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Impact of dye injection on intracoronary pressure
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Abstract

Aims: Coronary angiography is widely used to estimate coronary blood flow velocity, as in the TIMI frame
count method. However, it is unknown to what extent the injection of dye elevates intracoronary pressure
which may accelerate coronary blood flow velocity. In the present study, intracoronary pressure was
measured during coronary angiography.

Methods and results: In 25 patients with non-significant coronary lesions, assessed by fractional flow
reserve measurement with a pressure guidewire, we recorded intracoronary pressure during dye injection
for coronary angiography in the ostium of the coronary artery as well as distal to the lesion. There was a rise
in mean intracoronary pressure during dye injection in both ostial and distal coronary arterial segments
(from 90.8+17.2 mmHg to 96.8+18.5 mmHg and from 89.7+15.3 mmHg to 93.6+17.3 mmHg,
respectively; p<0.001). Nevertheless, the absolute and relative increase in pressure was small
(6.0+4.2 mmHg {6.7+4.9%} in the ostium, and 3.9+5.5 mmHg {4.2+5.7%} distally).

Conclusions: In coronary arteries without significant stenosis, coronary angiography causes only a minor
increase in intracoronary pressure. The limited impact of dye injection on intracoronary blood pressure
confirms the value of coronary angiography for estimation of coronary flow velocity.
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Introduction

Coronary blood flow velocity can be estimated from coronary
angiography by measuring TIMI frame count (TFC)-? and TIMI
frame count velocity (FCV)3#. Previous studies showed that both
size of the guiding catheter® and rate of contrast injection®” do not
significantly alter TFC. Nevertheless, during angiography, the force
of dye injection could temporarily elevate intracoronary pressure to
some extent, which may increase coronary blood flow velocity.
Coronary blood flow during dye injection has previously been
studied®, but we are not aware of a study that may have
prospectively investigated the effect of dye injection on (proximal
and distal) intracoronary pressure in human coronary arteries in
vivo. We therefore studied this relationship during standard
coronary angiography procedures.

Methods
Study population

We examined a total of 25 consecutive patients, who were in sinus
rhythm and scheduled for fractional flow reserve (FFR)
measurement of an intermediate coronary lesions which turned out
to be insignificant (FFR>0.75). Patients with atrial fibrillation,
anatomically significant ostium stenosis (diameter stenosis >50%
by quantitative coronary angiography) or damping of the pressure
curve were not considered for inclusion.

Interventional procedure

All patients were examined through the femoral artery using 6 Fr
guiding catheters without side holes (Cordis Europa, Roden, The
Netherlands) and received a bolus of 5.000 IU of heparin and an
intracoronary bolus of 200-300 pg of nitroglycerin. The contrast
medium lodixanol (Visipaque 320, Amersham Health, Eindhoven,
The Netherlands) was used for coronary angiography with manual
dye injections. We performed standard quantitative coronary
angiography (QCA) analyses (Pie Medical Imaging, Maastricht, The
Netherlands) of the proximal and distal reference vessel segments
and the target lesion.

Pressure recordings and analysis

Pressure sensor-equipped guidewires (Radi Medical Systems,
Uppsala, Sweden) that permit intracoronary pressure tracings
without flow obstruction were used to measure intracoronary
pressure as previously described®!®. FFR was determined after
bolus injection of 50 pg of adenosine into the right coronary artery
and 100 pg into the left coronary artery. After coronary hyperaemia
was no longer present, coronary angiography was accomplished.
During dye injection we performed simultaneous measurements of
both the pressure inside the coronary arteries (by the pressure
sensor on the pressure guidewire) and the pressure in the proximal
part of the guiding catheter (by the fluid filled pressure sensor on
the manifold). The pressure sensor of the guidewire was positioned,
first distally to the target lesion and secondly, in the proximal
segment of the coronary artery just a few millimetres distal to the
ostium. Systolic and diastolic arterial pressure was recorded digitally
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for both sites. All pressure recordings started at least one cardiac
cycle before the dye injection and ended after at least one cardiac
cycle after contrast injection was finished. In Figure 1, a typical
pressure tracing during the injection of dye is shown. The mean
arterial pressure (MAP) was calculated as: (1x systolic pressure
+ 2x diastolic pressure) divided by 3.

In an additional group of six patients, intracoronary pressure during
dye injection was recorded at the coronary ostium as well as in the
coronary artery at a distance of 3, 6 and 9cm from the ostium.
These distances were determined by the length of the radio-opaque
distal part of the pressure guidewire.
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Figure 1. Example of catheter and pressure guidewire tracings
(mmHg) during dye injection with pressure sensor located in left main
coronary artery, showing minor elevation of intracoronary pressure
during injection of approximate 10 mmHg.

