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Abstract

Fifty-four patients with acute myocardial infarction (MI) were examined using
computer-assisted video biomicroscopy (CAVBM) of the bulbar conjunctiva. The
patients were divided into three groups. Group 1 comprised 15 former smokers
(mean age 54.3 + 2.1). The mean duration of smoking in this group was 23.7
+ 2.4 years, and the mean time since smoking cessation was 11.8 + 2 years.
Group 2 was made up of 28 current smokers (mean age 51.8 + 1.4). Group 3
consisted of 11 subjects who had never smoked (mean age 59.2 + 1.5). Data
collected from the former smokers were compared with data collected from the
current smokers and those who had never smoked. In the former smokers, the
mean arteriolar diameter, mean capillary diameter, arteriole-to-venule ratio,
and number of capillaries per 1mm? of conjunctiva were significantly higher
than in the current smokers, but did not differ from the group of those who
had never smoked. Thus, smoking adversely affects the microcirculatory bed
(MCB) structure, which can recover after the cessation of smoking. The positive
changes in the MCB of former smokers with ischemic heart disease (IHD)
support the recommendation that patients with this condition stop smoking.
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Introduction Study Objective

Smoking is a modifiable risk factor for the development and
progression of cardiovascular diseases; stopping smoking is the most
effective way to prevent cardiovascular disorders and the premature
deaths they caused. Despite smoking’s well-known negative effects
on the development and progression of cardiac and vascular
disorders, many patients continue to smoke even after a myocardial
infarction. According to data published in 2017, 45% of patients
being discharged from hospital after acute myocardial infarction
(MI) continue to smoke, and only 10% of MI patients say at discharge
that they “used to smoke but quit” [1]. It is also the case that the
microcirculatory bed is the segment of the vascular system that is
most susceptible to various factors, including exposure to nicotine in
tobacco smoke [2-8]. In the 1980s the Department of Faculty Therapy
at the Far Eastern State Medical University used biomicroscopy of
the conjunctiva to study the effects of smoking on MCB in healthy
young adults and young patients with ischemic heart disease (IHD)
who had experienced an MI [7]. The results of the study, which
compared young smokers with IHD and non-smokers, showed that
tobacco smoking negatively affects microcirculation. Approaches to
treating MI have changed; patients are now actively encouraged to
stop smoking. Thus, comparing MCB parameters in MI patients who
have stopped smoking, continue smoking, and have never smoked
is now not only an academic issue, but also a practical one. Our
study addresses the following question: Are smoking-induced MCB
changes in MI patients reversible after these patients quit smoking
(as they are in apparently healthy young people [2,3,6]), or do they
remain unchanged?

To investigate the effects of smoking and the cessation of smoking
on the microcirculatory bed in IHD patients with acute MI.

Materials and Methods

This study included 54 MI patients who had been hospitalized
in the Cardiology or Myocardial Infarction Units of Khabarovsk
Territorial Clinical Hospital No. 2. Using computer-assisted
video biomicroscopy (CAVBM) of the bulbar conjunctiva, the
microcirculatory bed was examined in all patients. This examination
was done on day 7-10 of in-hospital treatment after each patient’s
condition had stabilized. Microscopic photos of conjunctiva
areas magnified 96 times were used to assess mean diameters of
microvessels, arteriole-to-venule ratio, and number of capillaries per
Imm? of conjunctiva. These measurements were taken with a micro-
ruler that had been calibrated before testing. All patients received
treatment according to guidelines established for the management
of MI in patients presenting with or without ST-segment elevation.
Voluntary consent to participate in the study was obtained from all
the patients. Study subjects were divided into three groups: Group 1
comprised 15 former smokers, aged 32 to 66 (the male/female ratio
was 13:2, mean age 54.3 + 2.1). Their duration of smoking varied
from three to 35 years, with a mean duration of 23.7 + 2.4 years; the
time since smoking cessation ranged from eight months to 35 years,
with the mean length of time11.8 + 2 years (hereinafter M + m, where
M is the mean and m is the standard error of the mean). Group 2
was made up of 28 current smokers (the male/female ratio was 23:5,
mean age 51.8 + 1.4). Group 3 consisted of 11 patients who had never
smoked (the male/female ratio was 3:8, mean age 59.2 + 1.5). Data
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Table 1: Three study groups of IHD patients with myocardial infarction: patient characteristics.

