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With the purpose of evaluating the possibility of describing hemodynamic pulmonary edema in infants with congenital
heart disease using the previously suggested sonographic phenomena “alveolar consolidation” and “interstitial syndrome”
in adults, 131 children of both genders were examined at the age of 1-246 days. Of these infants, 47 had congenital heart
anomalies, 51 had chronic somatic pathology and patent foramen ovale, and 33 had a somatic pathology associated with
either congenital heart disease or small heart abnormalities. The duration of observation and the number of sessions of
ultrasound scanning were determined by the health status dynamics of the infants. All infants were described in terms of
179 characteristics of physical examination and laboratory and instrumental findings obtained through standard proce-
dures. Echocardiography and ultrasound lung scans were performed with LOGIQ E (General Electric) and HD11 (Philips) using
linear, convex, and sector transducers (7-12, 3-5, and 1.7-4.0 MHz respectively). In addition to standard protocols of heart
and lung description, we also registered the square of consolidated parcels summarized for all lung segments, the number
of B-lines summarized for all lung segments, and the swing of diaphragm and lung movement and calculated the diaphragm
and lung swing ratio. An attempt to describe the differences between pulmonary circulation in terms of ultrasound sonogra-
phy for heart defects associated and not associated with blood filling in the lungs was successful. The total area of air-free/
consolidated subpleural parcels of lungs and the extent of interstitial lung syndrome were the most informative sonographic
characteristics. It was concluded that interstitial edema and alveolar consolidation, described in terms of transthoracic ultra-
sound sonography, are recommended for use as markers of the disorders of pulmonary circulation associated with congenital
heart malformations in infants.

Keywords: newborn; ultrasound sonography; interstitial lung disease; consolidation; hemodynamic pulmonary edema.
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C uenblo OLEHKM BO3MOXHOCTU MCNOJb30BaHWUS NPeAIOXKEHHbIX paHee AN B3pOC/bIX NALMEHTOB YNbTPa3BYKOBbIX COHOrpa-
duryecknx heHOMEHOB «anbBeONSIPHAS KOHCONMMAALMUSA» U KUHTEPCTULMANBHBIA CUHAPOMY» B BbISBIEHUM FeMOAMHAMUYECKO-
ro oTeKa Jierkux npu BPOXAEHHbIX NOPOKax cepaua y AeTel paHHero Bo3pacTta 6bin o6cnenosaH 131 pebeHok B BO3pacTe
1-246 pHel. N3 HMX 47 peTen uMenu BpOXAEHHbIE NOPOKK cepaua, 51 pebeHOK — XpOHMYECKY COMATUYeCKY NaToioruo
B COYETAHMU C OTKPbITbIM OBa/IbHbIM OKHOM, @ 33 pebeHka — COMaTMUYEeCKY0 NaTONOrMUI0, HE aCCOLMMPOBAHHYIO HU C BPOXIEH-
HbIMM MOPOKAaMM, HX C MaNbIMK aHOMANUAMKU cepaua. JnutenbHOCTb HAbNOAEHUS U KOMYECTBO CEAaHCOB Y3-CKaHMPOBAHUS
onpenensnnch TSXeCTblo U AMHAaMUKOM cocTosHUS pebeHka. Dopmann3oBaHHas kapTa Bkatovana B cebs 179 npusHakos, 3ape-
rMCTPUPOBAHHbIX B XoAe HU3NKaNbHOro, UHCTPYMEHTaNbHOro M N1abopaTopHOro nccnefoBaHUiM, NPOBEeAEHHbIX B COOTBETCTBUM
C NeNCTBYIOLWMMU KIIMHUYECKUMWU PEKOMEHAALMAMN. YNbTPa3BYKOBOE UCCNENOBAHME CEPALA U NETKMX NPOBOAUN MPU NMOMO-
WM ynbTpa3BykoBbix ckaHepoB LOGIQ E (General Electric) n HD11 (Philips) ¢ ncnonb3oeaHnem AMHENHOr0, KOHBEKCHOMO M CeK-
TOPHOTrO AATYMKOB € YacToTamu 7-12, 3-5 1 1,7-4,0 MIy cooTBETCTBEHHO. [IONONHUTENBHO K CTAaHAAPTHBIM XapaKTepucTUKam
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OMUCaHUA CepaLa U NErkux perucTpupoBanm CyMMapHYHo No BCEM CErMeHTaM NoWwaab KOHCONMAMPOBAHHbIX YYAaCTKOB IEFKMX,
CYMMapHOEe Mo BCEM CErMeHTaM NIerkux KoNn4YecTBo B-nnMHui, aMnanTyny ABUXKEHUS Anadparmbl, aMIAUTYAY ABUKEHUS NTETKUX,
a TakXe pacCYuUTbIBaNM OTHOLLEHWE aMNAUTYA ABUXKEHUS Avadparmbl u nerkux. MonbiTka oNUCaHUS reMOAMHAMMUKM B MAIOM
Kpyre KpoBoobpalleHuUs B TEpMUHAX YNbTPa3BYKOBOM COHOrpadum Nerkux ansg ciyyaes AedekToB, 4OCTOBEPHO BAUSIOLLMX Ha
HanoJIHeHWe Manoro Kpyra KposoobpaleHus M AOCTOBEPHO He BAMSALWMX, OKa3anacb ycnewHon. Hanbonee nHdpopmatms-
HbIMU XapaKTepuUCTUKaMK Bblnn ynbTPa3ByKoBas CyMMapHas niowaab 6e38034yLHbIX CybnaeBpanbHbIX Y4acTKOB NErOYHOM
TKaHW 1 BbIPAXXEHHOCTb MHTEPCTULMANBHOIO CUHAPOMA B nerkux. CaenaH BbIBOA, O TOM, YTO Y/IbTPA3BYKOBbIE MOKA3aTeNN WH-
TEPCTULMANBHOIO OTEKA M aNlbBEONSPHOW KOHCONMAALMM Lienecoobpa3Ho UCNONb30BaTb B KAYeCTBE MapkepoB reMoAnHaMuye-
CKMX HapyLLIEHWIA B MasIoM Kpyre KpoBoob6palleHUs Npu BPOXKAEHHbIX MOPOKaX CepAaLa y fieTeil paHHero Bo3pacTa.

