
ORIGINAL 
RESEARCH 

The acute and late effects of 
cigarette smoking on ocular 
hemodynamics 
Ahmet Satici, 1 Mustafa Guzey, 1 Mustafa Karaogla11ogl112 

1 Department of Ophthalmology, and 1Department of Radiology, School of Medicine, Univers ity of Harran, Sanli111fa, 1iirkey. 

Correspondence and reprillf requests: 
Ahmet Satici, Karalwn C(/(ldesi /, Sokak, Doktorlar Apart111m11 Daire 4, Sanli111f a, Turkey. Tel: (90 414) 312 8088; Fax: (90 414)J15 l 181; 
E-mai I: ahmetsatici@lwrran.edu.tr 

6 

Abstract 

Aim: To investigate the acute and late effects of ciga­
rette smoking on ocular hemodynamics. 
Participants and methods: Seventy healthy par1icipants 
who smoked less than 5 cigarettes a day were assessed. 
The ophthalmic artery, central ret inal artery, and short 
posterior ciliary artery were examined by color flow 
Doppler imaging before smoking, immediately after 
smoking . I cigarette, and 1 hour later. Peak systolic 
velocity, end-diastolic velocity, and average velocity were 
measured and the resistivity and pulsatility indices were 
calculated. In addition, intraocular pressure, systolic and 

diastolic blood pressure, and pulse rate were determined 
at each time point and mean blood pressure and ocular 
perfusion pressure were calculated. 
Results: Values for systolic and mean blood pressure, 
pulse rate, and perfusion pressure were significantly 

higher inunediately after smoking than before smoking 
or 1 hour after smoking. No significant smoking­

induced changes were noted for intraocular pressure or 
diastolic blood pressure. In the ophthalmic artery, val­
ues for peak systolic velocity, end-diastolic velocity, av­
erage velocity, and pulsatility index were significantly 

higher immediately after smoking than before or 1 hour 
after smoking; however, for the short posterior ci liary 
artery, a corresponding elevat ion of peak systolic 
velocity was the only significant change observed. No 
s ta ti stically signi ficant smoking-induced changes 
in blood flow parameters were detected in the central 

retinal artery. 

Conclusion: This study has shown that cigarette smok­
ing causes acute hemodynamic changes in the ophthalmic 
artery and, tC? a lesser extent, in the short posterior cili­
ary artery and the central retinal artery. 
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Introduction 

Studies of cigarette smoking have become increasing ly 
foc used on the harmfu l e ffects of this practice in the 
conurnmity. Nicotine and carbon monoxide, the most harm­
ful agents o f more than 4000 active substances present in 
cigarette smoke, are 2 important agents that mediate the 
hernodynamic effects of cigarette smoke in the body. 1 

Smoking has diverse effects on blood flow in different 
organs. While causing an acute increase in cerebral and coro­
nary blood flow, cigarette smoking decreases blood fl ow to 
the skin and placenta. The variation between organs in the 
blood flow response to smoking may reflect a difference 
in end-organ responsiveness to the absorbed products of 
tobacco smoke. Nicotine causes an increase in oxygen con­
sumption in some organs. T his is the pri ncipal mechanism 
cited fo r the acute increase in cerebral blood flow that 
occurs in humans after smoking.2 A study of skin blood !low 
in smokers has revealed an increase in periphera l vascular 
resistance, wh ich leads to a decrease in skin blood flow.3 

Carbon monox ide, which is released as a result of incom­
plete burning of a cigarette, consti tutes 2% to 6% of cigarette 
smoke.~ As carbon monoxide intake increases with cigarette 
smoking, blood carboxyhemoglobi n levels also become 
elevated.2 The affinity of carbon monoxide for hemoglobin 
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is far greater than that of oxygen. It thus reduces the capac­
ity of the blood to carry and deliver oxygen, which may have 
a knock-on effect for blood now. 1 Carbon monoxide shifts 
the oxygen hcmoglobin dissociation curve to the left, and in 
so doing impairs the release of oxygen to the ti ssues.2 Jensen 
e t al determined that the oxygen level in subcutaneous tis­
sue 30 to 50 minutes afte r smoking remained significantly 
low.5 Morecraft et al dete rmined that arte rial blood fl ow in 
the distal arteries of a human upper extremity was reduced 
by up to 60% for 30 minutes after cigarette smoking,6 while 
Bommyr et al showed that smoking reduced finger skin blood 
now over a 45-minutc period.7 

