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OBSTRUCTIVE SLEEP APNEA (OSA) IS A COMMON 
CONDITION AFFECTING 24% OF MEN AND 9% OF 
WOMEN AGED 30-60 YEARS1 AND HAS BEEN indepen-
dently associated with a variety of cardiovascular diseases.2 
In patients with coronary artery disease, the presence of OSA 
adversely affects prognosis and is an independent predictor of 
cardiovascular mortality.3,4 Furthermore, sudden cardiac death 
in patients with OSA is 2.57 times as likely to occur between 
midnight and 06:00 as in a control population.5 Patients with 
both OSA and coronary artery disease also have a higher rate of 
nocturnal ischemic events than those with OSA alone.6

The mechanisms underlying these associations are incom-
pletely understood, but the termination of apnea may repre-
sent a time of elevated risk. Peled et al.6 have demonstrated 
that nocturnal ischemic events predominantly occur during the 
rebreathing phase following the obstructive apnea, not during 
the apnea itself. This post-apneic phase is the time of increased 
heart rate and blood pressure and thus greatest myocardial en-
ergy demand.7 As this is also the time of maximal oxygen desat-
uration, myocardial oxygen transport may be impaired should 
there be inadequate compensatory CBF changes.

Limited data exist on the effects of OSA on coronary blood 
flow (CBF). Animal studies show CBF increases with OSA, 

but the relevance of hypoxia or other factors in driving CBF 
changes is uncertain.8,9 Notably, no study has explored in detail 
the relationship of CBF with myocardial work during OSA, and 
no human data exist on the subject. Accordingly, we undertook 
a study examining CBF in an angiographically smooth appear-
ing coronary artery during spontaneously occurring episodes 
of sleep apnea, in patients undergoing elective coronary angio-
plasty to another vessel.

METHODS

Study Population

Ten patients (8 males, 2 females), with stable but symptom-
atic ischemic heart disease, were studied following elective cor-
onary angioplasty and stenting. Patients were recruited based 
on the suitability of their coronary anatomy and willingness to 
sleep in the cardiac catheterization laboratory, not on the pres-
ence of known pre-existing OSA. Clinical characteristics are 
shown in Table 1. Subjects had uncomplicated single or double 
vessel coronary artery disease requiring percutaneous coronary 
angioplasty. Angiographically smooth or mildly irregular non-
culprit coronary arteries were selected for flow determinations.

The left anterior descending artery was studied in 4 patients; 
the circumflex artery in 4; the left main coronary artery in 1; 
and the right coronary artery in 1. The vessel subtended vi-
able myocardium, as defined by no Q waves on ECG and no 
hypokinesis, akinesis, or dyskinesis on left ventriculography. 
Exclusion criteria included unstable angina, significant left ven-
tricular impairment or valvular disease, left main stem or triple 
vessel disease coronary disease. All patients were offered an 
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overnight polysomnogram and follow-up with a sleep physi-
cian at the completion of the study.

Study Protocol

Written informed consent was obtained from all patients 
prior to study entry, and the study protocol was approved by the 
Human Research Ethics Committee at Monash Medical Centre. 
Patients were admitted on the morning of their coronary proce-
dure and all usual medications were administered as directed 
by the treating doctor. Prior to angioplasty the patients were 
intrumented for standard polysomnography, with the exception 
of thoracic respiratory bands, which were omitted so as not to 
interfere with fluoroscopic screening during angioplasty. Sleep 
study data were acquired in the cardiac catheterization labora-
tory using a portable system (Compumedics Siesta, Abbotsford, 
Victoria, Australia) with the following signals measured: elec-
troencephalogram (C3/A2, C4/A1, O1/A2, O2/A1), electro-
oculogram (bilateral), electrocardiogram, submental electro-
myogram, oxyhemoglobin saturation (finger pulse oximetry), 
abdominal excursion (piezoelectric band), nasal pressure for 
airflow estimation, and oronasal thermistor.

Following successful and uncomplicated coronary angio-
plasty, a Doppler coronary blood flow velocity wire (Cardio-
metrics FloWire, California, USA) was positioned in an adja-
cent segment of smooth or mildly irregular conduit coronary 
artery to obtain a stable coronary flow signal. Sedation with 
intravenous midazolam was allowed to help facilitate sleep. 
The patient was then left to sleep for a 30-min period, during 
which there was continuous acquisition of polysomnographic, 
respiratory, and hemodynamic data (coronary blood flow ve-
locity, central aortic blood pressure, and heart rate). After the 
30-min period, the patient was awakened, and the study was 
terminated.