KntoueBble cnoBa: HOBOPOXAEHHbIE AETU; YyIbTPA3BYKOBAA ANArHOCTUKaA, IAHTepCTIALI,l/IaJ'IbeIﬁ CUHOPOM; KOHCONMUAaUua; remo-

OUHAMUYECKUI OTEK NIETKUX.

BACKGROUND

The last decade was marked by progress in the field of
diagnostics of lung diseases, particularly with the use of
ultrasound imaging. The accumulation of experience in
the use of transthoracic ultrasonography in the diagnostics
of a sufficiently wide range of pathology attributed to the
competence of internists, surgeons [10], and pediatricians
[5, 19]. Moreover, special attention is paid to investigate
the possibilities of employing sonography in intensive care
units and newborn departments, that is, where diagnostics is
required right at the patient’s bed; however, until now, these
studies remain at the level of pilot projects [18, 23, 24].

Transthoracic ultrasonography of the lungs is pos-
sible because of the presence of extracellular fluid in the
lung tissue. Extracellular fluid first makes the alveolar
walls thicker (first phase) and then fills the alveoli (sec-
ond phase) because of inflammatory or hemodynamic
edema. In the first phase, the disturbance of the normal
air-liquid ratio is visualized as an artifact (reverbera-
tion) that represents as linear hyperechogenic signals
that can be counted and called comets [3, 4, 6, 9, 14,
15, 17] or B-lines [13, 21]. The emergence of such lines
is usually considered as evidence of the so-called in-
terstitial syndrome [12, 16, 22, 23]. During the second
phase, the alveoli are filled with liquid, the pulmonary
consolidation areas are visualized and counted and are
called “alveolar consolidation™ [11, 23].

Ultrasonography was repeatedly utilized to deter-
mine the state of the lungs in cardiac pathology in adults
[7, 8, 20] than in children. This is largely because of
the complex features of heart failure formation in early
childhood, which in most cases makes it impossible to
classify confidently.

The aim of the study is to evaluate the possibilities
of using two ultrasonographic phenomena, namely, “al-
veolar consolidation” and “interstitial syndrome,” in
detecting hemodynamic pulmonary edema in congeni-
tal heart diseases in young children.

MATERIALS AND METHODS
The study was conducted in the neonatal resusci-
tation and neonatal departments of Pediatric Depart-

ment No. 3 of St. Petersburg State Pediatric Medical
University.

A formalized card included 179 signs recorded dur-
ing the course of physical, instrumental, and laboratory
studies performed in accordance with current clinical
guidelines [1, 2].