Study groups
Parameter Group 1 Group 2 Group 3 Significance !evel, p value*,
Former smokers Smokers Never smoked Cramer V-test
(n=15) (n=28) (n=11)
Age (years) 543+21 51.8+14 59.2+15 z; ; giggg
) ) ) ) pl=0.7017 (-0.0584)
Gender (M:F) 13:2 2355 38 p2 = 0.0021 (-0.6031)
Body mass index, BMI (kg/m?) 29.04+1.1 26.06 £ 0.8 276+138 g; ; géggi
SBP (mm Hg) 128.6 + 3.5 1285+ 2.4 123.4+4.7 g; - 8'2?2?
DBP (mm Hg) 81.6+22 76.7+1.6 724+25 S; z géggz
HR (bpm) 67.6+25 67.1+2 63.2+1.8 g; - 8'3322
Duration of smoking (years) 23.7+24 321+22 0 pl =0.0553
Number of cigarettes per day 233+44 22+19 0 pl =0.9883
Pack-year 26.1+4.6 37+45 0 pl=0.3521
Duration of IHD (years) 22+05 07+03 102+1 g; B g'gggg
No angina, no. of patients (%) 7 (46,67) 19 (67,86) 9(81,82)
Angina class, pl =0.2936 (0.2388)
class I, no. of patients (%) 2 (13.33) 1G57) 0 p2 = 0.1555 (0.3784)
class Il, no. of patients (%) 6 (40) 8 (28.57) 2(18.18)
No hypertension 1(6.67) 8 (28.57) 1(9.09)
Grade | hypertension, no. of patients (%) 1(6.67) 0 1(9.09) pl = 0.1824 (0.3362)
Grade 2 hypertension, no. of patients (%) 2(13.33) 5(17.86) 4 (36.36) p2 =0.5017 (0.3011)
Grade 3 hypertension, no. of patients (%) 11 (73.33) 15 (53.57) 5 (45.45)
) pl =0.902
No. of prior Ml 1.07+0.1 1.1+01 1.2+0.1 p2 = 0.4956
] pl=0.2849 (-0.1631)
Q-wave MI 12 (80) 18 (64.29) 7 (63.64) p2 = 0.3527 (-0.1823)
NYHA class of CHF 4 (26.67) 9 (32.14) 0
Class |, no. of patients (%)
. pl = 0.9253 (0.0601)
Class Il, no. of patients (%) 10 (66.67) 17 (60.71) 9 (81.82) p2 = 0.145 (0.3854)
Class llI, no. of patients (%) 1(6.67) 2(7.14) 2(18.18)
Total cholesterol (mmol/L) 48+0.3 5.8+0.3 55+0.5 g; i g;ig;
Mean blood glucose (mmol/L) 58+0.3 6.1+0.3 5.6+0.2 pp21::00'9835796

p1 for the differences between former and current smokers;

p2 for the differences between former smokers and those who have never smoked.

*The achieved level of significance (p value) for the quantitative parameters was assessed using the Wilcoxon-Mann-Whitney test. The achieved level of significance
(p value) for the qualitative parameter was assessed using the Cramér V-test. The critical significance level of significance was 0.05.

collected from former smokers were compared to data collected from
current smokers and those who had never smoked. Exclusion criteria
were: early MI complications (cardiogenic shock, heart rhythm
disturbances, or pulmonary edema), a history of any heart-rhythm
disturbances (atrial fibrillation, extra systoles, or atrio ventricular
blocks), stage IIB-III chronic heart failure (CHF), inflammatory eye
diseases, eye injuries, use of ophthalmic or nasal vasoconstrictors,
concomitant inflammation of internal organs, systemic connective-
tissue disease, asthma, chronic kidney disease stage 3 or higher, and
neoplasms of any stage and location. Table 1 provides a detailed look
at patient characteristics for all patient groups.