This is the first study in which color Doppler imaging (CDI) 
has been used to investigate the acute and late effects 
of c igarette smoking on ocular hcmoclynamics in healthy 
participants who smoked less than 5 cigarettes a day. CDI, 
which is a non-invasive, re liable, and reproducible method 
for qualitatively assessing hemodynamic changes in ocular 
and orbital vessels, was used to determine the effects o f 
c igarette smo king on ocular c irculation. 

Participants and methods 

in this study, which was performed be tween l l\fay 1997 
and l May 2003, in collaboration between the Department 
of Ophthalmo logy and the Depar tment of Radi ology, 
University of Harram, Sanliurfa, Turkey, the right eyes of 
70 healthy smokers who smoked less than 5 cigarettes a day 
were examined. There were 30 women and 40 men, with a 
mean age of 32. 7 years (SD, 9.6 years; range, 18 to 60 years). 

The ocular and systemic histo ry of each partic ipant was 
recorded, and funduscopy, slit-lamp biomicroscopy, visual 
acuity, and refraction ex aminations were performed. All 
partic ipants were free from systemic disease, including hy­
pertensio n and peripheral vascular disease. No participant 
was taking systemic or ocular medication, drank a lcoho l 
excessively, or had ocular disease.3 CD! examinations were 
conducted before smoking , immediately after smoking l 
cigarette, and 1 hour late r. The participants were asked to 
avoid consuming drinks containing caffeine and smoking 
cigarettes for at least 24 hours prior to CDI examination. 
The procedure was explained to the partic ipants and the ir 
consent was obtained. 
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Blood flow veloci ty was measured by the same doctor with 
a Doppler ultrasonography device (Eccocee-340A; Toshiba, 
Tokyo, Japan) using a 7.5-MHz mult i frequency linear probe. 
The partic ipants we re p laced in the supine position for 
at least 5 minutes prior to examination. Exa minations of 
the ophthalmic artery (OA), centra l ret inal a rtery (CRA), 
and short posterior ciliary arte ry (SPCA) were performed 
with the partic ipants' eyes closed and their heads at 30° 
flex ion. 

Tests were carried out without putting any pressure on the 
eye, a ltho ugh gel was appl ied to the closed eyelids . 
Peak systolic velocity (PSV), end-diastolic velocity (EDV), 
and average vel ocity (AV) values were measured and the 
res istivity ind ex (RI ) and pulsati lity index (PI) were 
calcula ted. RT was calculated as PSV minus EDV, d iv ided 
by PS V. PI was calculated as PSV m inus EDV, d iv ided 
by AV. The intraocular p ressure ( !OP), sy sto lic blood 
pressure (SBP), diastol ic blood pressure (DBP), and pulse 
rate ( PR) were de termined at the fifth minute o f CDI 
examin atio n. IOP was de te rmined using a Tona -Pen XL 
tonometer (Mentor, 0 & 0 , Norwall , USA) and SBP and 
DBP were determined by sphygmomanometry. Mean blood 
pressure (MBP) was calculated according to the fo llowing 
formula : 
MBP = DBP + l/3 (SBP-DBP).8 

Ocular perfusion pressure (OPP) was calculated as follows: 
OPP = 2/3 MBP-IOP.9 

The data obtained were evaluated us ing the paired Student's 
t test. 

Results 

The mean IOP, S BP, DBP, MBP, OPP, and PR va lues of 
the participants are presented in Table 1. SBP, MBP, PR, 
and OPP values were significantly higher immedia te ly after 
smoking l c igarette than the other measurements (p < 0.05). 
IOP and DBP values were not significantly different between 
the measurements (Table 2). 