Ultrasound examination of the heart and lungs was
performed using GE LOGIQ E and Philips HD11 ultra-
sound scanners with linear, convex, and sector probes
at 7-12, 3-5, and 1.7-4.0 MHz, respectively. During the
examination, the patient lay in supine position, then in
prone position, and, in some cases, in the edgewise po-
sition. Diagnostic programs were expanded as part of an
in-depth description of lung conditions through ultraso-
nography. The following sonographic characteristics of
the lungs were recorded [10, 19, 24]:

1) The area of the consolidated lung sites in mm? (Air-

LessTotal), total for all segments.

2) The number of B-lines in units (SDtot), total for all
lung segments.
3) The amplitude of diaphragm excursion, mm (Diaf-

Move)

4) The amplitude of lung movement, mm (LungMove)
5) The ratio of the amplitudes of the diaphragm excur-
sion and lung movement in units, calculated value

(DiafLung)

Overall, 131 pediatric patients of both genders (53%
were boys) aged 1-246 days were examined. Because
the present study considered the presence of any ana-
tomical possibility of blood exchange between the small
and large circulatory systems, the functioning open oval
window (OOW) and open arterial duct (OAD) were
considered a defect at any age. Table 1 presents the dis-
tribution of the pediatric patients examined into groups.

The duration of observation and the number of ses-
sions of ultrasound scanning were determined by the
severity and dynamics of the child’s condition. Table 2
presents the most common characteristics of the exam-
ined patients.

In general, the proportion of the pediatric patients
with severe condition at the start of the study was ap-
proximately 30%.
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Table 1
Total number of pediatric patients examined and their distribution into the diagnosis groups
Tabnuua 1
O6uwee konnuecTBo ob6cnefoBaHHbIX AeTel U UX pacnpeesieHne No rpynnamM AMarHo3oB
Primary diagnosis Number of pediatric patients | Age (days) | Number of studies
Total number of the patients examined 131 1-246 240
Number of pediatric patients with congenital heart disease 47 2-246 74
Number of pediatric patients with other pathologies, including: 84 1-130 91
« other pathology + open oval window 51 5-97 76
Table 2
Brief general description of the patients examined
Tabnuya 2
KpaTkas obuwas xapaktepuctuka 06cnenoBaHHbIX
Characteristic Mean value (M) Average error from M Range of values
Gestational age at birth (weeks) 334 0.3 24-42
Body length at birth (cm) 43.6 0.5 28-59
Body weight at birth (g) 2054 64 640-4650
Apgar 1 (points) 7 (median) - 1-9
Apgar 5 (points) 7 (median) - 1-9
Body weight as of the day of examination 2656 76 650-5790
Table 3
Distribution of pediatric patients with cardiac pathology according to the main diagnoses
Tabauya 3
Pacnpepenenue petert c natonoruei cepaLa No 0OCHOBHLIM AMArHO3aM
Defect Age (days) at the time | Number of pediatric Number of studies Dimensions (mrT1)
of examination patients Max Min
Only OOW 1-166 57 79 3.7 1.0
OOW in the complex 5-246 30 49 4.2 1.0
Only OAD 8-39 5 8 3.0 1.0
OAD in the complex, in- 2-104 20 36 4.5 1.0
cluding:
* Closed during the follow-up 25-97 2 20 => 0.0
Only IASD 9-73 7 8 8.0 2.0
IASD in the complex 9-159 9 14 8.0 3.0
Only IVSD 20-124 8 9 10.0 2.0
IVSD in the complex 2-246 25 38 10.0 1.0
Pulmonary artery stenosis in 10-86 3 7 B _
the complex
Anomalous pulmonary veins 2.125 5 3 _ _
drainage in the complex
Ipumeuanue: OO0 — oTkpsITOE OBanbHOE 0KHO; OAITl — OTKpBITHIN apTepuanbHblit mpoTok; JJMIIIT — nedexr mexnpencepa-
Hoii meperopoaku; IMXKII — nedext MexKenyI0uKoBO MeperopoaK.
Note: OOW, open oval window; OAD, open arterial duct; IASD, interatrial septal defect; IVSD, interventricular septal defect

Table 3 shows the distribution of pediatric patients
with cardiac pathologies according to the main diagno-
ses. The exclusion criteria for pediatric patients in this
group are as follows: the presence of pneumonia, me-
conium aspiration, bronchopulmonary dysplasia, and
respiratory distress syndrome.