Data Analysis

Data were analyzed on 2 software systems – Profusion PSG 
(Compumedics, Abbotsford, Victoria, Australia) for sleep and 
respiratory data, and Chart (AD Instruments, Sydney, Austra-
lia) for hemodynamic data. A visual record of the hemodynamic 
data was continuously sent to Profusion PSG to ensure precise 
time-matching of sleep, respiratory, and hemodynamic data.

The stage of sleep was determined using standard criteria.10 
Respiratory events were scored according to recently published 
guidelines.11 Coronary flow velocity was measured continuous-
ly. To calculate coronary blood flow (CBF), coronary diameter 
was measured by quantitative coronary angiography using stan-
dard techniques.12,13 CBF was calculated from the product of av-
erage peak velocity (APV) and vessel cross-sectional area.13,14 
Myocardial work was calculated using rate-pressure product 
(RPP), the product of mean aortic blood pressure and heart 
rate.15 Coronary vascular resistance (CVR) was calculated from 
mean arterial blood pressure (MABP)/CBF; and CBF corrected 
for myocardial work was determined by the ratio CBF:RPP.13 
All beat-to-beat hemodynamic data were averaged over 1 sec, 
then matched to the corresponding sleep stage and to all respira-
tory events. Hemodynamic changes (%) related to a respiratory 
event were calculated from a baseline value, represented by an 

average over a 10-sec period, starting 20 sec prior to the end of 
each event. Data for each of the 3 types of respiratory event (ob-
structive apnea, central apnea, or hypopnea) were pooled and 
averaged for each patient; individual patient data were pooled 
to create a mean value for each type of respiratory event.

Statistical Analysis

Demographic data are expressed as mean ± SD. Changes from 
baseline in CBF and RPP at each time point within a respira-
tory event are expressed as mean ± SEM. Change in CBF and 
RPP over the period from 15 sec prior to and 15 sec after the 
end of the respiratory event were compared using 2-way repeated 
analysis of variance. Breakpoints identifying the time when CBF 
and RPP began to increase were determined using an analytical 
process based on polynomial regression analysis and analysis of 
variance.16,17 Values for CBF and RPP versus time were each fit-
ted with 2 regression lines that intersected at a test point that was 
progressively moved across the range of data, summing the re-
sidual sums of squares at each point, with the breakpoint defined 
as the time-point at which the residual sums of squares reached 
a minimum. Breakpoints therefore identified the time when CBF 
and RPP began to increase. The breakpoint, slope, and identity 
of each regression line for CBF and RPP versus time were then 
compared using the method described by Glantz.18 Changes from 
baseline in CVR were compared using one-way repeated mea-
sures ANOVA for each of obstructive apnea, central apnea, and 
hypopnea. The Holm-Sidak test was used post hoc to identify the 
origin of any differences found using ANOVA.

Forward stepwise multiple linear regressions were used to 
determine the predictors of maximal CBF response, the maxi-
mal CVR, and the maximal CBF change corrected for RPP 
during respiratory events. All statistical tests (other than those 
described by Glantz18) were performed using SigmaStat 3.0 
(Systat Software, CA, USA), and statistical significance was 
accepted at P < 0.05.

RESULTS

Ten patients (8M, 2F) aged 60.3 ± 9.1 years and with a BMI 
of 29.8 ± 4.4 kg/m2 were studied. The characteristics of these 
patients are summarized in Table 1. Sleep was fragmented with 
many sleep-wake transitions. There were 94 epochs of stage 1 
sleep; 169 epochs of stage 2 sleep; and 7 epochs of stage 3/4 
sleep. There was no REM sleep. One patient had good quality 
sleep with stable respiration throughout, while the other 9 pa-
tients had unstable breathing patterns with frequent respiratory 
events (Table 2). Overall there were large numbers of obstruc-
tive apneas (OA, n = 45), central apneas (CA, n = 70), and hy-
popneas (HP, n = 62). The characteristics of these respiratory 
events are summarized in Table 2. CA exhibited a pattern of cy-
clical periodic breathing, commonly seen in fragmented sleep 
and drowsy wakefulness, but not the pattern of Cheyne-Stokes 
respiration. Following the study, 8 patients agreed to have 
an overnight sleep study. Total apnea-hypopnea index (AHI) 
ranged from 0–60.2/h, with a mean of 20.8/h. All those with 
obstructive apneas during the CBF study had evidence of OSA 
on overnight sleep study (except one patient who declined to 
have the overnight study) with a mean AHI of 28.4/h.
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CBF and RPP before and after termination of each type of re-
spiratory event are shown in Figure 1. CBF and RPP increased 
significantly (P < 0.05) following OA (17% ± 5% and 19% ± 
6% respectively), CA (17% ± 3% and 19% ± 3%), and HP (10% 
± 4% and 12% ± 3%). Examples of recordings from a single 
patient are demonstrated in Figure 4.