The data presented in Table 1 show that patients in all groups were
matched by age, body mass index, hemodynamic parameters (blood
pressure [BP] and pulse rate), and blood cholesterol and glucose
levels. As in our previous studies, smoking was associated with the

male gender. The intensity of smoking in groups 1 and 2 was similar.
The duration of IHD in current smokers was minimal compared to
that of former smokers, whose duration of IHD prior to MI was the
longest (p1 = 0.0276).Group 1 subjects (former smokers) had higher
rates of class II angina than subjects in groups 2 (current smokers)
and 3 (those who had never smoked) (40.00%, 28.57%, and 18.18%,
respectively). The percentage of patients without concomitant
hypertension was 28.57% in group 2 (current smokers) compared
to 6.67% in group 1 (former smokers) and 9.09% in group 3 (never
smoked). The mean number of prior MI was similar in all groups.
The study groups did not differ in the class of CHF. Q-wave MI was
diagnosed in 80% of former smokers, 64.29% of smokers, and 63.64%
of those who had never smoked (p1 = 0.2849 and p2 = 0.3527).

Statistical analysis was performed at the BIOSTATISTIKA
Center, using statistical packages SAS 9.4 and STATISTICA 10. The
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Table 2: Comparison of MCB parameters in former smokers, current smokers, and patients who have never smoked with IHD and myocardial infarction (M+m).

Group 1 Group 3 P *
Group 2 Significance level, p value®,
Parameter Former smokers Never smoked ) .
= Smokers (n = 28) = Wilcoxon-Mann-Whitney test
(n=15) (n=11)
. . pl < 0.0001
Mean arteriolar diameter, pm 17.3+0.7 11.6+0.4 15.7+0.6 p2 = 0.2763
. pl=0.8276
Mean venular diameter, um 315+14 29.6+0.9 279+1.2 p2 =0.1908
. . pl=0.0091
Mean capillary diameter, pm 105+0.4 88+03 95+03 p2 = 0.2643
. . pl =0.0003
Arteriole-to-venule ratio 0.56 + 0.03 0.4 £0.02 0.56 +0.02 p2 = 0.9967
No. of capillaries per 1 mm?of conjunctiva, units/mm? 4.7+0.3 23+0.2 4.88+0.3 S; f gggg;

p1 for the differences between former and current smokers;

p2 for the differences between former smokers and those who have never smoked.

*The achieved level of significance (p value) for the quantitative parameters was assessed using the Wilcoxon-Mann-Whitney test. The critical significance level of

significance was 0.05.

I

Figure 1: A segment of the microcirculatory bed. Magnification 96x.
Patient F, 62 years old, has never smoked with no past medical history. His
IHD was manifested as a Q-wave MI. The patient was examined on day 10
of in-hospital treatment.1 — arteriole (d 16.7um), 2 — venule (d 29.4pm), 3 —
capillaries (d 9um); number of capillaries per 1 mm? of conjunctiva — 4.1units/
mm?2.

Figure 2: A segment of the microcirculatory bed. Magnification 96x. Patient Z,
45 years old, with no past medical history. His IHD was manifested as a
Q-wave MI. The patient was examined on day 10 of in-hospital treatment.
He has smoked for 39 years (15 cigarettes a day). 1 — arteriole (d= 5um), 2 —
venule (d 32.1um), 3 — capillaries (d 8.8um); number of capillaries per 1mm?
of conjunctiva — 3.5unit/mm?; 4 — network of newly formed vessels.

critical-significance level for testing the null hypotheses was 0.05.
Testing for normality of the distribution of quantitative parameters
in the comparison groups was done using Kolmogorov-Smirnov,
Shapiro-Wilk, Cramér-von Mises, and Anderson-Darling tests.
Siegel-Tukey and Ansari-Bradley tests were used for checking the
equality-of-dispersion hypotheses. As normal distribution was not
shown for any of the analyzed parameters in any group, key study
parameters were compared using the nonparametric Wilcoxon-
Mann-Whitney test [4].

Contingency tables were used to analyze the association between
pairs of categorical variables. In addition to analyzing the achieved
level of statistical significance and the value of the chi-square test, the
Cramér V-test was also used to assess the strength of the association
between the study parameters [4].

Study Results

Table 2 shows the results of the comparisons of the group means
that characterize changes in the caliber and number of microvessels
(microcirculatory bed parameters) in the three study groups.

