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cm/cm 2  (range 6.1–8.8) for 1- to 6-month-olds (n = 19) and 
6.7 cm/cm 2  (range 6.5–9.2) for 3-year-olds (n = 4). After the 
first week, there was no significant correlation between age 
and FCD.  Conclusion:  FCD of the buccal mucosa decreases 
after the first week of life.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Microcirculation plays a crucial role in the interaction 
between blood and tissue in both physiological and 
pathophysiological states. The analysis of microvascular 
blood flow alterations gives a unique perspective to study 
disease processes at the microscopic level  [1] . Measure-
ment of tissue perfusion is of great importance in inten-
sive care medicine, mostly because critically ill patients 
with abnormal tissue perfusion may develop multiple or-
gan failure, a complication associated with high mor-
bidity and mortality. Macrocirculatory parameters such 
as blood pressure, heart rate and hemoglobin oxygen
saturation are rather insensitive markers of tissue per-
fusion  [2] .

  A variety of techniques have been used to assess the 
microcirculation of critically ill patients. Orthogonal po-
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 Abstract 

  Background:  Changes in the microcirculation have been 
recognized to play a crucial role in many disease processes. 
In premature neonates, functional capillary density (FCD) 
decreases during the first months of life.  Objectives:  The 
aims of this study were to obtain microcirculatory parame-
ters in term neonates and older children who did not present 
with compromised respiration or circulation and to deter-
mine developmental changes in the microcirculation in 
young children.  Methods:  This single-center prospective 
observational study was performed at a level III university 
children’s hospital. Subjects eligible for inclusion were chil-
dren up to the age of 3 years who did not have any respira-
tory compromise, circulatory compromise or signs of dehy-
dration. The buccal mucosa of 45 children was assessed, us-
ing orthogonal polarization spectral imaging.  Results:  We 
found a significantly higher FCD in neonates younger than 1 
week compared with older children. The median FCD was 8.1 
cm/cm 2  (range 7.3–9.4) for 0- to 7-day-old neonates (n = 12), 
6.9 cm/cm 2  (range 4.7–8.7) for 8- to 28-day-olds (n = 10), 7.3 
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larization spectral (OPS) imaging is a technique for bed-
side visualization of the microcirculation in which polar-
ized light illuminates the area of interest, is reflected by 
the background, and is absorbed by the hemoglobin (Hb) 
of the flowing red blood cells in the microcirculation  [3] . 
Specific optic filtration allows the elimination of light
reflected at the surface of the tissue to produce high-
contrast reflected light images of the microcirculation. 
Therefore, in contrast to conventional intravital micros-
copy, there is no need to inject contrast or fluorescent 
dyes. This technique is safe, noninvasive and allows im-
aging of mucous membranes and surfaces of solid organs. 
The introduction of OPS imaging to clinical medicine 
has opened a new field of monitoring the microcircula-
tion for the investigation of the pathophysiological pro-
cesses of various disease states  [4] .

  The OPS imaging technique has been applied in adults 
in various clinical settings, mainly in sepsis. Little is 
known about the microcirculation in children and in-
fants. A few studies in newborns and infants have used 
videophotometric microscopy or laser Doppler to evalu-
ate blood cell velocity in the nailfold capillaries of the 
thumb  [5, 6] . More recently, the group of Genzel-Borovic-
zeny applied OPS imaging in premature and term infants 
to study the microvascular perfusion of the skin  [7, 8] . 
This transdermal application of OPS imaging proved 
useful in premature infants as a noninvasive procedure 
and provided quantitative data of microvascular diame-
ter and red blood cell velocity. The functional capillary 
density (FCD) in the skin of premature infants decreased 
significantly over the first month of life and correlated 
with decreases in Hb and incubator temperature  [7] .

  We published data on the buccal microcirculation in 
critically ill neonates  [8] . Most research in adults is done 
in the sublingual region. This region is difficult or impos-
sible to access in younger children because of the size of 
the probe, and measurements in this area are not as well 
tolerated. In children above the neonatal age, the quality 
of transcutaneous measurements is poor because the skin 
is thicker. The vasculature of the skin is also influenced 
by environmental factors such as temperature  [9] . The 
skin microcirculation has a specific function, namely 
thermoregulation. This function is not shared by other 
microcirculatory beds, which limits generality. In this 
study, the buccal mucosa was chosen as the site of inves-
tigation for several reasons. It shares a similar embryonic 
origin with the splanchnic mucosa, making it a relevant 
bed to study in pathological conditions  [10] . It is readily 
accessible and has become an important site for microcir-
culatory studies  [2] .