Bilinear regression curves demonstrating the time course of 
CBF and RPP are shown in Figure 2. With OA, the increase 
in CBF followed the increase in RPP with a delay of 8 sec, 
and then increased more steeply than the RPP rise, signified 

by significant differences (P < 0.001) of intercept, slope, and 
coincidence of regression lines. In comparison, the increase in 
CBF for CA and HP followed the increase in RPP with a delay 
of 5 sec and 4 sec, respectively, and then increased at the same 
rate as the RPP rise (P < 0.001 for difference of intercept and 
coincidence; P = NS for difference of slope).

CVR before and after each type of respiratory event is shown 
in Figure 3. With OA, CVR increased shortly after the termi-
nation of the apnea and peaked at 16% ± 4% above baseline 
(P < 0.005), 3 sec after the resumption of ventilation, before 
declining again. CVR did not change for either CA or HP over 
this time period (Fig. 3). Multivariate predictors of the maxi-
mal CVR increase following OA were assessed using a forward 
stepwise regression analysis. There was no effect of the pres-
ence of arousal, hypoxia associated with the event, or sleep 
stage; the only independent predictor was β-blocker use (R = 
0.45, R2 = 0.20, F = 10.9, P < 0.01).

The maximal CBF response seen after the termination of OA 
was predicted by a linear regression model: R = 0.60, F = 11.9, 
P < 0.001. Independent predictors of maximal CBF were the 
maximal RPP change (R = 0.52, F =18.4, P < 0.001), and also 
the presence of arousal from sleep with the respiratory event (R 
= 0.30, F = 5.95, P < 0.05). The magnitude of CBF increase was 
not predicted by the degree of oxygen desaturation, minimal 
SpO2, sleep stage, or use of β-blockers. In addition, the univari-
ate regression of minimal SpO2 with CBF revealed no evidence 
of a relationship.
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Figure 1—Change in CBF and RPP from 15 sec before to 15 sec 
after the end of OA, CA, and HP. Data represent mean ± SEM 
for pooled results of 5 patients with OA, 5 patients with CA, and 
6 patients with HP. Note the dissociation between CBF and RPP 
with obstructive apnea.

Table 1—Clinical Characteristics of Study Subjects

	 Patients (n = 10)
Age (y)	 60.3 ± 9.1
Sex, M/F	 8/2
BMI	 29.8 ± 4.4
Ex-smoker	 7 (70%)
Diabetes mellitus	 3 (30%)
Hypertension	 5 (50%)
Hyperlipidemia	 10 (100%)
Regular snoring	 7 (70%)
Epworth Sleepiness Scale score	 9.1 ± 6.2
Midazolam dose (mg)	 3.9 ± 1.7
Overnight AHI (events/h)	 20.8 ± 19.3

Data are mean ± SD or number (%) of patients with the factor. AHI 
indicates apnea-hypopnea index on subsequent overnight polysom-
nography, not during the percutaneous coronary intervention.

Table 2—Characteristics of Respiratory Events

	 OA	 CA	 HP
No. of events	 45	 70	 62
No. of patients with event	 5	 5	 6
SpO2 min (%)	 92.9 ± 3.4	 91.2 ± 3.6	 92.1 ± 3.2
O2 desaturation (%)	 3.3 ± 2.5	 2.5 ± 2.6	 2.2 ± 1.5
Events with arousal (%)	 71	 50	 53

OA = Obstructive Apnea, CA = Central Apnea, HP = Hypopnea. 
For SpO2 min and O2 desaturation (%), values are represented as 
mean ± standard deviation.
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F = 5.8, P < 0.05). The degree of O2 desaturation, presence of 
arousal, sleep stage, and β-blocker use did not predict the mag-
nitude of decline in CBF/RPP.

