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Ha emo dy na mic fac tors are re gar ded mo re and mo re im por tant 
in the pa tho me cha nism of nu me ro us di se ases of the eye. Stu dies 
with the ap pli ca tion of co lor Dop pler ul tra so und (USG-CD) play an 
im por tant ro le in the eva lu ation of chan ges in the eye ves sel sys-
tem, in the pre- cl in ical sta ge and ena ble bet ter un der stan ding of 
va rio us pa tho lo gi cal con di tions. This me thod al lows for de ter mi na-
tion of spe ci fic the ra py and pro gno sis of long -term tre at ment (1). 
Re cen tly ma ny pu bli ca tions ha ve be en de vo ted to the pa ra me ters 
of nor mal blo od flow in the ar te ries of the eye (2,3,4). Ho we ver, 
re ports on the ha emo dy na mics of the ves sel sys tem in the eye of 
chil dren, and in par ti cu lar pre term chil dren, are ra re (5,6,7). 

The aim of the stu dy was eva lu ation of blo od flow in the ar te-
ries of the eye in pre term neo na tes, with as ses sment of pa ra me ters 
de pen dent on the ge sta tio nal age. The ob ta ined re sults will be part 
of fur ther ana ly sis of blo od flow in the ar te ries of the eye in chil dren 
with re ti no pa thy of pre ma tu ri ty. 

Materialandmethods
The stu dy com pri sed 33 pre term new borns (58 ey es): 14 girls (24 

ey es) and 19 boys (34 ey es), tre ated in the Unit of Ana esthe sio lo gy 
and In ten si ve Ca re, and in the Oph thal mo lo gic Out pa tient Cli nic, 
In sti tu te of Pa edia trics, Me di cal Uni ver si ty of Łódź, be twe en 2003-

2004. The stu dy was con duc ted in chil dren in va rio us cli ni cal con di-
tion, with ac com pa ny ing di sor ders of the re spi ra to ry, cir cu la to ry, 
di ge sti ve and cen tral ne rvo us sys tems, ty pi cal for pre ma tu ri ty. The 
con trol gro up com pri sed 19 neo na tes born at term (38 ey es). All chil-
dren we re sub jec ted to com ple te oph thal mo lo gic exa mi na tion, which 
exc lu ded or ga nic chan ges in the ey es. To eva lu ate blo od flow in the 
eye ves sels, USG-CD exa mi na tion was per for med, using the ATL 3500 
HDI ap pa ra tus with a li ne ar pha se d-a rray trans du cer for fre qu en cies 
7-12 MHz. The trans du cer was ap plied in a ty pi cal way, to the clo sed 
ey elids. The chil dren we re exa mi ned be twe en the ir 1 and 4 we eks of 
li fe, du ring nor mal sle ep, six of them on me cha ni cal ven ti la tion with 
sta bi li sed cir cu la to ry and re spi ra to ry pa ra me ters. The spec trum of 
blo od flow was re gi ste red in the oph thal mic ar te ry, cen tral re ti nal 
ar te ry and po ste rior ci lia ry ar te ries. The me asu re ments com pri sed 
ma xi mal sy sto lic ve lo ci ty (Vmax), end -di ast o lic ve lo ci ty (Vmin), re si-
stan ce in dex (RI) and pul sa ti li ty in dex (PI). The oph thal mic ar te ry was 
vi su ali sed 8-12 mm po ste rior to the glo be, cen tral re ti nal ar te ry was 
iden ti fied wi thin the optic ne rve, 1-3 mm be hind the sur fa ce of the 
optic ne rve disk, and po ste rior ci lia ry ar te ries both at the na sal and 
tem po ral si de of the optic ne rve, 1-4 mm be hind the glo be. In all 
chil dren the me asu re ments we re re pe ated three ti mes, and the ana-
ly sis was per for med on me an va lu es of all three me asu re ments. To 
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de ter mi ne the va lu es of pa ra me ters in par ti cu lar ran ge of ge sta tio nal 
age, the stu died pre term neo na tes we re di vi ded in to fo ur gro ups: 
born be twe en 24-26 we eks of ge sta tio nal age (hbd), 27-29 hbd, 
30-32 hbd and 33-36 hbd. 

The re sults we re sub jec ted to sta ti sti cal ana ly sis using com pu ter 
pro gram me Stat gra phics Plus. The stu died va lu es we re pre sen ted 
as me ans +/- stan dard de via tion. The nor ma li ty of di stri bu tion was 
chec ked to com pa re the me an va lu es. The ob ta ined di stri bu tion did 
not dif fer si gni fi can tly from nor mal di stri bu tion, and thus com pa ri-
son of me an va lu es was do ne with t-st udent test for in de pen dent 
va ria bles. 

