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Heme Effects in Lowering Patient Discomfort in Radial 
Artery Verapamil Injection
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Abstract

Background: The primary objective of this study was to evaluate 
whether diluting verapamil with heme as compared to normal saline 
reduces patient discomfort during radial artery injection. Following 
radial artery access, verapamil is frequently administered to reduce 
the incidence of radial artery spasm. The injection of verapamil via 
the radial artery is associated with a temporary “burning” discomfort. 
It has been hypothesized that the dilution of verapamil with heme 
rather than saline leads to less patient discomfort during administra-
tion.

Methods: This prospective, single-center, randomized study enrolled 
patients undergoing coronary angiography via radial artery access 
between August 2017 and April 2018. Patients were randomized 1:1 
to receive either verapamil/heme or verapamil/saline administration. 
Patient discomfort was assessed at the time of injection, and 1-h post 
procedure.

Results: A total of 214 patients were enrolled in the study. Of these, 
103 patients were included in the verapamil/heme group and 100 in 
the verapamil/saline group. For the primary objectives, there were no 
statistically significant differences in patient discomfort at the time 
of verapamil injection (P = 0.15), or 1-h post injection (P = 0.48). 
However, in the verapamil/heme group, there was a trend towards a 
lower post-injection pain score (M = 2.83, standard deviation (SD) = 
3.18) compared to the verapamil/saline group (M = 3.48, SD = 3.01) 
(P = 0.15).

Conclusion: There was no significant difference in immediate or 1-h 
post-procedure patient discomfort with verapamil diluted with heme 
as compared to dilution with saline. While there was a trend towards 
lower immediate patient discomfort in the verapamil/heme group, 
larger studies are needed to further evaluate this trend.
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Introduction

The incidence of transradial access (TRA) for coronary angi-
ography continues to increase in the USA [1]. There are now 
several prospective trials and meta-analysis supporting the 
use of TRA in acute coronary syndrome (ACS) patients, and 
particularly in ST-segment myocardial infarction (STEMI) 
patients [2-4]. In 2015, the European Society of Cardiology 
updated guidelines regarding the management of patients with 
ACS, and ultimately recommended TRA (class 1, A) as the 
preferred method of access [5]. With increasing use of TRA as 
the primary access route for coronary angiography, also comes 
an increased focus on best practices associated with obtaining 
and utilizing TRA. One important aspect of utilizing TRA is 
the complication of radial artery spasm (RAS), which has a 
reported incidence of 7.5-20% [6-8]. To prevent RAS, a non-
dihydropyridine calcium channel blocker (CCB) known as 
verapamil is commonly injected or included in a “radial cock-
tail”. To date, this use of intra-arterial CCB has demonstrated a 
reduction in the incidence of RAS [8-11].

Although effective in reducing RAS, the arterial adminis-
tration of verapamil has been associated with a “burning sensa-
tion” and patient discomfort on injection. Furthermore, there 
is a hypothesis that diluting verapamil with the patient’s own 
blood (heme) results in less patient discomfort when compared 
to dilution with saline. While the practice of diluting verapamil 
with heme is anecdotally common, to the best of our knowl-
edge, the effects of verapamil dilution with heme have not pre-
viously been studied.

The aim of this randomized, single-center, prospective 
study was to compare the effects of verapamil dilution with 
heme versus saline on patient discomfort during radial artery 
injection.

Materials and Methods

Study design

This was a prospective, single-center, randomized, single-
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blinded study designed to compare the comfort-related effects 
of radial artery injection of heme diluted verapamil versus sa-
line diluted verapamil. The pH levels at the time of injection 
were not obtained during this study. A total of 214 patients 
were enrolled in the study between August 2017 and April 
2018. Patients were randomized in a 1:1 single-blinded fashion 
to either the verapamil/heme or verapamil/saline group. Pa-
tient discomfort was assessed both immediately after verapam-
il injection and 1-h post procedure. The presence and severity 
of access site arm discomfort was assessed by asking patients 
to rate ipsilateral arm discomfort using a 0-10 pain scale with 
0 meaning the patient experiencing no pain and 10 severe pain. 
The study was approved by the Institutional Review Board at 
the University of Tennessee Graduate School of Medicine, 
Knoxville, TN. The IRB number associated with this study is 
4287. This study was conducted in compliance with the ethical 
standards if the responsible institution on human subjects as 
well with the Helsinki Declaration.

Patient selection

All patients over the age of 18 years old presenting for coro-
nary angiography via radial artery access were eligible for en-
rollment. Exclusion criteria included patients under the age of 
18 years old, inability to obtain radial artery access, conversion 
from radial to alternate access, and patients with planned con-
comitant venous access. Patients who were unable to clearly 
answer the pain assessment questions, due to sedation, were 
also excluded from the final study analysis.