DISCUSSION

This is the first study to quantify the effect of sleep apnea 
on CBF in humans. We found that CBF increases following 
the termination of a respiratory event, with the pattern of CBF 
change depending on the nature of the breathing disorder. With 

CBF corrected for RPP decreased shortly after the termina-
tion of each respiratory event. The maximal CBF/RPP decline 
was predicted by a linear regression model: R = 0.53, F = 35.2, 
P < 0.001. Independent predictors of the nadir in CBF/RPP 
were the type of respiratory event (OA < CA < HP, R = 0.51, F 
= 61.9, P < 0.001) and the minimal SpO2 reached (R = –0.15, 
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Figure 3—Change in CVR from 15 sec before to 15 sec after the 
end of OA, CA, and HP. Data represents mean ± SEM for pooled 
results of 5 patients with OA, 5 patients with CA, and 6 patients 
with HP. With OA, CVR increases post apnea, peaking 16% ± 4% 
above baseline 3 sec following the end of the apnea (* P < 0.05). 
There is no significant increase in CVR with CAs or HPs.

Figure 2—Bilinear regression curves demonstrating the rela-
tionship between CBF and RPP. Data represent mean values for 
pooled results of 5 patients with OA, 5 patients with CA, and 6 pa-
tients with HP. For OA, the increase in CBF follows the increase 
in RPP with a delay of 8 sec, then the slope of rise is more steep 
(P < 0.001 for difference of intercept, slope, and coincidence). For 
CA and HP, the increase in CBF follows the increase in RPP with 
a delay of 5 and 4 sec, respectively, then increases at the same rate. 
(P < 0.001 for difference in intercept and coincidence. P = NS for 
difference of slope.)
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meet the exaggerated metabolic demand. Our data confirm this 
expectation, as both RPP and CBF increased in response to CA, 
peaking 7 to 12 sec after the end of the apnea. There was only a 
short delay (5 sec) before the CBF increased in response to the 
rising myocardial energy demand, and then CBF increased pro-
portionally to the increase in RPP. Additionally, there was no rise 
in CVR during this initial delay, and CVR fell after the end of the 
apnea, at the time when CBF had significantly increased.

OA, CBF becomes uncoupled from myocardial work (RPP), 
reflected by a significant delay of 8 sec before CBF follows the 
increase in RPP. Once CBF begins to increase, the slope of re-
sponse is steeper than that of RPP, compensating for the initial 
delay. Both features of the response to OA contrast with CA 
and HP, where the rise in CBF follows that of RPP with lesser 
delays of 5 and 4 sec, respectively, and where the slopes of CBF 
and RPP change are the same.

We quantified the extent of CBF and RPP mismatch by cal-
culating a CBF/RPP ratio. Stepwise regression analysis showed 
that the fall in CBF corrected for RPP (CBF/RPP) was strongly 
influenced by the type of respiratory event, with OA predicting 
a greater fall in CBF/RPP than CA and HP. The exaggerated 
deficit in flow seen in OA was explained by an increase in CVR 
of 16% ± 4%, 3 sec following the termination of OA, whereas 
there was no change in CVR following CA or HP. Stepwise 
regression analysis revealed that RPP and cortical arousal in-
fluenced the magnitude of CBF increase following OA, but the 
degree of oxygen desaturation was not an independent predic-
tor of the magnitude of CBF increase or the fall in CBF/RPP.

The myocardium has limited anaerobic capacity, and as 
a consequence, myocardial oxygen consumption is tightly 
coupled to oxygen delivery—increases in myocardial energy 
demand (myocardial work) are closely matched by increases 
in CBF. Following from this, an impaired CBF response to in-
creased myocardial work leads to a proportional reduction in 
coronary venous oxygen tension, that is, myocardial hypoxia.19 
The major determinants of myocardial work are heart rate and 
systemic blood pressure, and the multiplication product of the 
two (rate-pressure product, RPP) is an excellent and accurate 
correlate of myocardial oxygen consumption.15,20 Hence CBF 
and RPP should maintain a close and proportional relationship 
as myocardial work changes under physiological stimulation. 
Both obstructive and central sleep apneas are associated with 
acute increases in heart rate and blood pressure, and decreases 
in arterial oxygen saturation.7 These changes are maximal dur-
ing the period of hyperpnea that follows apnea resolution.7,21 At 
this time of resumption of ventilation, coronary arterial oxygen 
content is at a minimum.22 Consequently, a rise in CBF follow-
ing the apnea is vital to maintain adequate myocardial tissue 
oxygenation in the face of increased myocardial energy demand 
and arterial hypoxia. Underscoring the importance of this com-
pensation, there is clinical evidence suggesting an imbalance 
between myocardial oxygen supply and demand can occur at 
the time of apnea resolution. Nocturnal ischemia or angina in 
patients with OSA and coronary artery disease is common and 
predominantly occurs in this early post-apneic period.6 Our 
study provides a potential explanation for this clinical finding, 
as we have demonstrated a delayed and impaired CBF response 
to the increase in myocardial work that occurs with OA.

