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Pain Control and Hemodynamic Changes due to Moderate
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Background: Moderate sedation is a practice of promoting patient comfort during cardiac catheterization. However, few studies have evaluated
the effectiveness of moderate sedation in patients undergoing cardiac catheterization.

Objective: To determine the efficacy of moderate sedation in patients undergoing cardiac catheterization.

Materials and Methods: The authors retrospectively analyzed patients undergoing cardiac catheterization. They were divided into the moderate
sedation group, which received midazolam, fentanyl, or combined midazolam and fentanyl, and the control group, which received no sedative
medication. The primary endpoint was self-reported pain score during the procedure. The secondary endpoint was a hemodynamic variation
during the procedure. Propensity-score matching was used to reduce confounding biases.

Results: One hundred ninety-six patients were included, with 111 patients in the moderate sedation group and 85 patients in the control group.
The proportion of patients who experienced any pain was significantly lower in the moderate sedation group than in the control group at 3.6%
versus 11.8% (p=0.028). No significant difference was found in the average change in the systolic blood pressure at -9 mmHg versus -4 mmHg
(p=0.097) and the heart rate at -1 bpm versus -2 bpm (p=0.289) obtained at baseline and that at the end of the procedure between the moderate
sedation group and the control group. However, the change in the diastolic blood pressure (DBP) measured at baseline and at the end of the
procedure was significantly lower in the moderate sedation group than in the control group at -4 mmHg versus -1 mmHg (p=0.039).

Conclusion: Moderate sedation by using a low-dose fentanyl, midazolam, or combined fentanyl and midazolam is associated with fewer episodes
of pain and better DBP stability during cardiac catheterization.
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Cardiac catheterization is a well-tolerated
procedure. However, anxiety and pain may occur
during the procedure, which leads to radial artery
spasm (RAS) and vital sign changes. Moderate
sedation during cardiac catheterization is a widespread
practice in the United States, which aims to promote
patient comfort during the procedure. Intravenous
administration of midazolam and fentanyl is the
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mainstay of moderate sedation in the cardiac
catheterization laboratory”. The usage rates of
moderate sedation vary. In the United States,
moderate sedation is used in 92% of the cases,
whereas in other parts of the world, it was only 38%?.
Despite the frequent use of moderate sedation, the
effectiveness of sedation is not well studied.

Sedation offers areduction in pain and discomfort,
improvement in hemodynamics, and prevention
of RAS®. However, potential complications of
sedation include respiratory and cardiac depression
and paradoxical agitation, which require close
monitoring.

Data on the specific medication and dosage
for sedation during cardiac catheterization are
limited. The American College of Cardiology
Foundation/Society Cardiovascular Angiography
and Interventions Expert Consensus Document
on Cardiac Catheterization Laboratory Standards
Update® provides recommendations for standard
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on drug administration and monitoring of sedation.
However, the guideline does not give specific
recommendations regarding a specific medication
regimen.

Thus, in the present retrospective study, the
authors aimed to compare pain perception and
hemodynamic changes during cardiac catheterization
in patients who received moderate sedation and
controls.

Materials and Methods
Study design and setting

The present study was a retrospective study
that included all adult patients undergoing coronary
angiography (CAG) with or without percutaneous
coronary intervention (PCI) at Bangkok Hospital
Khon Kaen, Khon Kaen, Thailand between January
1, 2020 and January 31, 2022. Patients with clinical
instability, hemodynamic or respiratory compromise,
altered sensorium, or inability to monitor side effects
were excluded.