Results
The ana ly sis of blo od flow spec trum in pre term neo na tes in the 

oph thal mic ar te ry sho wed that Vmax achie ved from 20.0 to 34.7 
cm/s, Vmin from 2.6 to 7.8 cm/s, RI form 0.68 to 0.89 and PI from 
1.26 to 2.55. Me an va lu es of the stu died pa ra me ters did not dif fer 

sta ti sti cal ly si gni fi can tly from re sults ob ta ined in chil dren from the 
con trol gro up (born at term). Ho we ver, de ta iled ana ly sis re ve aled 
a pro por tio nal for ge sta tio nal age in cre ase in the va lue of Vmax, RI 
and PI in chil dren born be twe en 24 and 32 we eks of ge sta tion. 
Be gin ning from 33 we eks the se pa ra me ters sta bi li sed at the le vel 
si mi lar to that in chil dren born at term (Tab. I, II). 

In the stu died pre term new borns Vmax in the cen tral re ti nal 
ar te ry was wi thin the ran ge 5.5 to 11 cm/s, Vmin be twe en 1.6 and 
4 cm/s, RI 0.50 to 0.81 and PI 0.84 to 1.50. The me asu re ments 
re ve aled sta ti sti cal ly si gni fi can tly lo wer va lu es of Vmin and hi gher 
RI in pre term chil dren, as com pa red with ful l -term chil dren. The 
va lu es of Vmax we re si mi lar in all age gro ups of pre term chil dren, 
whi le Vmin in cre ased and RI and PI de cre ased pro por tio nal ly with 
ge sta tio nal age (Tab. III, IV). 

In po ste rior ci lia ry ar te ries of pre term new borns Vmax did not 
dif fer sta ti sti cal ly si gni fi can tly from that of chil dren born at term and 
was wi thin the ran ge 10.8 to 15.7 cm/s. Ho we ver, Vmin in the se ves-

 Vmax (cm/s) Vmin (cm/s) RI PI

Preterm children  27.52±1.03 5.03±0.34 0.81±0.01 2.07±0.09

Full-term children 27.27±0.93 5.02±0.38 0.81±0.02 2.01±0.13

Statistic significance No significance No significance No significance No significance

Tab. I. Blood flow parameters in the ophthalmic artery.

 Vmax (cm/s) Vmin (cm/s) RI PI

Preterm children 7.89±1.07 2.70±0.13 0.65±0.02 1.16±0.04

Full-term children 7.80±0.39 3.04±0.22 0.62±0.03 1.11±0.06

Statistic significante No significance Significance Significance No significance

Tab. III. Blood flow parameters in the central artery.

Gestational age Vmax (cm/s) Vmin (cm/s) RI PI

24- 26 hbd 26.26±2.11 5.53±1.07 0.79±0.04 1.86±0.19

27- 29 hbd 27.13±2.52 4.93±0.92 0.81±0.03 1.96±0.13

30- 32 hbd 28.79±2.67 4.52±0.76 0.84±0.02 2.31±0.18

33- 36 hbd 27.47±1.76 5.12±0.43 0.81±0.02 2.09±0.16

Full-term children 27.26±0.93 5.06±0.59 0.81±0.02 2.01±0.13

Tab. II. Blood flow parametres in the ophthalmic artery in preterm children at different gestational age as compared with full-term children.

Gestational age Vmax (cm/s) Vmin (cm/s) RI PI

24- 26 hbd 7.71±0.77 2.18±0.25 0.71±0.05 1.27±0.09

27- 29 hbd 7.95±0.49 2.65±0.24 0.66±0.03 1.14±0.08

30- 32 hbd 8.03±0.56 2.70±0.22 0.66±0.02 1.19±0.07

33- 36 hbd 7.87±0.58 2.97±0.22 0.61±0.02 1.10±0.06

Full-term children 7.80±0.39 3.04±0.27 0.62±0.03 1.10±0.06

Tab. IV. Blood flow parameters in the central artery in preterm children at different gestational age as compared with full-term children.
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 Vmax (cm/s) Vmin (cm/s) RI PI

Preterm children 12.68±0.28 4.19±0.16 0.66±0.01 1.16±0.04

Full-term children 12.64±0.37 4.72±0.76 0.63±0.02 1.08±0.05

Statistic significance No significance Significance Significance Significance

Tab. V. Blood flow parameters in posterior ciliary arteries.

Gestational age Vmax (cm/s) Vmin (cm/s) RI PI

24- 26 hbd 12.39±0.59 4.23±0.29 0.65±0.04 1.07±0.08

27- 29 hbd 12.31±0.64 4.02±0.24 0.66±0.02 1.17±0.09

30- 32 hbd 13.10±0.86 4.06±0.41 0.68±0.02 1.22±0.05

33- 36 hbd 12.89±0.37 4.33±0.31 0.65±0.02 1.17±0.07

Full-term children 12.64±0.37 4.76±0.25 0.63±0.02 1.08±0.05

Tab. VI. Blood flow parameters in posterior ciliary arteries in preterm children at different gestational age as compared with full-term children.

sels was sta ti sti cal ly si gni fi can tly lo wer in pre term chil dren and was 
be twe en 3 and 5.2 cm/s, whi le RI (0.50-0.76) and PI (0.80-1.44) we re 
sta ti sti cal ly si gni fi can tly hi gher. The de ter mi ned pa ra me ters va ried in 
par ti cu lar age gro ups of the stu died pre term new borns (Tab. V, VI). 