In most pediatric patients, the functioning OOW,
which in some cases reaches a diameter of 4.2 mm,
was determined steadily with discharge of blood from
left to right. However, when blood dynamics was ob-
served, only two cases had cessation of blood flow
through it.
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Table 4

Variants of the combinations of various defects
Tabnuua 4

BaleaHTbI KOMOMHaUNM NMOPOKOB U OTKPbITOro OBaJibHOro OKHa

Defect Age (days)

Number of pediatric
patients

Dimensions (mm)
Max Min

Number of studies

oow 5-104

+ OAD

13 26 4.2

by
o
_—

oow
+1VSD

2-246

11 15 4.0

IASD
+1VSD

9-159

oow
+1VSD
+ OAD

17-61

et e ud Bl sl s
hoo|oun|loco| oo

IASD
+ OAD

7797

._.
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IVSD
+ OAD

46-73

(0]0)%% 2
+IVSD
+ OAD
+ anomalous pulmonary vein drainage

_.
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S| ON

IASD
+1VSD
+ anomalous pulmonary vein drainage

118-125

oow
+ OAD
+ PAS

10-67

IASD 45
+1VSD
+ PAS

._.

—_
Dl
oo

oow
+1VSD
+ PAS

58-86

.0
0

o0 W

pulmonary artery stenosis

IHpumeuanue: OO0 — oTkpbITOE OBadbHOE 0OKHO; OAIl — OTKpPHITHIH apTepuansHblil mpoTok; JMIIIT — nedexT mexnpencepa-
Hoii eperopoaku; IMKIT — aedekt MexokeaynoukoBoit meperopoaku; CJIA — cTeHO3 JIerouHO# apTepHH.
Note: OOW, open oval window; OAD, open arterial duct; IASD, interatrial septal defect; IVSD, interventricular septal defect; PAS,

Table 5

Distribution of pediatric patients without heart and lung diseases by diagnoses

Tabauuya 5
Pacnpepenenue neteit 6e3 nopaxeHus cepaLa v Nerkux no AMarHosam

Diagnosis Number of the patients Age (days) at th.e time of Number of studics
examined examination

Intra-amniotic infection of the fetus 31 2-97 40
Hypoxic injury of the CNS 32 1-130 51
Diseases of the GIT, moderate hypotrophy 21 1-166 23

Note: CNS, central nervous system; GIT, gastrointestinal tract

Ipumeuanue: ITHC — nentpanbHas HepBHas cuctema; JKKT — xei1y04HO-KUIIEYHBIH TpaKT

The presented data reveals that of all the examined
pediatric patients, only three had a pulmonary circuit
disorder.

OAD was recorded in 53% of the pediatric patients
in the cardiological group in a period of 2-104 days,
and its closure was recorded in only two patients in the

late period. This was because OAD was part of a com-
bination of defects and not a single defect in most cases
(see Table 4).

Table 5 presents the distribution of pediatric patients
without heart and lung disorders. The inclusion crite-
rion of the patients in the comparison group was the
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Table 6

Significance of the characteristics describing interstitial syndrome and alveolar consolidation and pulmonary heart in pediatric
patients with an OOW and incomplete drainage of pulmonary veins through ultrasonography

Ta6nuya 6

3HayeHue XapaKTeEPUCTUK, ONUCbIBAKOLWLNX IAHTepCTMLI,IAaﬂbeIVI CMHOPOM M aNbBEONAPHYH KOHCONMMNAOAUMUK, @ TAKXKE XapaKTepu-
CTUK NpaBbliX OTAENOB cepaua B TEpPMUHAX yanpa3ByKosoV| COHOFpaCbVIVI y neten ¢ OTKPbITbIM OBa/IbHbIM OKHOM U HEMNOJIHbIM