In the moderate sedation group, midazolam
0.05 mg/kg, with a maximum dose of 4 mg,
fentanyl 0.5 mcg/kg, with a maximum dose of 100
mcg, or combined midazolam and fentanyl were
given intravenously before the procedure based
on the decision of the interventional cardiologists.
Additional doses may be required if the patient
remained agitated. Patients’ consciousness level,
ventilation, oxygenation, and hemodynamics were
monitored during the procedure by a dedicated
interventional trained nursing staff. Patients who did
not receive midazolam, fentanyl, or other sedative
medications were assigned to the control group. CAG
with or without PCI was performed by interventional
cardiologists who decided on the arterial access
such as radial or femoral artery. Local anesthesia
was administered using subcutaneous lidocaine.
Moreover, 6-Fr hydrophilic sheaths were used. The
operators selected the guidewires and catheters.
Post-procedure hemostasis was applied using a radial
compression device (TR Band, Terumo Medical
Corporation, Somerset, New Jersey) for 180 to 240
minutes for radial artery access. For femoral artery
access, manual compression was performed for 30 to
35 minutes until achieving hemostasis.

The primary endpoints were pain prevalence and
patient-perceived pain score, which were assessed by
nursing staff in the cardiac catheterization laboratory
before, during, and after the procedure. If patients
experienced pain, they were asked to rate this pain
using a Likert scale, whereby the discomfort was
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rated on a scale of 1 to 10, with 1 corresponding to
“mild pain” and 10 to “worse pain possible”. The
secondary endpoint was hemodynamic variation.
Blood pressure and heart rate (HR) were monitored
during the procedure, at the arrival in the cardiac
catheterization laboratory, and at the end of the
procedure. Blood pressure measurements were
obtained at 5-minute intervals using the cuff around
the left lower leg. Continuous HR monitoring was
performed using an automatic defibrillator machine.

Statistical analysis

Data analyses were performed using Stata,
version 10.1 (StataCorp LP, College Station, TX,
USA). Descriptive statistics were reported for
continuous data using median and interquartile
range (Q1 to Q3). Categorical data were presented
using frequencies and percentages. The Fisher’s
exact test was used to compare the incidence of pain
during the procedure between the treatment and the
control groups, whereas, the Mann-Whitney test
was applied to compare pain severity and changes
in hemodynamic parameters between the two
groups. Statistical significance was set at 0.05. Due
to differences in baseline characteristics between
patients in two groups, propensity-score matching
with the nearest-neighbor, was used to reduce to
effect of confounding.

Ethical approval

The study was approved by the Bangkok
Hospital Institutional Review Board on June 8, 2023
(BHQ-IRB 2022-03-12).

Results

The present study included 196 patients with
30.6% female (61.7+10.9 years). They were divided
into two groups with 111 patients in the moderate
sedation group and 85 patients in the control group.
Baseline characteristics by treatment groups are
presented in Table 1. The prevalence of hypertension
was significantly higher in the moderate sedation
group than in the control group at 64.0% versus
49.4% (p=0.041). The procedure took longer time
in the moderate sedation group than in the control
group at 35 minutes versus 23 minutes (p=0.002).
This difference occurred because the rate of CAG
with PCI, which typically takes longer than CAG
alone, was higher in the moderate sedation group
than in the control group at 42.3% versus 29.4%.
The majority of the patients (97.4%) went through
the procedure via the right radial access. Among
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Table 1. Baseline characteristics by group