Table 2 data show that the former smokers had significantly higher
mean arteriolar diameters than the current smokers (p1 < 0.0001).
Thus, the arteriole-to-venule ratio in group 1 (former smokers) was

also higher than in group 2 (current smokers) (p1 = 0.0003). Former
smokers and those who had never smoked had similar mean arteriolar
diameters (p2 = 0.2763). Venular parameters showed no statistically
significant differences between study groups. Capillary diameters
were significantly larger in former smokers than in current smokers
(p1 = 0.0091). The lowest mean number of capillaries per Imm? of
conjunctiva was seen in group 2 (current smokers) (2.3 + 0.2units/
mm?), suggesting that tobacco smoking causes and further enhances
rarification of capillaries in IHD patients. The mean number of
capillaries per Imm? of conjunctiva in apparently healthy young
people was 7.96 + 0.25units/mm?[2,6]. In group 1 (former smokers),
the mean number of capillaries was significantly higher (4.7 + 0.3;
pl < 0.0001), which was similar to the values in group 3 (never
smoked) (4.88 + 0.3; p2 = 0.9392). Thus, although former smokers
had M, a severe IHD complication, rarification in these patients was
less significant than in current smokers. This may be seen as a sign of
capillary recovery.

Discussion of Results

CAVBM data of former smokers show that the microvasculature
structure restores itself after the cessation of smoking, and this
response does not depend on age, BMI, duration of IHD, depth
of myocardial lesion, or laboratory data. In former smokers, MCB
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Figure 3: A segment of the microcirculatory bed. Magnification 96x.
Patient K, 57 years old, a former smoker with no past medical history. His IHD
was manifested as a Q-wave MI. The patient was examined on day 10 of in-
hospital treatment. He smoked for 20 years (20 cigarettes a day), but stopped
10 years ago. 1 — arteriole (d 21.1ym), 2 — venule (d 26.2um), 3 — capillaries
(d 9.1um); number of capillaries per 1mm? of conjunctiva — 4.4unit/mm?2.

parameters were similar to those seen in patients who had never
smoked. Thus, larger mean arteriolar and capillary diameters and
higher arteriole-to-venule ratio, and the number of capillaries
per Imm?* of conjunctiva in former smokers were associated with
cessation of smoking.

Today, researchers regard cessation of smoking as the most
effective strategy for primary and secondary prevention of MI: In
smokers, the risk for MI is three times higher than in former smokers.
In former smokers, the risk for repeat infarction is similar to thatseen
in non-smokers with no history of infarction [9]. In smokers with
MI the pathophysiological mechanisms of arteriolar narrowing are
probably the same as in apparently healthy young people who use
tobacco [3,5,10]. However, in IHD patients MCB parameters are
initially altered, which differentiates them from apparently healthy
young people. The mean arteriolar diameter was 20.59 + 0.63um
in young patients who had never smoked and 13.01 + 0.41pm (the
lowest value) in smokers. After patients quit smoking, this parameter
significantly increased, up to 18.34 + 0.65 [6].The same trends were
observed in THD patients. Analysis of the arteriole-to-venule ratio
showed that the effects of smoking on MCB structure were similar in
apparently healthy young people and THD patients. So, the arteriole-
to-venule ratio was 0.61 + 0.02 in healthy young non-smokers and
0.56 + 0.02 in THD patients who did not smoke tobacco. In healthy
young smokers and IHD patients who smoked tobacco, this parameter
was lower (0.39 + 0.01 and 0.4 * 0.02, respectively). In healthy
young former smokers and IHD patients who had quit smoking,
this parameter was significantly higher (0.5 £0.02 and 0.56 + 0.03,
respectively) than in the group of smokers. In addition to natural
and expected changes in MCB related to age and/or the underlying
disease (MI in THD patients), smoking causes further changes in the
diameter and number of microvessels. After the cessation of smoking,

these smoking-induced changes are reversed and MCB parameters
return to their initial values, similar to those seen in non-smokers
with similar other characteristics (age, medical condition, etc.).

Figures 1-3 illustrate these results by showing MCB in three
patients with AMI: a patient who has not smoked a current smoker,
and a former smoker, respectively.

Conclusion

In former smokers in the acute stage of MI, the mean arteriolar
diameter, the mean capillary diameter, the arteriole-to-venule
ratio, and the number of capillaries per Imm? of conjunctiva were
significantly higher than in current smokers, but these numbers
did not differ from those found in the non-smoking group. Thus,
smoking adversely affects the structure of MCB, which can recover
after the cessation of smoking. The positive changes in the MCB of
former smokers with THD support the recommendation that patients
with this condition stop smoking.
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