APEHaXXOM NeroYHbix BeH

Mean value
Defect Characteristic T P
type 0* 1*
AirlessTotal 96.88000 64.97468 1.15164 0.250829
SDtot 10.70400 9.94937 0.77272 0.440593
LA 10.53660 10.57568 —-0.10054 0.920032
OOW without other defects RV 9.71099 10.10000 —0.64921 0.517238
PA 7.90408 8.55541 —-1.02932 0.304793
PAV,.. 1.30029 1.13615 1.06965 0.286201
PAP 2577027 23.11087 1.18104 0.239960
AirlessTotal 78.44000 299.0000 —2.02040 0.044669
SDtot 10.40000 13.0000 —-0.65700 0.511934
Incomplete drainage of pul- LA 10.53472 12.1500 —0.88738 0.376072
monary veins combined with RV 9.84056 10.6667 —-0.40327 0.687348
other defects PA 8.18343 8.2333 ~0.02079 0.983440
PAV, .. 1.22556 1.5167 —0.48593 0.627602
PAP 24.90254 15.8000 1.06322 0.289851
Ipumeuanue: 0¥ — net nedexra, 1¥ — ecthb AeeKT, BBIACICHO CYLIECTBEHHOE pa3indne; LA — auaMeTp JeBOro mnpeacep-
nus (Mm); RV — nuameTp npasoro xenynodka (Mm); PA — nuamertp serounoit aprepuu (Mm); PAV — MakcuManbHas CKOPOCTh
KpOBOTOKa B JIero4Hoit aprepuu (M/c); PAP — cpennee naBnenue B nerounoit aprepun (Mm Hg).
Note: 0%, no defect; 1*, presence of a defect, an essential difference is allocated; LA, diameter of the left atrium (mm); RV, diameter
of the right ventricle (mm); PA, diameter of the pulmonary artery (mm); PAV, blood peak flow in the pulmonary artery (m/s); PAP,
average pressure in the pulmonary artery (mm Hg); OOW, open oval window

absence of history of pathology of the heart and lungs
according to clinical, instrumental, and laboratory signs
and absence of such pathology at the time of the study.

Due to the multifactor data of the phenomena under
study, multiple regression analysis and routine paramet-
ric estimation methods (Student-Fischer 7-test) were
used to analyze obtained results. The data was statis-
tically analyzed by the standard tools of Statistica for
Windows ver. 6 (StatSoft Inc., No. AX204B521115F60).

RESULTS

An attempt to describe the hemodynamics of the
pulmonary circuit with defects are priori known to af-
fect (incomplete drainage of the pulmonary veins) and
do not affect (OOW) the filling of the pulmonary cir-
cuit through ultrasonography appeared to be success-
ful (see Table 6). Furthermore, no differences were
observed between groups of pediatric patients with and
without a functioning oval window on the basis of the
registered characteristics, despite the fact that the size
of the window in a significant proportion of the children
was quite large (see Table 3). In incomplete drainage of

the pulmonary veins, there was a significant 3.8 times
increase in the area of alveolar consolidation (AirLess-
Total) (p = 0.045), with no differences in the size of the
left atrium, right ventricle, pulmonary artery diameter,
blood peak flow, and mean pulmonary artery pressure
due to the presence of compensating defects.
Considering that the sample had a large number of
complex defects, multiple linear regression modeling
(stepwise inclusion) was performed, with a prelimi-
nary choice of factors at the level of interconnection not
exceeding 0.4. A total of 19 models were created with
explained dispersion level of 35%-82% with the in-
cluded characteristics, namely, AirLessTotal, SDtot,
LungMove, and DiafMove, treated in combination
and individually. Tables 7 and 8 show the results of the
modeling using SDtot and RV characteristics, control,
physical, and laboratory characteristics, as well as char-
acteristics of the heart and right lung segment in terms
of ultrasonography. The regression of coefficients equa-
tion presented in Table 7, which shows an insignificant
correlation of the characteristics (Durbin—Watson corre-
lation coefficient of 0.26), provide 78% of the explained
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Table 7
Results of the regression modeling of the SDtot characteristic value. Regression summary for dependent variable: SDtot (ivan_
data_w9), R = 0.93244324, R=.93244324 R?=.86945039 Adjusted R?=.76263707 F(9,11) =8.1399 p <.00099 Std. Error of

estimate: 2.4241 Durbin-Watson d = 1.472474, Serial Corr. 0.263094
Tabnuua 7

Pe3ynbTaThl perpecCMOHHOro MOAENMPOBaHMS 3HaYeHUs xapakTepuctuku SDtot. Regression Summary for Dependent Variable:
SDtot (ivan_data_w9), R =.93244324 R? = .86945039 Adjusted R? =.76263707 F(9,11) = 8.1399 p <.00099 Std. Error of estimate:
2.4241 Durbin-Watson d = 1.472474, Serial Corr. 0.263094

ded | BETA of BETA B o BETA prlevel
Intercept 100.0492 19.64767 0.000348
m —0.856598 0.259351 —-0.0041 0.00125 0.007042
CardRate —-0.992885 0.167861 —-0.6257 0.10579 0.000101
AirLessTotal 0.316251 0.130543 0.0523 0.02160 0.033851
PAV, .. —-0.237113 0.130261 —1.3759 4.05203 0.096003
pO, —-0.107595 0.141044 —-0.0469 0.06149 0.461603
PA —0.659042 0.233702 -2.9361 1.04117 0.016667
RespRate 0.405810 0.161775 0.6498 0.25902 0.029065
DiafLung 0.280194 0.133050 2.0494 0.97313 0.058991
mass 0.425926 0.321814 0.0022 0.00163 0.212513

