
1014 Bulletin of  Experimental Biology and Medicine, 11ol. 118, N o- 9, Sep tember ,  1994 

Morphometric Analysis of the Pulmonary Vessels 
in Premature Neonates 
G. I. Nepomnyashchikh, E. M. Malkova, 
and L. M. Nepomnyashchikh 

UDC 616.24-005-053.32-076.5 

Translated from Byulleten' Eksperimental'noi Bh)logii i Meditsiny, Vol. 118, No_ 9, pp. 311-314, September, 1994 
Original article submitted April 4, 1994 

In premature neonates with the respiratory distress syndrome the vessels of the pul- 
monary arterial system show stereotypical changes: dystonia with the predominance of 
vasoconstriction, a thickened muscular layer, and a narrowed lumen. A morphometric 
index is proposed: the coefficient of nonuniformity of the medial thickness of the vas- 
cular wall, which reflects a structural reorganization of the pulmonary vessels in dif- 
ferent pathological processes. 
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Disturbance of the pulmonary circulation during 
adaptation to postnatal life is a frequent cause of 
morbidity and death in neonates. Frequently, this 
manifests itseff clinically in the respiratory distress 
syndrome resulting from perinatal hypoxia. It is 
well known that normally, as the lungs begin func- 
tioning, a rapid and radical transformation of the 
blood vessels of  the pulmonary circulation occurs, 
promoting a drop of the hemodynamic  resistance 
and an increase of the pu lmonary  blood flow 
[1,2]. At the same time, there are some specific 
features of the fetal and postnatal development of  
the pulmonary vessels which facilitate the prompt  
switch to independent  respiration [5]. 

Morphometr ic  analysis of the pulmonary ves- 
sels of the respiratory compartment  has been per- 
formed in studies of adaptation to life outside the 
womb [7,8,14], as well as for different pathologi- 
cal states [6,9-13], but ,  for the most part, in ex- 
perimental studies. Investigation of the pulmonary 
circulation during the neonatal period has demon-  
strated an increased muscularization of the smaU 
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pulmonary arteries. [7]. Quantitative analysis of the 
parameters of the pulmonary arteries enables the 
level of disturbances of the pulmonary circulation 
in premature neonates with the respiratory distress 
syndrome to be objectively assessed. 

The aim of the present study was to quantify 
changes in the structure of the vascular walls in 
the respiratory compartment  of the lungs in pre- 
mature neonates with the respiratory distress syn- 
drome. 

MATERIALS AND METHODS 

We studied the pulmonary arteries m 31 dead neo- 
nates. In accordance with the main anatomico- 
pathological diagnosis 4 groups of observations were 
distinguished: 1) pneumopathies; 2) pneumonias; 3) 
craniocerebral birth trauma; 4) congenital heart 
defects. The neonates were distributed among the 
groups depending on the degree of prematurity. 

Morphometric analysis of the pulmonary arter- 
ies was performed using tissue sections stained af- 
ter Van Gieson. Differentiation of the arteries was 
performed at the preacinar and intraacinar levels 
(taking into account the contact of the arteries with 
the aeriferous components  of the lung) in accor- 
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dance with the structure of the vascular wall (the 
vessels of the muscular  and partially muscular  
type). The outer (Do) and the inner (Di) diameters 
of each artery, as well as the thickness of the 
medial layer (TML) of the walls of the muscular 
and partially muscular arteries, were routinely de- 
termined using an ocular micrometer mounted on 
an Epival microscope. 

The resistance of the pulmonary vessels to the 
blood flow was assessed by calculating the Kemogan 
index (K/) by the formula: _KI=TML/.Dp where 
TML was calculated by the formula TML=(Do-~) / 
2, and the percentage thickening of the medial layer 
[11]: TML,%=2 TMLx 100/DO. TML was measured 
taking into account its nonuniform thickening in 
different portions of one vessel. To elucidate the im- 
portance of this phenomenon we proposed the co- 
efficient of nonuniformity of the medial thickness 
(CNMT) calculated by the formula CNMT=I- 
(2TML/Do-Di). This coefficient ranges from 0 to 1 
and characterises the asymmetry of the vascular wall 
thickness. 

The results were processed using the software 
developed on an SM-4 computer. This software is 
designed to handle the following operations: utili- 
zation of the data base obtained in primary ob- 
servations, calculation of the above-mentioned mot-  

phometfic parameters, sampling according to types of 
vessels, the above-mentioned nosological forms, and 
the degree of prematurity for statistical analysis, as 
well as statistical processing of the results [3]. 