The PSV, EDV, AV, RI, and PI values from the OA, CRA, 
and SPCA of the partic ipants and the sta tis tical results 
o btained are presented in Tables 3 and 4. When the 
PS V, EDV, and AV values from the OA were compared with 
those of the 5-minute measurements, they were found to be 

Table 1. Jntraocular pressure, systolic, diastolic, and mean blood pressure, ocular 11erfusion pressure, and pulse rate before smoking and S minutes 
and 1 hour after smoking. 
~ 

Before smoking After smoking 
- -

S minutes l hour 
-- -

Systolic blood pressure (SD) [111111 Hg] 122.9 ( 14.8) 129.3 ( I 1.9) 125.1 (1 2.8) 

Diastolic blood pressure (SD) [mm Hg] 75.6 (9.6) 76.4 (9.0) 74.5 (9.4) 

1\•lean blood pressure (SD) [mm Hg] 9 1.2 (8.4) 93 .9 (7.7) 9 1.2(8.7) 
---

Pulse rate (S D) [beats/minute! 75.8 (7. 1) 78.7 (7.2) 73.7 (7.3) 
- - -

Intraocular pressure (SD) (mm I lg l 14.2 ( 1.8) 14.8 (1.8) 14.2 ( l.S) 
- -

Ocular perfusion pressure (SD) [mm Hg] 50.8 (5.9) 52.2 (4.9) 50.8 (5.8) 
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Table 2. The p \'alucs for lntrnocular p1·essure, systolic, diastolic, and mean blood lJressure, ocular perfusion l>ressure, and pulse rate before 
smoking a cigarette and 5 minutes and 1 hour after smoking a cigarette. 

Before smoking nrsus Before smoking \'ersus 5 minutes afler smoking 

5 minutes after smoking 1 hour after smoking \'ersus I hour after smoking 

Systolic blood pressure (SO) [mm Hg] 0.000 0.136 0.00 1 - - -
Diastolic blood pressure (SD) [mm Hg] 0.161 0.261 0.063 

-
Mean blood pressure (SO) [mm Hg] 0.000 0.859 0.002 

-
Pulse rate (SD) [beats/minute] 0.010 0.075 0.00 1 

lntraocular pressure (SO) [nun Hg] 0.109 0.851 0.07 1 

Ocular perfusion pressure (SO) [mm Hg] 0.003 0.999 0.019 

Table 3. 1l1e mean \'rtlucs fo1· 1ieak systolic velocity, end-diastolic velocity, a,·ernge , •clocity, pulsatWty index, and resistivity index obtained from the ophthal-
mic artery, central retinal artery, nnd short posterior cillnry nrte1·y before smoking a cigarette and 5 minutes and 1 hour after smoking a cigarette. 

Artery assessed Before smoking 

-
Ophthalmic artery 

Peak systolic wlocity (SD) [cm/second] 39.9 (5.8) 

End-diastolic velocit)' (SO) [cm/second] 10.2 (2.6) 

Average velocity (SO) [cm/second] 18.8 (3.6) 

Resistivity index (SD) 0.74 (0.07) 

Pulsatility index (SO) 1.70 (0.44) 
,______ 

Short posterior ciliary artery 

Peak systolic velocity (SD) [cm/second] 12.4 (2.8) 

End-diastolic velocity (SD) [cm/second] 4.9(1.6) 

Average velocity (SO) [cm/second] 7.3 (2.5) 

Rcsistl\•ity index (SO) 0.58 (0.16) 

Pulsatility index (SD) 1. 12 (0.54) 

Central retinal artery 

Peak systolic velocity (SO) [cm/second ] 10.9 (1.9) 

End-diastolic velocity (SO) [cm/second] 3.9 (1.0) 

Average velocity (SD) [cm/second] 6.4 (1.4) 

Rcsisti\•ity index (SO) 0.66 (0.09) 

Pulsatility index (SO) 1.36 (0.65) 

significantly higher than those of the before and 1 hour 
after smoking measurements (p < 0.05). For the blood flow 
velocities obtained from SPCA, a significant difference 
was determined only for PSV at 5 minutes post-smok ing 
(p < 0.05). No statistical significance was determined for 
blood flow veloc ity values obtained fro m the CRA. When a 
statistical comparison was performed for PI and RI values, 
o nly the PI value of the OA was significantly lower for 
measurements taken after 5 minutes (p < 0.05). 