Ipumeuanue: m — macca tena npu poxjaenuu (r); CardRate — yacTora cepiedHbIX COKpANICHHUI B MOMEHT UcciienoBanus (1/MuH);
pO, — HampsKeHHE KHCIOPOJa B IIa3Me KPOBH B MOMEHT HcclenoBanns (MM Hg); RespRate — wacToTa JpIXaHuil B MOMEHT HC-
cinenoBaHus (1/MuH); mass — Macca Tejla B MOMEHT UCClIeoBaHu (T); mpoune 0003HAYeHHSI — CM. MOSICHEHHS K Ta0J. 6 U B TeK-
CT€, BBIJICIICHBI CYIICCTBEHHbBIC 3HAUCHUSI.

Note: m, birth weight (g); CardRate, the heart rate at the time of the study (1/min); PO, oxygen tension in blood plasma at the time
of the study (mm Hg); RespRate, respiration rate at the time of the study (1/min); mass, body mass at the time of the study (d);
other designations, see the explanations to Table 6 and in the text; the significant values are highlighted

Table 8
Results of the regression modeling of the RV characteristic value. Regression summary for dependent variable: RV (ivan_data_w?9)
R=.69223739 R? = 47919260 Adjusted R? = .41932968 F(10,87) = 8.0048 p <.00000 Std. Error of estimate: 2.1761 Durbin-Wat-

son d=1.263156, Serial Corr. 0.3680869
Tabnuuya 8

Pe3ynbrathl perpeccMOHHOr0 MOLENMpOBaHMS 3HauyeHus xapaktepucTuku RV. Regression Summary for Dependent Variable:
RV (ivan_data_w9) R =.69223739 R?=.47919260 Adjusted R? =.41932968 F(10,87) = 8.0048 p <.00000 Std. Error of estimate:
2.1761 Durbin-Watson d = 1.263156, Serial Corr. 0.3680869

Hccen MBI td. Err. td. Err.
Xapca(;(TeeI;:)}I/fCTI/IIe(I/I BETA (?f (Ii3ETA B osf (113ETA p-level
Intercept 1.230303 1.595912 0.442850
M 0.238464 0.099291 0.000708 0.000295 0.018449
PAP 0.312879 0.085093 0.093431 0.025410 0.000408
LA 0.272323 0.094498 0.300839 0.104394 0.004980
SDtot 0.316294 0.105903 0.146247 0.048967 0.003664
OAD —-0.200700 0.084468 —-0.618692 0.260388 0.019695
000 0.245074 0.086941 0.572891 0.203234 0.005966
DMPP 0.189365 0.089900 0.430067 0.204173 0.038051
PA —0.158417 0.080136 —-0.087918 0.044474 0.050225
AirLessTotal —-0.202964 0.099895 —-0.003599 0.001771 0.045227
Days 0.167797 0.092230 0.013347 0.007337 0.072302
Ipumeuanue: OAD — nuameTp QyHKIIMOHHPYIOIIETO apTepruanbHOro nporoka (Mm); OO0 — nuaMeTp GyHKIHOHUPYIOIETO
OBaJILHOT'O OKHA B KoMILIekce nedexros (Mm); DMPP — nuameTp nedexra MexmpencepaHol neperopogku (Mm); Days — neHs xus-
HU HAa MOMEHT 00CJIeI0BaHUS; IpoUre 0003HAYSHUSI — CM. IOSICHEHUS K TaOJI. 6, 7 ¥ B TEKCTE, BBIAEIICHBI CyIIECTBEHHBIC 3HAUCHHUS.
Note: OAD, diameter of the functioning arterial duct (mm); OOO, diameter of the functioning oval window in the complex of
defects (mm); DMPP, diameter of interatrial septal defect (mm); Days, the day of life at the time of the examination; other designa-
tions, see the explanations in Tables 6 and 7 and in the text; the significant values are highlighted
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dispersion of the SDtot characteristic value, thereby re-
flecting the severity of the interstitial syndrome.