The differing coronary hemodynamic effects we observed be-
tween OA, CA, and HP can be explained by considering their 
specific respiratory and cardiovascular characteristics. Periodic 
central apneas are driven by an unstable ventilatory control sys-
tem and are not associated with excessive swings in intrathoracic 
pressure.23 However, CA does generate oscillations in heart rate 
and blood pressure with peaks occurring after the resumption of 
ventilation, even in the absence of hypoxia, CO2 retention, or 
arousal from sleep,24 so that CBF would be anticipated to rise to 
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Figure 4—Illustrative clinical recordings from a single patient 
for (A) obstructive apnea and (B) central apnea. The average and 
instant peak velocity represents the coronary blood flow. Follow-
ing obstructive apnea (A) note the delay (~ 10 sec) between the 
termination of the obstructive apnea event (1) and the peak coro-
nary blood flow response (2). Note the lesser delay (~ 4 sec) after 
termination of central apnea (B).
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tion, towards α-adrenoreceptor vasoconstriction, particularly in 
subjects with associated endothelial dysfunction and impaired 
production of NO. In keeping with the likelihood of sympathet-
ically induced α-adrenoreceptor mediated vasoconstriction in 
our study subjects, β-blocker use was the only independent pre-
dictor of a CVR increase during OA. In further support of our 
hypothesis, Jones et al have demonstrated that α-adrenoreceptor 
activation is an important determinant of coronary vascular re-
sistance in the setting of abnormal endothelial dependent relax-
ation.31 Although our studies utilized angiographically smooth 
or minimally irregular vessel, all patients had established coro-
nary atherosclerosis and thus were likely to have had a degree 
of coronary endothelial dysfunction. Thus, similar CBF and 
CVR responses may not be seen in patients without coronary 
artery disease, but this remains to be determined. The poten-
tial interaction of endothelial dysfunction and the adrenergic 
system on CBF during OSA, as suggested by our results, are 
intriguing and warrant further dedicated study.

The hemodynamic responses seen with hypopneas were less 
dramatic than those seen for either OA or CA. The magnitudes 
of rise in CBF and RPP were less, with CBF peaking only 10% 
± 4% above baseline, and there was no increase in CVR in the 
early post-hypopneic period. Furthermore, the delay from the 
beginning of the RPP to CBF rise was only 4 sec, with no evi-
dence that the slope of the CBF response exceeded that of the 
RPP increase. The lesser impact on the coronary circulation 
of HP is in keeping with how these events differ physiologi-
cally from OA and CA. Intrathoracic pressure swings and the 
resultant hemodynamic stress would be expected to be of lower 
magnitude than that seen with obstructive apneas, and accord-
ingly, the impact on CBF and its regulation would also be pre-
dicted to be less, as our data show.

Although arterial oxygen desaturation with respiratory events 
contributes to myocardial hypoxia, the exact role it plays in the 
coronary hemodynamic response to apnea remains controversial. 
Under baseline conditions, hypoxia leads to coronary vasodila-
tion, whereas hyperoxia vasoconstricts.32 The system is more 
complex in the setting of hypoxia with associated upper airway 
obstruction, as other physiological factors (both mechanical and 
neurohumeral) affect CBF to a significant degree. In particular, 
there are conflicting data as to whether the increase in blood pres-
sure and CBF seen with obstructive apnea is independent from, or 
driven by, the accompanying hypoxia.8,21,33,34 In our study, neither 
the degree of oxygen desaturation nor the minimum SpO2 level 
were significant predictors of the maximal CBF rise. Although 
hypoxia has the potential to increase CBF via local vasodilation 
and activation of the sympathetic nervous system in sleep apnea, 
our analysis suggests that any such effects of hypoxia on CBF 
are overwhelmed by the autonomic response to apnea termina-
tion, by lung reinflation, or by cortical arousal. In keeping with 
this suggestion, each of these factors has been associated with 
increases in heart rate and blood pressure at the end of both ob-
structive and central apneas.21,24,35 A caveat of this is that the de-
gree of O2 desaturation seen in our study was mild, so we can not 
exclude the possibility that arterial hypoxia becomes a significant 
mediator of the rise in CBF at more extreme levels of oxygen 
desaturation, as has been suggested by animal studies.8,36