Discussion 

The heart rate, which immediate ly accelerates during 
smoking, decelerates within a few minutes and returns to its 
baseline value.2 This might be explained by the acceleration 
of the heart rate due to the nicotine absorbed and by the 
substitution of the paradoxical decrease in the late period. 
In the present study, the PR was e levated soon after smoking 
1 c igarette, an increase that has been attributed to activation 
of the sympathetic nervous system. An acute elevation of 
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-

After smoking 
- --

5 minutes I hour 
-

41.4 (5.5) 39.7 (6.0) 

11.0(2.4) 9.8 (2.7) 

20.1 (2.8) 18.3 (3.6) 

0.73 (0.05) 0.75 (0.07) 

1.54 (0.32) 1.68 (0.4 1) 

13.4 (2.9) 12.3 (3.2) 

5.2 (2. 1) 4.7 (1.6) 

7.9 (2.5) 7.3 (2.5) 

0.61 (0. 10) 0.62 (0.07) 

1.13 (0.4 1) 1.10 (0.3 1) 

12. l (2.0) 11.8 (2. 1) 

4. 1 (0.9) 4.0(0.9) 

6.2 ( 1.2) 6.6 (1.3) 

0.65 (0.09) 0.65 (0.08) 

1.26 (0.32) 1.22 (0.35) 

SBP was also observed after smoking. Vasoconstriction 
causes an increase in SI3P, and nicotine causes vasoconstric­
tion by excitation of sympathe tic ganglia and increased 
re lease of catecholamines. 10. t 1 

Although cigarette smoking is known to cause hemodynam..ic 
changes in the systemic circulation, its effects on ocular cir­
culation are controversial. Morgado et al showed that acute 
smoking caused a reduction of retinal blood flow, 1 whereas 
Robinson et al determined that macular capillary leucocyte 
velocity increased immediately after smoking 1 c igare tte.2 

Rajanapongpun e t a l showed that an amount of nicotine 
equivalent to one-third of that present in a cigarette increased 
OA flow veloc ity measured soon after adminstration. 12 

Langhans et al measured blood flow in the re tina and 
optic nerve head before and after applying l 00% oxygen 
over a period of 5 minutes.13 These authors determined that 
there was a significant difference in reduc tion in the blood 
flow velocities of smokers and non-smokers, which was 
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Table 4. The 1> values for peak systolic Yelocity, end-diastolic wlocity, average velocity, pulsntillty index, and resisti\•ity index obtained from the 
ophthalmic artery, central retinal artery, and short posterior ciliary artery before smoking a cigarette and S minutes and 1 hour after smoking a 
cigarette. 

Artery assessed llcfore smoking versus 

S minutes after smoking 
~ 

Ophthalmic artery 

Peak systolic ve locity (SO) [cm/secoml] O.O-t5 

End-diastolic velocity (S D) [cm/second] 0.042 

Average velocity (SD) [cm/second] 0.028 

Resistivity index (SD) 0.557 

Pulsatility index (SD) 0.020 
- ---

Short posterior ciliar)' artery 

Peak systolic velocity (SD) [cm/second] 0.522 

Encl-diastolic velocity (SD) [cm/second] 0. 161 

Average velocity (SD) [cm/second] 0. 199 

Resistivity index (SO) 0.412 

Pulsatility index (SD) 0.245 

Central retinal artery 

Peak systolic velocity (SO) [c m/second] 0.012 

Encl-diastol ic velocity (SD) [cm/second] 0.267 

Average velocity (SD) [cm/second] 0.077 

Resistivity index (SO) 0. 169 

Pulsatility index (SD) 0.875 

statistically more significant for the smoking group. Kaise r 
et al determined that for chronic smokers, the blood flow 
velocities in the OA, measured at least 1 hour afte r the last 
cigarelle smoked, were higher than corresponding values for 
non-smokers.4 