Statistical analysis

Analyses were performed with SPSS 16.0 (SPSS Inc., Chicago, IL,
USA). Dichotomous data are presented as frequencies. Quantitative
data are presented as mean+1SD and compared using repeated
measurements analysis (Random intercept) with post hoc
comparisons according to the method of Sidak. A p-value <0.05
was considered significant.

Results

The characteristics of the 25 patients are presented in Table 1. The
procedure and lesion characteristics are shown in Table 2. There
were 21 measurements in the left main coronary artery (LCA), five in
the ostium of the right coronary artery (RCA) and 32 measurements
distal to intermediate lesions (17 left anterior descending (LAD),
10 left circumflex (LCx), and five RCA). In one patient,
measurements were performed in the LCA as well as in the RCA, and
in six patients measurements were performed both in LAD and LCx.
Table 3 shows the systolic, diastolic, and mean intracoronary pressure
before, during and after dye injection, both in the coronary ostium and
distal to the intermediate lesion. During dye injection there was an
increase in systolic and diastolic blood pressure (mean pressure from
90.8+17.2 mmHg to 96.8+18.5 mmHg, p<0.001 for ostial pressure
measurements, and from 89.7+15.3 mmHg to 93.6+17.3 mmHg,
p<0.02 for distal measurements). Nevertheless, this increase
remained small. The mean pressure in the ostium of the coronary
artery increased during dye injection by 6.0+4.2 mmHg (6.7+4.9%),
while distal to the insignificant lesion the intracoronary pressure
increased by 3.9+5.5 mmHg (4.2+5.7%). There were no significant
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Table 1. Patient characteristics.

Patients, n 25
Age, y 64+9.8
Male, % 80
Diabetes mellitus, % 12
Hypertension, % 40
Dyslipidaemia, % 40
Smoker, % 24
Family history of coronary disease, % 32
Medication, %
Acetylsalicylic acid 100
Beta blockers 68
Statins 76
ACE inhibitors 44
Calcium channel blockers 40
Nitrates 32
Previous myocardial infarction, % 12
Previous CABG, % 0
Previous PCI, % 24

ACE: angiotensin-converting enzyme; CABG: coronary artery bypass
grafting; PCI: percutaneous coronary intervention

Table 2. Lesion and procedure characteristics.
All Ostial (n=26) Distal (n=32)

LCA, n 21 -
LAD, n - 17
LCx, n - 10

RCA, n 5 5

Vessel reference diameter, mm 4.3+1.1 3.1+0.4

Diameter stenosis, % - 49.245.7

Systolic blood pressure, mmHg 13531

Diastolic blood pressure, mmHg 68+11

Heart Rate, bpm 65+12.9

FFR - 0.85+0.07

LCA: left coronary artery; LAD: left anterior descending; LCx: left circumflex
coronary artery; RCA: right coronary artery; FFR: fractional flow reserve

differences for the increase in pressure in the LCA compared to the
RCA (6.6+4.4 mmHg and 3.6+2.8 mmHg, respectively, p=NS).
Figures 2 and 3 illustrate the individual changes in systolic and
diastolic pressure for ostial and distal positions of the pressure wire
sensor, respectively.

In six patients, intracoronary pressure was recorded at the
coronary ostium and in the coronary artery at 3, 6 and 9 cm from
the ostium (3 LAD, 2LCx and 2 RCA). The change in mean
intracoronary pressure during dye injection compared to the mean
pressure before and after injection is shown in Figure 4. Mean
change in intracoronary pressure during dye injection, measured

Table 3. Intracoronary pressure before, during and after dye injection.
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Figure 2. Systolic (e) and diastolic (°) intracoronary pressures
(mmHg) before, during, and after dye injection for all measurements
with the pressure sensor located in the coronary ostium (n=26).

Distal

250 -

200

150

100 4

Intracoronary pressure (mm Hg)

50 4

During After
injection

Before

Figure 3. Systolic (e) and diastolic (°) intracoronary pressures
(mm Hg) before, during and after dye injection for all measurements
with the pressure sensor located distal to the target lesion (n=32).

from proximal to distal was 6.9+1.2, 4.0+1.4, 4.5+1.3 and
3.1£1.5 mmHg.