Endpoints

The primary endpoints of this study were patient discomfort 
immediately after verapamil injection and 1-h post procedure, 
as assessed on a standard 0-10 numeric pain scale. Secondary 
endpoints included the total amount of sedation required, inci-
dence of vasospasm, and the total procedure time.

Statistical analysis

Percentages and mean with standard deviation (SD) were used 
to describe the distribution of categorical and continuous vari-
ables with normal distribution, respectively. Mean with inter-
quartile range (IQR) were used to describe the distribution 
of continuous variables that were not normally distributed. 
Continuous variables were compared between the patients re-
ceiving heme diluted verapamil and saline diluted verapamil 
using two-independent samples t-tests or by Mann-Whitney 
U test, depending upon the meeting of statistical assump-
tions (normality and homogeneity of variance). Comparison 
of categorical variables was performed using the Pearson Chi-
squared test. Between-subjects comparisons were performed 
on the following baseline patient characteristics: age, sex, 
race, presence of coronary artery disease, peripheral vascular 
disease, chronic kidney disease, diabetes mellitus, hyperten-

sion, hyperlipidemia, tobacco use, and baseline medication 
use. Procedural variables including pre-procedural and total 
sedation, ultrasound use, number of sticks required for access, 
amount of lidocaine, amount of nitroglycerine use, and amount 
of verapamil used were also analyzed using between-subjects 
comparisons. Post hoc power analyses were performed in the 
instance that the primary outcomes did not achieve statistical 
significance. Statistical analyses were performed using SPSS 
Version 26 (Armonk, NY: IBM Corp.) All P-values are two-
sided, with P < 0.05 indicating statistically significant.

Results

During the study enrollment period, a total of 214 patients 
were enrolled in the present study between August 2017 and 
April 2018. Patients meeting inclusion criteria were rand-
omized 1:1 to either the verapamil/heme or verapamil/saline 
group. Two hundred three patients, including 103 patients in 
the verapamil/heme group and 100 patients in the verapamil/
saline group, were included in the final statistical analysis after 
exclusion criteria were applied. The primary outcome of the 
study was patient discomfort, assessed by numerical pain score 
rating (0-10) at the time of verapamil injection as well as 1-h 
post procedure.

The demographic and patient clinical characteristics be-
tween the verapamil/heme or verapamil/saline groups were 
well matched (Table 1) with mean age 65.05 vs. 64.68 (P = 
0.80), and 59.0% vs. 61.2% were male (P = 0.75). The major-
ity of patients included in the study were non-ACS patients, 
with 15.3% (n = 31) of patients meeting criteria for ACS. 
Of the patients with ACS, there were more ACS patients in 
the verapamil/heme group (n = 22, 21.4%), compared to the 
verapamil/saline group (n = 9, 9.0%). Both groups had simi-
lar use of medications, except CCB (13% in verapamil/saline 
group vs. 25% in the verapamil/heme group, P = 0.027) (Ta-
ble 2).

In terms of procedural characteristics (Tables 3 and 4), 
there was a low incidence of symptomatic RAS of 1.0%, with 
only one patient experiencing RAS in each group. There was 
higher total versed dose in the heme group compared to the 
saline group but not statistically significant (3.0 vs. 2.0 mg, 
P = 0.08). There was a higher mean dose of verapamil in 
the heme group compared to the saline group (2.61 vs. 2.34 
mg, P = 0.02) which was statistically significant (Fig. 1). The 
overall procedure time was slightly higher in the heme/ve-
rapamil group, but this was not statistically significant (P = 
0.53) (Fig. 2). There were no statistically significant differ-
ences for the remainder of the procedural variables between 
the two groups.

The primary endpoints of the study included patient dis-
comfort immediately post verapamil injection, and 1-h post 
procedure. There was no statistically significant difference be-
tween the two groups in the immediate pain score assessment 
(P = 0.15, post hoc power = 0.318) (Fig. 3) or 1-h post proce-
dure (P = 0.48, post hoc power = 0.148) (Fig. 4, Table 4). In 
the immediate pain score assessment, there was a lower overall 
pain score rating in the verapamil/heme group compared to the 
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Table 1.  Baseline Characteristics of Patients