Variables Unmatched patients Propensity-scored-matched patients
Moderate sedation Control p-value Moderate sedation Control p-value
(n=111) (n=85) (n=84) (n=84)
Age (years); mean+SD 62.3+10.5 61.2+11.4 0.217 61.7+10.4 61.5+10.8 0.745
Sex (male); n (%) 75 (67.6) 61 (71.8) 0.527 58 (69.1) 60 (71.4) 0.736
BMI; mean+SD 24.7+4.9 24.91+4.6 0.391 25.3+4.9 24.914.6 0.651
Underlying disease; n (%)
Hypertension 71 (64.0) 42 (49.4) 0.041 49 (58.3) 42 (50.0) 0.278
Diabetes mellitus 51 (45.9) 35 (41.2) 0.505 46 (54.8) 35 (41.7) 0.089
Dyslipidemia 75 (67.6) 68 (80.0) 0.052 68 (81.0) 68 (81.0) 1.000
Smoking status; n (%) 0.065 0.208
Nonsmoker 57 (51.4) 55 (64.7) 43 (51.2) 54 (64.3)
Ex-smoker 20 (18.0) 16 (18.8) 17 (20.2) 16 (19.1)
Smoker 34 (30.6) 14 (16.5) 24 (28.6) 14 (16.7)
Prior CAG/PCI (yes); n (%) 11 (9.9) 11 (12.9) 0.505 8(9.5) 11 (13.1) 0.465
Procedure; n (%) 0.166 0.712
CAG 64 (57.7) 60 (70.6) 54 (64.3) 59 (70.2)
CAG with PCI 47 (42.3) 25 (29.4) 30 (35.7) 25 (29.8)
Catheter access site; n (%) 0.154 0.106
Radial 87 (78.4) 59 (69.4) 68 (81.0) 59 (70.2)
Femoral 24 (21.6) 26 (30.6) 16 (19.1) 25 (29.8)
Contrast volume (mL); median (Q1-Q3) 40 (30 to 80) 40 (30to 75) 0.220 40 (30to 70) 40 (30to 75) 0.399
Access site crossover; n (%) 4 (3.6) 4 (4.7) 0.699 1(1.2) 4 (4.8) 0.173
Procedure duration (minutes); median (Q1-Q3) 35 (19 to 58) 23 (15t0 39) 0.002 31 (17 to 45) 23 (15t0 42) 0.021
Baseline systolic BP (mmHg); median (Q1-Q3) 145 (134to 168) 155 (137to 172) 0.045 146 (131to 162) 156 (137to172) 0.016
Baseline diastolic BP (mmHg); median (Q1-Q3) 78 (71 to 86) 84 (7510 93) 0.099 79 (72 to 84) 83 (75t093) 0.015

BMI=body mass index; BP=blood pressure; CAG=cardiac angiography; PCI=percutaneous coronary intervention; SD=standard deviation

patients in the moderate sedation group, 52 received
midazolam alone with a median dose of 1 mg (1 to
1.5), nine received fentanyl alone with a median dose
of 25 mcg (25 to 25), and 50 received both midazolam
and fentanyl with a median dose of midazolam and
fentanyl of I mg (1 to 1.5) and 25 mcg (25 to 43.75),
respectively.

The baseline systolic blood pressure (SBP)
was lower in the moderate sedation group than in
the control group at 145 mmHg versus 155 mmHg
(p=0.045), but no significant difference in baseline
diastolic blood pressure (DBP) was observed.

Due to major imbalances between the moderate
sedation and control groups with respect to baseline
characteristics, propensity-score method was used
to balance the biases. Eighty-four patients in each
group were successfully matched. The differences
between moderate sedation and control variables were
attenuated in the propensity-match samples compared
to the unmatched samples (Table 1).

Primary outcome measures: The percentage of
patients who experienced any pain was significantly
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lower in the moderate sedation group than in the
control group at 3.6% versus 11.8% (p=0.028).
Among those who reported pain, the average pain
score was 7 (6.5 to 7.5) in the moderate sedation
group compared with 8 (7 to 9) in the control group,
which were not significantly different (Table 2). The
benefit of moderate sedation in decrease episodes
of pain remained evident in the propensity-score-
matched analysis.

Secondary outcome measures: No significant
difference in average changes in SBP and HR
obtained at the baseline and the end of procedure
was found between the moderate sedation group
and the control group with SBP of -9 mmHg versus
—4 mmHg (p=0.097) and HR of —1 bpm versus
-2 bpm (p=0.289). However, the change in DBP
obtained at baseline and the end of the procedure was
significantly lower in the moderate sedation group
than in the control group with -4 mmHg versus —1
mmHg (p=0.039) (Table 2). In the propensity-score-
matched analysis, the benefit of DBP stability was
similar to unmatched analysis.
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Table 2. Comparison of primary and secondary endpoints

Outcomes

Unmatched Patients

Propensity-scored-matched patients

Moderate sedation Control p-value Moderate sedation Control p-value
(n=111) (n=85) (n=84) (n=84)