Discussion

The present study shows that manual injection of dye for coronary
angiography causes a measurable, statistically significant rise in
intracoronary pressure, which is relatively small and can be observed
particularly in the proximal segments of the left and right coronary
arteries. In fact, such a small increase in systolic and diastolic pressure
is negligible compared to normal variations in blood pressure such as
— for instance — that caused by respiration. The results of this study

Before During After p*
Ostial pressure (mmHg)  Systolic 136.0+33.6 145.1+33.9 138.3+34.8 <0.001
Diastolic 68.2+11.0 72.6+12.4 68.9+10.6 <0.001
Mean 90.8+17.2 96.8+18.5 92.1£17.1 <0.001
Distal pressure (mmHg)  Systolic 134.1+28.9 140.4431.1 137.2431.7 <0.001
Diastolic 67.5+£10.9 70.3+13.3 68.7+£12.1 0.016
Mean 89.7+15.3 93.6+17.3 91.5+£16.8 <0.001

*p for pressures during dye injection compared to before the injection, and for after dye injection compared to during injection.
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Figure 4. Change in mean intracoronary pressure (mmHg) during dye
injection compared to the mean pressure before and after injection,
with the pressure sensor located in the coronary ostium and 3, 6 and
9 cm distal to the ostium (n=6).

confirm the use of coronary angiography for estimation of coronary
blood flow velocity with the TIMI frame count®, as well as for the
evaluation of microvascular perfusion with the Myocardial Blush
Grade'. In addition, the manual injection of saline that is used to
estimate coronary flow and microvascular resistance!®>", is likewise of
limited influence on intracoronary pressure and blood flow velocity.

Previous studies

Our data explain why the rate of dye injection does not significantly
influence blood flow velocity, as was shown by Dodge et al and
Abaci et al®” and confirms the value of using coronary angiography
to estimate coronary blood flow velocity with TFC and FCV!*4. In
addition, the findings of the present study are in accordance with
data of Hodgson et al, who found only a small increase (<1.5%) in
coronary blood flow during the initial phase of dye injection®.

Factors that may affect coronary pressure
during angiography

There is a critical ratio between the size of the guiding catheter and
the coronary orifice, above which the high pressure inside the
guiding catheter (during dye injection) propagates into the coronary
artery. The exact value of this critical ratio is unknown. For that
reason, it was essential to assure an easy backflow of dye into the
ascending aorta during dye injection, which resulted in stable
intracoronary pressure. Of note, our study was performed with 6 Fr
guiding catheters in coronary arteries without significant ostial
disease or damping of the pressure signal in the guiding catheter.
In addition, in case of haemodynamic significant coronary stenosis,
dye injection may increase proximal intracoronary pressure in a
more pronounced fashion as compared to normal coronary arteries.
However, we limited our study to the assessment of pressure in
coronary arteries without haemodynamically significant coronary
stenosis (FFR>0.75 in all vessels studied).

Implications for TIMI frame count

The rise in mean arterial pressure in the ostium of the coronary arteries
during dye injection was 6.0+4.2 mmHg. Compared to baseling, this is
an increase by 6.7+4.9%. In general, the rise in pressure lasts the
whole period of time in which the frames for the TFC are counted.
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Assuming that coronary resistance (epicardial and microvascular)
does not change, this pressure rise should augment coronary blood
flow velocity during TFC measurements by approximately 6.7%
(compared to the state before dye injection). Left anterior
descending (LAD), left circumflex (LCx), and right (RCA) coronary
arteries without significant stenosis have a mean TFC of 35.1+17.0,
25.1+£9.5, and 17.0+2.5 respectively (25 frames/sec)*.
Consequently, the dye injection for TFC measurement may increase
coronary flow velocity and lower TFC, with a decrease on average of
2.3, 1.9 and 1.1 frames for LAD, LCx, and RCA respectively, less
then corresponding standard deviations.

For the assessment and comparison of the TFC in daily practice and
in scientific studies, it makes no sense to perform a correction of the
measurements as TFC requires dye injection as an essential part of
the method. Nevertheless, we feel that it is interesting to know and
take into account the above mentioned facts.

Limitations

Standard manual dye injection may show more variability in force than
an automated dye injection with an injection pump. Nevertheless, the
manual approach resembles the routine practice in the vast majority of
catheterisation laboratories, both in routine practice and scientific
studies, and our findings can be transferred to most clinical scenarios.
All measurements were done using 6 Fr guiding catheters. It is
possible that the use of 8 Fr guiding catheters causes more
pronounced elevation of intracoronary pressure during dye injection.
This could be a subject of future studies. In the calculation of mean
blood pressure and the relation to coronary flow velocity, the
predominant diastolic coronary flow was not accounted for. The higher
viscosity of dye as compared to blood may reduce flow velocity to a
certain extent; this issue could not be addressed in this clinical study
and may not be relevant as it is inherent to the technique. The sample
size of 25 patients was not large, but adequate to assess the relation
between dye injection and intracoronary pressure. Finally, blood
pressure variation caused by respiration could have influenced
pressure measurements to a limited degree.

Conclusion

In coronary arteries without significant stenosis, coronary
angiography causes only a minor increase in intracoronary
pressure. Our data are in line with previous findings which
suggested that the impact of dye injection on coronary blood flow
velocity is limited, and confirm the value of coronary angiography for
estimation of coronary blood flow velocity.
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