI as
a complication of SCAP in young individuals without chronic
comorbidities. Therefore, our results, as the first study in this
population, can contribute to the existing body of knowledge
on AKI.

In young patients (18-44 years) without chronic
comorbidities, AKI occurred in 25.4% of SCAP cases and
showed a moderate direct correlation with the underlying
etiology of SCAP; the AKI incidence was 31.91% and
20.8% in patients with viral/bacterial SCAP and bacterial
SCAP, respectively (p < 0.05). Additionally, there was
a tendency for AKI to occur more frequently as SCAP
severity increased. In patients on mechanical ventilation,
AKI developed in 85.7% of cases and began, on average,
2.5 days (2; 3) after the initiation of mechanical ventilation
(p <0.01).

AKI occurring as a complication of SCAP was associated
with a statistically significant increase in the duration of
hospital stay, ICU stay, and mortality. The median duration
of hospital stay was 23 (18-30) days in group 1 and
28 (20-43) days in group 2 (p = 0.01). The median duration
of ICU stay was 3 (2-4) days in group 1 and 4 (3-7) days
in group 2 (p = 0.001). The mortality rate was 10.7%
in group 2 and 0.6% in group 1 (p < 0.001).

Complete recovery of renal function, evidenced by normal
urine output and serum creatinine levels, was observed in
99.52% of recovered patients. At the 3-month follow-up, the
only patient who was discharged with a high SCr level had
this parameter returned to the normal levels.

Increasing physicians’ awareness about AKI risk in SCAP
patients, along with adherence to the treatment guidelines
for the underlying disease (SCAP) and timely diagnosis
and treatment of AKI, can prevent AKI development,
slow down its progression, prevent the development of
CKD, and reduce mortality. Timely assessment of renal
function through daily monitoring of SCr and urine volume
in SCAP patients enables an early diagnosis of AKI. This
facilitates optimization of fluid management, reduction of
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fluid overload, and adjustment of the therapy for electrolyte
disorders, including hyperkalemia, thereby preventing
hypovolemia and extravascular fluid accumulation
in the lungs. It also allows the initiation of nephroprotective
therapy at an earlier stage, helping prevent the progression
of kidney damage..
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AOMO/THUTE/IbHASA UHOOPMALIUA

Bknap aBsTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHbIN
BKJ1afl B Pa3paboTKy KOHLENUMM, NPoBEAEHME UCCe0BaHMS
¥ MOArOTOBKY CTaTbil, MPOYAM U 00bpUIM GUHaMBHYH Bep-
CUio nepeq nybnukaumen.

Bknap kaxpgoro aetopa. [1./1. KopabenbHukoB — paspa-
60oTKa 061l KOHLENLWKW, AW3aiiH UCCNEA0BaHSA, aHanW3 faH-
HbIX, HanucaHue ctatby; .11, KoHoBanoB — aHanu3 AaHHbIX;
M.0. MaroMefianneB — pa3paboTka 0bLLeN KOHLENUMK, aHa-
73 W CTaTUCTUYECKas 06paboTKa AaHHbIX, HanWCaHWe CTaTby.

BbnaropapHocTu. ABTOpbl BhipaxatoT 6narofapHoCTb
C.E. XopowwnoBy, A-py Mef. HayK, 3acCiyKeHHOMy Bpady
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Poccuiickoit Oepepaumu, 3aBeiytolieMy OTaeNleHNeM remo-
Ananu3a [NaBHOr0 BOEHHOMO KJIMHWMYECKOrO FOCMMTans WM.
akapeMvka H.H. BypaeHko (r. MockBa), 3a none3Hble 3ame-
YaHMA W NpUB/EYEHME MHTEpeca COO0bLLIECTBa Bpayen-He-
(GpoNIoroB M Bpavell — aHecTe3nosIoroB-peaHMMaTosioros
K TEMaTVIKe HaCTOsILLEN CTaTby.

JTyeckan akcnepTusa. VccnenoBaHye noydmno oao-
BpeHmre He3aBMCMMOr0 3TUYECKOr0 KoMUTETa NPy MOCKOBCKOM
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