The negative coefficients with statistically signifi-
cant characteristics for m, CardRate, and PA, which
indicate that the SDtot value is greater in pediatric pa-
tients born with a low body weight and who have bra-
dycardia with a small pulmonary artery diameter at the
time of examination, is of particular interest. Together
with the positive coefficients for the AirLessTotal and
RespRate characteristics, the model correctly describes
the known fundamental regularities, and the coefficient
values indicate that pulmonary artery diameter greatly
contributed to the formation of the interstitial syndrome
compared to the birth weight.

Table 8 presents the coefficients of the characteris-
tics of the regression equation that determines the size
of the right ventricle. In accordance with classical no-
tions of physiology, it was assumed that the interstitial
syndrome and alveolar consolidation, with their suffi-
cient severity and duration, affect the size of the right
ventricle on a par with, for example, the effect of the
size of the septal defects. The coefficients of the regres-
sion equation presented in Table 8, with a moderate
interrelation of characteristics (Durbin—Watson correla-
tion coefficient of 0.37) indicated 42% of the explained
dispersion of the RV characteristic value.

Apparently, ultrasonographic characteristics reflect-
ing the interstitial syndrome and alveolar consolidation
reliably determine the size of the right ventricle.

The negative coefficient for the OAD characteris-
tic is explained by the fact that a significant number of
OAD, such as 7 of 12 without taking into account the
complex with an OOW (see Table 4), were involved in
complex defects for which a decrease in the discharge
along the duct leads to an increase in blood flow in an-
other defect. This also explains the effect of the diam-
eter of the oval window. The negative coefficient in the
PA characteristic is natural, and the negative coefficient
in the AirLessTotal characteristic has no explanation
and requires additional study using detailed measure-
ment of the pressures within the cardiac chambers.

DISCUSSION

Our results confirm the expediency of using the de-
scriptions of interstitial syndrome and alveolar consoli-
dation in terms of ultrasonography to assess the severity
of hemodynamic pulmonary edema in young children.

The frequency of inclusion of SDtot and AirLessTo-
tal characteristics in regression models that describe the
state of children’s lungs with congenital heart diseases
through indirect signs is extremely high.

SDtot (more often) and AirLessTotal (less often)
characteristics were included in almost all models, and
the results of the modeling almost always corresponded

to the classical notions of clinical physiology in describ-
ing the hemodynamics of the pulmonary circuit. The rare
inclusion of DiafMove, LungMove, and DiafLLung char-
acteristics in the models was somewhat surprising, which
can be partly explained by the low extensibility of the
lungs at this age and the fact that the diaphragm is of less
importance in organizing external respiration in infants.

The rarer inclusion of the AirLessTotal characteristic
can be explained by technical difficulties in calculating
the consolidation area, which resulted in a larger error,
as well as by the small number of pediatric patients with
consolidation, because the number of pediatric patients
with the first phase of edema at such an early age sig-
nificantly exceeds the number of pediatric patients with
a second phase of edema.

The disadvantage of the model, which equation is
presented in Table 7, is that it includes all control char-
acteristics, with the exception of body weight and, in a
less degree, the diameter of the pulmonary artery, and the
period of variability in time is minutes/hours. At the same
time, the period of change in the pronouncement of the
controlled variable, which is the interstitial syndrome, is
much longer (in days). This implies a high proportion of
randomness in obtaining the values of the coefficients in
such a combination. The model, which characteristics
and coefficients of the equation are presented in Table
8, partly eliminates this disadvantage because the vari-
ability period of controlled and controlling variables are
approximated to comparable quantities.

CONCLUSIONS

1. Interstitial edema and alveolar consolidation, de-
scribed in terms of transthoracic ultrasonography,
should be used as markers of hemodynamic disor-
ders of the pulmonary circuit in congenital malfor-
mations in children at an early age.

2. The characteristics of interstitial edema and alveolar
consolidation are reliably associated with clinical,
laboratory, and instrumental signs of the pulmonary
circuit.

Therefore, additional studies are required to develop
the decisive rules for differential diagnostics of various
types and stages of hemodynamic disorders of the pul-
monary circuit and to determine diagnostic errors when
using transthoracic ultrasonography as well as the mea-
surement of pressures within the heart cavities and large
vessels.
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