RESULTS 

Microscopic examination of the lungs of premature 
neonates [4] with pneumopathies and with the res- 
piratory distress syndrome of different (respiratory, 
cerebral, and cardiac) genesis demonstrated stereo- 
typical  s t romal -parenchymal  changes  (Fig. 1). 
Morphometric investigation of the arteries of the 
respiratory compartment  showed changes m the 
vascular wall architectonics in all groups examined. 

The intraacmar vessels of the muscular type 
were characterized by narrowed lumens along with 
an increased vascular resistance (maximum value of 
.KI 2.59+0.20) and by a thickened medial layer 
(up to 82.12+0.75%) (Table 1). At this level 
CNMT was similar in all groups of diseases, ex- 
cept for pneumopathies (0.14+0.01, p<0.05). 

The preacinar vessels of the muscular  type 
showed no marked changes in the parameters in 
question. The values of KI testified to a high vas- 
cular resistance at the preacinar level (1.12+0.06- 
1.57+0.13; p<0.05). Meanwhile, in pneumopathies 

TABLE i. State of the Pulmonary Vessels in Neonates with the Respiratory Distress Syndrome (M• 

Type and level of Group Do, ~t Di, ~t TML, ~t CNMT KI TML, % 
vesse l  

l n t r a a c i n a r  vessels 
of m u s c u l a r  t y p e  

28.33-----0.44 
28 .55~0 .39  
29.30-----0.29 
29 .05•  

6.06-----0.27 
6.60-4-0.27 
5.36-----0.24 
6 . 6 0 •  

11.13•  
10.98-----0.16 
11.97--0.15 
11.23-----0.18 

0.14---0.01 
0 .09•  
0 .09--0.01 
0.09-----0.01 

2.59-----0.20 
2 .12•  
2.43-----0.12 
2 . 0 0 •  

78.67-----0.84 
77.68-----0.80 
82.12-----0.75 
77.72-----1.06 

ii i :. :: i:: : ::::::: :: : : : : : : : : : : : : i i i :  6 ~ 9 a : i :  : i l l :  a :  ~ iii~ i': i : &  i : ~ilil : : :!i : : : :  

:::::::: :: :::::::::::::::::::::::::::::::::::::::::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  : : : : : : : : : :  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

.................................................. :. ...... .................. 4::: :.i:i :::::,::28i~3~0:,58:~ ::15i~1~058i::  )5i~:1:~0~4i~i i i0~18~---0]03 ) 0 i g 2 ~ 0 ! 0 3  

P r e a c i n a r  v e s s e l s  of 
m u s c u l a r  t y p e  

1 45.99-----0.90 
2 50.91-----1.00 
3 46.17"4-0.83 
4 45.18-----1.06 

.................................................... ................................ ~ ::~: : : ~ : :  , a ~  aT:: 

14.88-----0.81 
19 .07•  
13.80 •  
13 .86•  

::::::~: ::::" : " : :~ : :  :5: :::: 

15 .55•  
15.92-----0.33 
16.18-----0.31 
15 .66•  

i!iiiii~ii!6~i~oii351!ii 
i:]:]:i i:i: : 4 - - : : :  ...... 6 .~ : . -0~27 ...... 

0.16-----0.06 
0.14-----0.03 
0 .10--0.01 
0 .11•  

fii!iiii~i Ziii~Oi i021iiii 

1.57-----0.13 
1 .12 •  
1 .56•  
1 . 5 3 •  

iiiiii~i!30i~O i~31iiil 
iii!iiOii2~i~ioi~!o211ili 

68.66-----1.34 
63.73-----1.11 
70.93-----1.18 
70.33-----1.57 

ii i 3 0 i 3 6 1 ~ 1  i 6 ~  

Note.  Here and  in Table 2: p<O.05. 
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Fig. 1. Pathomorphological  changes in respiratory tissue of lungs of neonates with the respiratory distress syndrome. 
a) atelectasis, hyaline membranes; b) vessel of pulmonary artery system with thickened muscular layer and fragmentation 
of e las t ic  membrane ;  c) edema  of in ter lobular  sep tum,  capi l la ry  ec tas ia  into a lveo la r  lumens;  d} in t raa lveo la r  
hemorrhage,  plethoric capillaries, s ludge phenomenon.  Staining: a) h e m a t o x y l i n - e o s i n ,  • b, c, and d) S c h i f f -  
iodine  acid reaction, • 
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TABLE 2. Morphometric Indexes of Pulmonary Arteries as a Function ol the Degree o1[ Prematurity of Neonates (M--m) 