  The aim of the present study was to determine devel-
opmental changes in microcirculation by obtaining mi-
crocirculatory parameters in term neonates and children 
up to the age of 3 years who did not present with compro-
mised respiration or circulation. These data may serve as 
reference data for critically ill patients.

  Methods 

 Setting and Patients 
 This single-center prospective observational study was per-

formed at the surgical ward and the surgical intensive care unit of 
a level III university children’s hospital. Subjects eligible for inclu-
sion were children up to the age of 3 years who did not present 
with any respiratory or circulatory compromise or signs of dehy-
dration. These were mainly children with congenital malforma-
tions or children admitted for small surgical procedures. The age, 
gender, weight, underlying diagnosis and medication of all pa-
tients were recorded in a case report form. Written informed con-
sent was obtained from the parents or guardians. Children with 
fever, signs of infection, congenital heart disease or lung disease 
were excluded.

  Technique 
 The microvascular network was studied with a Cytoscan E-II 

Backfocus type device (Cytometrics, Philadelphia, Pa., USA) us-
ing a 5 !  objective. Data were recorded on a Sony DSR-20P digital 
video recorder. Segments of 5 s were selected and blindly analyzed 
offline by the first author. Quantification of the images was ac-
complished using FCD  [3] . The images created were analyzed 
with the Capiscope software (version 3.7.1.0, KK Technology 
1993–2000). For calculation of the FCD, the operator traced out 
the path of the moving red blood cells within the capillaries. Di-

  Fig. 1.  Example of measurement technique in one of the patients. 

Co
lo

r v
er

si
on

 a
va

ila
bl

e 
on

lin
e



 Functional Capillary Density in Infants Neonatology 2011;99:73–77 75

viding the total length of the perfused capillaries by the area of 
the field of view gives the FCD (cm/cm 2 ).

  Procedure 
 The microcirculation was assessed in the buccal mucosa. The 

inside of the cheek is readily accessible and intervention was well 
tolerated in this age group. Moreover, qualitatively good images 
could be obtained from this site. 

  In case the patient was scheduled for surgery, measurements 
were performed either before or at least 1 day after the surgery 
when there were no signs of postoperative pain or discomfort. All 
subjects had fasted for at least 30 min before the measurement. 
First, saliva was gently removed with gauze. The lens of the OPS 
imaging device was covered with a disposable sterile cap and was 
applied to the buccal mucosa without pressure ( fig.  1 ). Images 
from 3 different regions were obtained and stored on digital vid-
eotapes. Segments of 5 s were selected and computer captured in 
AVI format. Images had to meet quality criteria, including ade-
quate focus, the absence of saliva and the presence of visible cap-
illaries. Segments that did not meet these criteria were discarded. 
For every child, FCD values of the different video segments were 
averaged. 

  Statistical Analysis 
 The data were analyzed using SPSS 15.0. Pearson’s product 

moment correlation coefficient was calculated to establish the lin-
ear relationship between postnatal age and FCD. Patients were 
divided into 4 age groups: 0–7 days, 8–28 days, 1–6 months and 
2–3 years old. For comparison between the groups the nonpara-
metric Mann-Whitney test was applied.

  Results 

 A total of 45 patients were included (15 females, 30 
males). The age ranges within the different groups were 
0–4 days (median 2), 9–22 days (median 15), 36–169 days 
(median 77) and 1,151–1,416 days (median 1,228).  Table 1  
shows the diagnoses, the number of patients and the FCD 
per group. 

  The median FCD was 8.1 cm/cm 2  (range 7.3–9.4) for 
0- to 7-day-old neonates (n = 12), 6.9 cm/cm 2  (range 4.7–
8.7) for 8- to 28-day-olds (n = 10), 7.3 cm/cm 2  (range 6.1–
8.8) for 1- to 6-month-olds (n = 19) and 6.7 cm/cm 2  (range 
6.5–9.2) for 3-year-olds (n = 4) ( fig. 2 ).  Figure 3  shows an 
example of an image.

  Discussion 

 The main finding of this study was that the FCD of 
hospitalized infants was highest in the first week of life in 
term infants. This observation is consistent with findings 
from a study in premature and term neonates that em-
ployed this technique for measurements of the skin  [7] . 