Pain during procedure; n (%) 4(3.6) 10 (11.8) 0.028 3(3.6) 10 (11.9) 0.043
Pain severity (1-10); median (Q1-Q3) 7 (6.5 to 7.5) 8 (7to9) 0.263 7 (6to7) 8 (7 to 9) 0.156
Hemodynamic parameters; median (Q1-Q3)

Change in systolic BP (mmHg) -9 (-20to-1) -4 (-14to 6) 0.097 -8.5(-19.5t0-1) -4 (-14to 6) 0.054
Change in diastolic BP (mmHg) -4 (-12to 1) -1(-7to5) 0.039 -3.5(-11.5t0-1) -1(-7t05) 0.033
Change in pulse rate (beat per minute) -1(-7to 3) -2 (-6to 5) 0.289 -1 (-6to 3.5) -2 (-6to0 4.5) 0.818

BP=blood pressure

Discussion

Adequate sedation during cardiac catheterization
is desirable to ensure patient comfort®. However,
data regarding optimal sedation during cardiac
catheterization are limited, and previous studies
yielded conflicting results®®. The authors’
retrospective study was conducted to determine
the benefits of moderate sedation during cardiac
catheterization. Most of the present study patients
undergoing elective cardiac catheterization did not
experience pain at any point during the procedure.
Only four patients (3.6%) in the moderate sedation
group and ten patients (11.8%) in the control group
reported pain or discomfort. Among those who
experienced pain or discomfort, the average pain
scores were 7 (6.5 to 7.5) and 8 (7 to 9) in the
moderate sedation and control groups, respectively.
Based on the present study data, significantly less
incidence of patient-perceived pain was noted in
the moderate sedation group. The benefits of patient
comfort during the procedure were similar to that
reported by Deftereos et al., who measured patient
discomfort using a visual analog scale®.

Anxiety is common among patients undergoing
CAG, which can activate the sympathetic nervous
system, leading to hypertension and tachycardia?.
These hemodynamic changes could be detrimental
and cause myocardial ischemic and heart failure!'V.
Raza et al. reported that midazolam caused a
significant reduction in systemic vascular resistance,
DBP, and left ventricular stroke work index among
patients with severe coronary occlusion'?. Moderate
sedation was also studied in other procedures.
Prabhudev et al. showed better patient-reported
tolerance and satisfaction composite scores with the
intake of midazolam alone or combined fentanyl
and midazolam than placebo in patients undergoing
flexible bronchoscopy!'®. However, no differences
in HR, SBP, and DBP were observed'?. Regarding
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hemodynamic parameters in the present study,
moderate sedation showed better DBP stability
during the procedure than did the control group.
Nevertheless, no significant difference in SBP and
HR was observed between the moderate sedation and
the control groups.

Transradial arterial access becomes a
preferred practice for CAG and PCI because of
the comparable procedural success rate with less
vascular complications and shorter hospital stay!*!).,
However, access-site crossover from the radial to the
femoral access could occur and become problematic,
as it may increase the procedure time and major
vascular complications'*'9. RAS is one of the
major contributors for access-site crossover® and it
is caused by pain and anxiety!'*'?. Therefore, RAS
must be prevented to avoid vascular injury, procedural
failure, and patient discomfort.

Benzodiazepine has dose-dependent vaso-
dilatory effects"™®. At a low dose, midazolam
induces vasodilation via an endothelium-dependent
mechanism, whereas at a high dose, it occurs mostly
via an endothelium-independent mechanism. Gursoy
et al. reported the dose-dependent vasorelaxant effects
of opioids on the human radial artery"®. Among each
opioid analgesic, fentanyl and meperidine were
more potent relaxant agents than morphine and
remifentanil. Therefore, the use of benzodiazepine
and opioid analgesics during cardiac catheterization
may offer the benefits of both anxiolytics, such as
pain control and vasodilation, which can prevent
RAS. Deftereos et al. demonstrated that procedural
sedation with midazolam and fentanyl in patients
undergoing elective PCI can reduce RAS compared
with the control intervention for 2.6% versus 8.3%
(p<0.001)®. The access-site crossover rate was also
lower in patients who received procedural sedation
with 9.9% versus 15% (p=0.001). On the contrary,
Astarcioglu et al. failed to demonstrate the effect
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of midazolam in preventing RAS!". As the present
study had a small sample size with a low incidence of
access-site crossover, the benefit of moderate sedation
in the prevention of RAS and access-site conversion
cannot be entirely assessed.