Type and  level of Degree of D o, g D i, g TML, g C N M T  KI TML, % 
vessel p rematur i ty  

Intraacinar  vessels 
of muscular  type 

Preacinar vessels of 

muscular type 

I 
II 
III 

I 
II 
III 

28.45---0.38 
28.91• 
29.00• 

5.84• 
5.924-0.24 
6.37-----0.22 

11,314-0.18 
11.504----0.17 
1 1 , 3 2 •  

0.11• 
0.10• 
0.11• 

2.43• 
2.484-0.17 
2.10---0.10 

46.59• 
48.29-----0.81 
47.42---0.75 

16.11 --4---0.96 
15.16• 
16.05• 

15.24• 
16.57-----0.30 
15.68-----0,27 

0.14• 
0.11• 
0.14-*-0.04 

1.30• 
1.664-0.12 
1.29-0.07 

I . . . . . . .  II1 ' 46165~1149 31i46~:1165 7::59• 0 ; 22 - 4 - 0103  0 1 3 0 •  

the tendency toward an increase in the CNMT was 
preserved (0.16+0.06; p<0.05). 

In pneumopathies the intraacinar vessels of the 
partially muscular type were also characterized by 
high values of CNMT (0.21+0.02; p<0.05). 

In congenital heart defects the preacmar ves- 
sels of the partially muscular type had the maxi- 
mu m values of medial thickness (8.35+2.18 m), of 
K/  (0.32+0.15), and of CNMT (0.30+0.07). 

Comparison of these types of vessels at these 
levels showed the presence of relationships attest- 
ing to the absence of marked differences in the 
above-mentioned morphometric parameters depend- 
ing on the anatomicopatholo#cal dia~daosis, except 
for changes in CNMT. In these groups, notably in 
pneumopathy, structural changes in the arterial wall 
were conducive to the preservation and to the in- 
crease of  pulmonary hypertension during the post- 
natal period and impeded the normal switchover to 
independent respiration. The results of morphomet- 
ric analysis, characterizing persistent pulmonary 
hypertension in premature neonates with the res- 
piratory distress syndrome, were identical for dif- 
ferent diseases. Comparison of the results depend- 
ing on the degree of prematurity demonstrated a 
total identity of the parameters and indexes in the 
pulmonary arteries (Table 2). 

Thus, morphometric analysis of the pulmonary 
arteries showed identical parameters for different 
nosological forms and no dependence on the de- 
gree of prematurity, as well as a characteristic re- 
lationship between these morphometric indexes and 

79.87• 
79,74• 
78.60• 

66.95• 
69.76• 1.13 
67.12• 

33:11• 
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The functional activity of vascular endothelium in a muscle preparation from the fe- 
line gastrocnemius is impaired with ethanol, which results in an increase of an adren- 
ergic responsiveness of the arterial compartment  of the vascular bed. The exchange 
function of  the microvessels changes little. Veins exhibit nonuniform changes in their 
responsiveness after exposure of their endotheliocytes to ethanol. 

Key Words: norepinephrine; blood vessels; skeletal muscle; endothelium; ethanol 

In studies carried out on strips and segments of 
major blood vessels, mainly arteries, endothel ium 
has been shown to contribute to the pattern of 
their responses to humeral  factors acting on vas- 
cular myocytes [7,10,11,14]. The role of endothe- 
lium in the vasomotor reactions of an organ as a 
whole has to be studied by a dosed, selective dam- 
age to the endothelium in consecutive portions of 
the vascular bed, while fully preserving the ex- 
change function of  the microvessels [1]. A dosed 
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impairment of the function of endothel ium with- 
out damage to its structural integrity in microves- 
sels of the organ may be achieved using chemical 
agents [7]. 

The objective of this study was to examine the 
norepinephrine (NE)-induced responses of the ar- 
terial and venous vessels of  the gastrocnemius 
muscle for different degrees of endotheliocyte dys- 
function caused by ethanol. 

MATERIALS AND METHODS 

The experiments were carried out on 23 urethane- 
anesthetized (1 g/kg) cats of both sexes. The vas- 
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