Table 1.  Diagnoses, number of patients and gender per age group

Age
group

Diagnosis n Gender 
M/F

FCD
cm/cm2

0–7 total 12 5/7 8.1 (7.3–9.4)
days gastrointestinal 9

urogenital 1
meningomyelocele 1
sacrococcygeal

teratoma
1

8–28 total 10 6/4 6.9 (4.7–8.7)
days gastrointestinal 9

aplasia cutis 1

1–6 total 20 15/4 7.3 (6.1–8.8)
months gastrointestinal 17

urogenital 2
sacrococcygeal

teratoma
1

3 total 4 4/0 6.7 (6.5–9.2)
years gastrointestinal 3

subcutaneous abscess 1

F CD is presented as the median (range).
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  Fig. 2.  Boxplot showing FCD for different age groups (0–7 days,
n = 12), (8–30 days, n = 10), (1–6 months, n = 19) and (3 years,
n = 4). FCD for neonates younger than 1 week was higher com-
pared with older children (p  !  0.05). 
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Given that these were measurements of the skin, we can-
not compare the results other than to conclude that post-
natal reduction in FCD may be a generalized phenome-
non. It would seem that developmental changes of the 
microcirculation in early postnatal life are related to ad-
aptation after birth rather than postconceptional age. It 
is believed that an adult pattern of microvasculature in 
the skin is reached by the age of 3 months  [11] . An impor-
tant factor in this is cooling; therefore, it is unclear wheth-
er the same would apply for other microvascular beds.

  The higher FCD in the first week of postnatal life may 
be related to the notably higher cardiac output in the first 
week  [12] . This is likely because the circulatory altera-
tions that occur following birth impose an added work-
load (higher volume load and pressure load) on the left 
ventricle, whereas the pressure load on the right ventricle 
decreases. The added presence of a 2- to 3-fold increase 
in oxygen consumption at birth due to the work of breath-
ing, increased gastrointestinal function with feeding and 
especially the low temperature environment could be 
compensated for by higher systemic blood flow. More-
over, the high levels of fetal Hb reduce the oxygen extrac-
tion level  [12] . Over the first few postnatal days, resting 
cardiac output is highest and progressively falls after-
wards over a 6- to 8-week period  [12] . 

  Several other cardiovascular changes found during 
the initial weeks following birth could account for the 
reduction in FCD observed here. Wu et al.  [13]  found an 
increase in skin peripheral vascular resistance during the 
first 7 days of life and the neonatal period that correlated 
with a decreasing blood flow using electrocapacitance 
plethysmography. However, this technique gives infor-

mation about total blood flow and does not distinguish 
between flow and vessel density. Beinder et al.  [14]  sug-
gested that myogenic activity in skin arterioles increases 
with advancing age, a mechanism that might explain the 
reduced FCD observed here. Finally, the Hb level is close-
ly correlated to FCD  [7, 15]  and has been found to de-
crease during the 5- to 6-week postnatal period. Although 
we did not find a progressive drop in FCD after the age 
of 1 week, decreasing Hb levels may have played a role in 
the developmental change in FCD during the first month 
of life. In this study, we were not able to correlate Hb lev-
els with FCD. 

  Microvascular abnormalities can be frequently ob-
served in critically ill patients and may play an important 
role in the pathogenesis of organ dysfunction. Especially 
due to the limitations of monitoring cardiac output and 
tissue perfusion  [16, 17]  in young children, this noninva-
sive technique might become an important additive bed-
side tool to the currently used monitoring tools in criti-
cally ill neonates and children.

  The technique was well tolerated in children under the 
age of 6 months or over the age of 3 years. In children be-
tween 6 months and 2 years of age, it was often impossible 
to perform measurements because these patients were 
not compliant. Therefore, subjects in this age range could 
not be included in our study because it was too difficult 
to obtain stable images over a long period of time that 
fulfilled the quality criteria  [8] . This is because the probe 
is very sensitive to movements. 

  To our knowledge, this study presents the first obser-
vations of the buccal microcirculation in children with a 
presumably normal cardiovascular system. These data 

  Fig. 3.  Example of an image (left) and a tracing of the capillaries (right) to determine the FCD.   
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can serve as reference data for critically ill children and 
are relevant for future studies of the microcirculation in 
children. Our study also shows the feasibility of the tech-
nique in young children. The application in children who 
are not sedated is limited by the lack of compliance in 
younger age groups. Therefore, we recommend using this 
technique in sedated patients. This technique is a promis-
ing bedside tool for future clinical application. Further 
research is needed to investigate older age groups to de-
termine if the trend observed in our study is limited to 
the neonatal period or whether developmental changes 
can be observed throughout childhood.

  Conclusion 

 FCD of the buccal mucosa decreases after the first 
week of neonatal life. More research is needed to investi-
gate the development of vascular resistance and other 
cardiovascular parameters after birth, which might un-
derlie the developmental changes observed in the micro-
circulation of children.
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