Morphine may activate platelet aggregation by
binding to the alpha2-adrenoreceptors in platelets,
resulting in the increased formation of thromboxane
A and eventually induced platelet aggregation@®2,
According to the IMPRESSION trial, morphine
altered the pharmacokinetics of ticagrelor by reducing
the total exposure to its active metabolite by 36%.
Moreover, data demonstrated a delay in the maximal
plasma concentration of ticagrelor of four hours
versus two hours (p=0.004) in patients with acute
myocardial infarction who received morphine®?.
Regarding other opioid derivatives, McEvoy et al.
reported that fentanyl lowers the concentration of
ticagrelor and delays its antiplatelet effects®. Iglesias
et al. conducted a randomized controlled study to
determine different effects of fentanyl compared to
morphine on platelet inhibition induced by ticagrelor
in patients with acute ST-elevation myocardial
infarction. The results showed that fentanyl did
not improve platelet inhibition two hours after the
administration of the loading dose of ticagrelor in
comparison with morphine. Nevertheless, fentanyl
may increase platelet inhibition at four hours
compared to morphine®?.

As morphine and its derivatives blunt the
antiplatelet effects of P2Y 12 receptor antagonists
along with a concern of opioid dependence,
midazolam monotherapy is another strategy for
procedural sedation. Black et al. reported that
midazolam alone can control pain as effectively as
combined therapy of midazolam and fentanyl®.
In addition, studies have supported the sole use
of midazolam®?¢2". Therefore, morphine and its
synthetic derivatives should be cautiously used,
especially in patients with high thrombotic risks such
as acute myocardial infarction.

The combined use of midazolam and fentanyl
may be utilized in some situations. In patients with
a history of chronic pain, better pain control can be
achieved using combined midazolam and fentanyl
compared with midazolam use alone®. Furthermore,
prolonged procedural time is associated with pain,
and in this scenario, the combined use of midazolam
and fentanyl may be beneficial®.

Limitation
First, this is a retrospective, non-randomized,
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observational study that could suffer from biases
despite propensity-score matching. The dosage
regimen of moderate sedation is individualized
based on the complexity of the procedure and patient
response to sedative medication. Additionally, the
assessment of patient-perceived pain is subjective,
and each patient may have different pain thresholds.
Moreover, the authors did not analyze the benefit
of moderate sedation in each regimen because of
the small sample size. Finally, the average doses of
sedative medication were low compared with those
in other studies, average doses of midazolam and
fentanyl were only 1 mg and 25 mcg, respectively.
The actual benefit of moderate sedation in pain
control and hemodynamic stability may be more
pronounced if a larger dose of a sedative was given.

Conclusion

Combined midazolam and fentanyl have
been used for moderate sedation during cardiac
catheterization. The present study demonstrated
that moderate sedation resulted in less incidence
of pain and better DBP stability during cardiac
catheterization. Further studies conducted in a larger,
randomized multicenter are required to better explore
the benefit of moderate sedation and proper regimen
during cardiac catheterization.

What is already known on this topic?

Moderate sedation results in reduction of pain
and improvement of patient tolerability during
cardiac catheterization. However, the effectiveness
of sedation is not well studied.

What does this study add?

This study demonstrated that moderate sedation
is associated with fewer episodes of pain with better
DBP stability during cardiac catheterization. This
could facilitate the procedure and improve patient
comfort.
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