Discussion
In pre term chil dren the pro cess of va su la ri sa tion of re ti na is not 

com ple te at birth. In par ti cu lar this is the ca se in hi gh ly im ma tu re 
chil dren, in whom oph thal mo sco pic exa mi na tion re ve als are as of 
no n-v asc ul ar ised re ti na in the pe ri phe ral frag ments of the eye fun-
dus. Ho we ver, ve ry lit tle is known abo ut ha emo dy na mic ma tu ri ty of 
the blo od ves sels of the eye in pre term chil dren. The con duc ted 
stu dies using USG-CD al lo wed for sa fe eva lu ation of blo od flow in 
the eye ves sels in pre term new borns. Mi ni ma li sa tion of pres su re of 
the trans du cer to the eye by using im mer sion in gel eli mi na ted 
po ssi ble si de ef fects, in c lu ding he art ar r hy th mias. 

The ob ta ined va lu es of the stu died pa ra me ters of blo od flow in 
the oph thal mic ar te ry and cen tral re ti nal ar te ry we re lo wer than li te-
ra tu re norms for adults (2,3,4), but we re wi thin ran ge re por ted in 
pre term chil dren by other au thors (7,8). In ava ila ble li te ra tu re the re 
are no re ports con cer ning pa ra me ters of blo od flow in po ste rior ci lia-
ry ar te ries in pre term new borns. The se ves sels are most dif fi cult for 
vi su ali sa tion in in fants and ac cor ding to so me au thors the ob ta ined 
re sults are not as re pe ata ble as tho se ob ta ined for other ves sels in the 
eye (9). The ve lo ci ties of blo od flow in po ste rior ci lia ry ar te ries in this 
stu dy we re wi thin wi de nor mal ran ge for adults (2,3). 

In the ana ly sed pre term chil dren the re was a pro por tio nal to 
ge sta tio nal age in cre ase of Vmax in the oph thal mic ar te ry in chil-
dren born be twe en 24-32 hbd, but it was not sta ti sti cal ly si gni fi-
cant. Ba erts et al. (8) sho wed si mi lar re la tion ship in pre term chil-
dren born be twe en 28-37 hbd. Ho we ver, Ro ma gno li et al. (5) fo und 
si gni fi cant in cre ase of Vmax and Vmin in the oph thal mic ar te ry and 
cen tral re ti nal ar te ry of pre term chil dren be twe en 3 and 7 days after 
birth. Si mi lar chan ges we re re por ted al so for ful l -term chil dren (6). 

In this stu dy re si stan ce in di ces in the cen tral re ti nal ar te ry and 
in po ste rior ci lia ry ar te ries we re si gni fi can tly hi gher in pre term chil-
dren, as com pa red with ful l -term chil dren. It may be due to smal ler 

dia me ter of the se ves sels. Such de pen den cy was not se en in the 
oph thal mic ar te ry. 

Eva lu ation of blo od flow pa ra me ters in the or bi tal ves sels did not 
ta ke in to ac co unt nu me ro us exo ge no us and en do ge no us fac tors com-
mon ly af fec ting pre term new borns, which – ac cor ding to so me au thors 
(8,10,11,12) may in flu en ce the ha emo dy na mic sta te of the ves sels. The 
com ple xi ty of the se pro blems was di scus sed by Yano witz et al. (13) and 
Har ris et al. (14) who ana ly sed the ef fect of va rio us sys te mic fac tors on 
the blo od flow in the ves sels of the eye and bra in, and did not find any 
lo cal va scu lar re spon se in USG-CD. Thus, mo ni to ring blo od flow pa ra-
me ters as the child grows may bring mo re in for ma tion on the ha emo-
dy na mic con di tion of the ves sel sys tem of the eye in pre term chil dren, 
in par ti cu lar in the con text of re ti no pa thy of pre ma tu ri ty. 

Conclusions
The Dop pler co lor ul tra so no gra phy is a no n- inv as ive tech ni que 

which can be use ful for the eva lu ation of ha emo dy na mic pa ra me-
ters in the ar te ries of the eye in the pre ma tu re chil dren. The re cor-
ded USG-CD chan ges of the blo od flow in the eye ar te ries in pre-
term new borns, as com pa red with ful l -term new borns, can be the 
evi den ce for the im ma tu ri ty of the ves sel sys tem of the eye after 
birth in the se chil dren. 

* The stu dy was fi nan ced from the re se arch fund No 502-11-063 of the 
Me di cal Uni ver si ty of Łódź.
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