There are a number of limitations to our study. Patient num-
bers were small, as the measurement technique is invasive, and 

In contrast, obstructive apneas are associated with large, 
negative swings in intrathoracic pressure, as respiratory effort 
continues against an obstructed oropharynx.25 Cardiac output 
is impaired during the apnea (due to a combination of reduced 
preload and increased afterload),26 then surges once the obstruc-
tion is relieved and the heart rate increases, contributing to the 
increase in blood pressure seen following the event. Arousal 
from sleep is common with obstructive apneas and exacerbates 
the increase in heart rate and blood pressure through activa-
tion of the sympathetic nervous system.27 Our data show that 
while the RPP increases as expected following obstructive ap-
neas, there is a transient period when the CBF response is in-
adequate, in two important respects. First, toward the end of 
the apnea and in the immediate post apneic period, CBF does 
not rise in concert with RPP, as would normally be required to 
meet increasing myocardial metabolic needs. Rather, there is a 
delay of 8 sec before the CBF begins to rise following the RPP 
increase. Moreover, during this delay, the CBF corrected for 
RPP is falling, signifying a worsening of flow-metabolic de-
mand coupling. Stepwise regression analysis showed that the 
magnitude of this fall is greater for OA than for CA or HP, inde-
pendent of other contributing factors. This mismatch between 
flow-metabolic demand coupling with OA is likely to be clini-
cally relevant in the setting of underlying coronary artery dis-
ease, as it has recently been shown that obstructive apneas can 
acutely change the physiological significance of an intermedi-
ate grade coronary stenosis.28 In this case report of a patient 
with obstructive sleep apnea occurring during coronary angiog-
raphy, fractional flow reserve measurements varied from above 
to below the ischemic threshold. The presence of OSA there-
fore converted a functionally benign coronary lesion to a clini-
cally significant one. Furthermore, repeated obstructive events 
throughout the night (as in severe obstructive sleep apnea) may 
lead to cumulative adverse ischemic effects—exacerbating the 
effects of a single event of short duration.

We identified a rise in CVR as the basis for the impaired CBF 
response in obstructive events. With OA, CVR rose through-
out the period of delayed CBF response, peaking at 16% above 
baseline. Immediately following this peak, CVR began to fall 
and CBF subsequently increased. By contrast, there were no 
CVR increases associated with CA or HP events.

The exact basis for this imbalance between CBF and myo-
cardial work and rise in CVR is uncertain, but we postulate it 
is due to an imbalance of factors affecting coronary resistance 
vessels, including α-adrenoreceptor mediated vasoconstriction, 
β-adrenoreceptor mediated vasodilation, hypoxia-mediated va-
sodilation, and local production of endothelial derived vasodi-
lators, such as nitric oxide (NO) and prostaglandins. In chroni-
cally instrumented pigs, airway obstruction with arousal from 
rapid eye movement sleep is associated with a 24% increase 
in CVR following the termination of the apnea.9 Vasoconstric-
tion was mediated by the sympathetic nervous system, acting 
via α receptors. Normally, an increase in sympathetic activity 
leads to a net reduction in coronary vascular resistance and 
an increase in CBF. This occurs through activation of dilating 
β-adrenoreceptors,29 but also via metabolic vasodilation, with 
activation of other local endothelial mediators.30 An increase 
in cardiac sympathetic activity at the end of an apnea may tip 
the balance away from β-adrenoreceptor mediated vasodila-
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match may not have clinical sequelae in patients without coro-
nary stenosis, but may well become important in those with either 
intermediate severity or hemodynamically significant lesions. In 
this setting, the dissociation between CBF and myocardial work 
is likely to become accentuated and may lead to myocardial isch-
emia. In those with more severe OSA, significant arterial oxygen 
desaturation resulting from the apneas is likely to worsen myo-
cardial oxygen supply, increasing the risk of ischemia.

In summary, this novel study provides the first CBF mea-
surements in human OSA and suggests potential mechanisms 
of adverse cardiovascular outcomes in patients with OSA that 
warrant further investigation. Because OSA can be effectively 
treated, the possibility that OSA is present should be considered 
in patients with coronary artery disease, particularly those who 
complain of nocturnal ischemia.
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