Jn this study, the PSY, EDV, and AV values of the OA 
5 minutes after s moking were found to be elevated more 
than the other measurements. Changes in blood fl ow velo­
cities during CDI measureme nt may be influenced by 
several factors. Local hypoxia causes changes in the blood 
flow of ocular tissues, which are very sensitive to oxygen 
deficiency. 14 To supply oxygen to the tissues, vasodilatation, 
a regulatory mechanism that operates when there is a 
relative oxygen de ficiency, is provoked and thus blood 
flow velocity increases.45 In addition, increases in OA flow 
veloci ties may reflect increases in SBP.11 

In this study, there were no significant differences between 
PSV, EDV, AV, PI, and RI values of the CRA. That 
c igarette smoking demonstrates diffe rent hemodynamic 
effects on ocular vessels could be explained by the ocular 
autoregulation mechanism .13 Despite varying conditions, 
the autoreg ulation mechanism maintains the constancy 
of ocular blood flow. Among the factors that have an effect 
on the autoregu lation mechanism are local metabolites, 
which affect the autoregulation mechanis m by means 
of oxygen and carbon monoxide. The effects of vaso­
constrictive and vasodilative mechanisms that constitute 
the autoregulation mechanism on the vascular struc tures 
are balanced, so that dysfunction of e ither mechanism is 
compensated by the other. The autoregulation mechanism 
has different effec ts o n the OA, CRA and SPCA. 15 
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--
Before smoking versus S minutes after smoking 

I hour after smoking versus l hou r after smoking 
-

0.528 0.038 

0.291 0.000 

0.344 0.001 

0.319 0.069 

0.789 0.012 

0.691 1.1 97 

0.477 0.680 

0.454 0.069 

0.501 0.990 

0.102 0.408 

0.833 0.02 1 

0.250 0.066 

0.851 0.059 

0.077 0.605 

0.82 1 0.63 1 

The vasodi latory e ffec ts of lower oxygen tension and 
other autoregula tory factors a re likely to affect the CRA, 
and SPCA, possibly counteracting the vasoconstriction in 
the OA. The re lative partial pressures of carbon monoxide 
and oxygen in retinal circulation have a regulating effect on 
re tinal blood flow by means o f the auto regul at ion mech­
anism. For the blood flow velocities obtained from SPCA, a 
significant difference was determined only for the PSV. SPCA 
is affected by the autoregulation mechanism.16 Morgado et al 
reported that retinal vessels were more resistant because o f 
the autoregulatory mechanism to the vasoconstrictive effects 
of smoking in the acute period and the vasod ilat ive effects 
in the late periocl. 1 

The OA was sensitive to the hemodynamic changes caused 
by nicot ine in the early period. The CRA and SPCA may be 
less sensitive to the effects of cigarette smoking than the 
OA, which might be a result of the CRA and the SPCA not 
being under the direct effect of sympathetic innervat ion and/ 
or the autoregulation mechanism, which is stronger in the 
OA. Although the role of the autonomic nervous system in 
the retinal circulation is not completely known, it is thought 
that autonomic nervous system receptors are present in the 
OA, but are not present in the CRA and the SPCA. 17 

This study has shown that c igarette smoking causes acute 
hemodynamic changes in the OA and, to a lesser extent , in 
the SPCA. The effects of c igarette smoking on the vascular 
system have led to its recognition as a risk fac tor in various 
ocular disorders. Thi s study sugges ts that the potent ial 
effects of cigarette smoking on the development of patholo­
gies re lated to ocular c irculation a re worthy of further 
investigation. 
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