Characteristics Saline + verapamil (n = 100) Heme + verapamil (n = 103) P-value
Age (years) 65.05 ± 10.68 64.68 ± 10.63 0.80
Male sex 59 (59.0%) 63 (61.2%) 0.75
Medical history
  Diabetes mellitus 36 (36.0%) 38 (36.9%) 0.90
  Hypertension 84 (84.0%) 79 (76.7%) 0.19
  Hyperlipidemia 76 (76.0%) 77 (74.8%) 0.84
  Current smoker 44 (44.0%) 38 (36.9%) 0.30
  Chronic systolic heart failure 19 (19.0%) 14 (13.6%) 0.30
  Coronary artery disease 37 (37.0%) 38 (36.9%) 0.99
  Peripheral vascular disease 7 (7.0%) 3 (2.9%) 0.21
  Chronic kidney disease 10 (10%) 13 (12.6%) 0.82
Clinical presentation
  STEMI 0 (0.0%) 1 (1.0%) 1.00
  NSTEMI 1 (1.0%) 3 (2.9%) 0.62
  UA 8 (8.0%) 18 (17.5%) 0.04
BMI (kg/m2) 29.87 (11.10) 31.05 (8.30) 0.50

Variables are expressed as no. (%) or mean ± standard deviation. P < 0.05 indicates statistically significant difference between the groups. STEMI: 
ST elevation myocardial infarction; NSTEMI: non-ST elevation myocardial infarction; UA: unstable angina; BMI: body mass index.

Table 2.  Chronic Medications by Patient Groups

Medications Saline + verapamil (n = 100) Heme + verapamil (n = 103) P-value
Aspirin 63 (63.0%) 57 (55.3%) 0.27
Clopidogrel 9 (9.0%) 10 (9.7%) 0.86
Prasugrel 2 (2.0%) 5 (4.9%) 0.45
Ticagrelor 2 (2.0%) 3 (2.9%) 1.00
Warfarin 10 (10.0%) 7 (6.8%) 0.41
Apixaban 5 (5.0%) 7 (6.8%) 0.59
Rivaroxaban 2 (2.0%) 4 (3.9%) 0.68
Endoxaban 1 (1.0%) 0 (0.0%) 0.49
Beta-blocker 61 (61.0%) 64 (62.1%) 0.87
CCB 13 (13.0%) 26 (25.2%) 0.027
ACEI/ARB 51 (51.0%) 49 (47.6%) 0.63
Statin 63 (63.0%) 65 (63.1%) 0.99

Variables are expressed as no. (%). P < 0.05 indicates statistically significant difference between the groups. CCB: calcium channel blocker; ACEI: 
angiotensin-converting-enzyme inhibitors; ARB: angiotensin II receptor blockers.

Table 3.  Procedural Data by Patient Groups

Variables Saline + verapamil (n = 100) Heme + verapamil (n = 103) P-value
Ultrasound used 12 (12.0%) 11 (10.7%) 0.77
PCI 12 (12.0%) 18 (17.5%) 0.27
Nitro (µg) 230.0 ± 87.5 217 ± 100 0.59
Verapamil (mL) 2.34 ± 0.83 2.61 ± 0.79 0.02
Lidocaine (mL) 1.4 ± 1.6 1.3 ± 1.43 0.58
Number of sticks 1.54 ± 1.007 1.71 ± 1.0 0.77

Variables are expressed as no. (%) or mean ± standard deviation. P < 0.05 indicates statistically significant difference between the groups. PCI: 
percutaneous coronary intervention.
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verapamil/saline group (M = 2.83, SD = 3.18 vs. M = 3.48, SD 
= 3.01, respectively) (Fig. 2).

Discussion

In this prospective, randomized, single-center study, we eval-
uated the effects of diluting verapamil with heme compared 

to saline on patient discomfort during radial artery injection. 
As stated, increasing use of TRA in the USA has also in-
creased focus on reducing access and catheterization asso-
ciated radial artery complications. RAS is one of the major 
concerns related to radial artery use and is reduced with intra-
arterial verapamil administration [8, 9, 12-14]. An associa-
tion between verapamil administration and arm discomfort 
has been anecdotally noted in the cardiovascular community; 

Table 4.  Comparison of Independent Groups on Primary and Secondary Endpoints

Outcomes Saline + verapamil (n = 100) Heme + verapamil (n = 103) P-value
Injection pain score 3.48 ± 3.01 2.83 ± 3.18 0.15
1-h pain score 0.80 ± 1.78 1.0 ± 2.31 0.48
Pre-versed (mg) 1.5 ± 1.2 2.4 ± 2.1 0.016
Pre-fentanyl (µg) 50.65 ± 50.0 53.23 ± 52.12 0.60
Pre-benadryl (mg) 33.25 ± 23.58 29.85 ± 24.52 0.32
Total versed (mg) 2.75 ± 2.38 3.0 ± 2.0 0.08
Total fentanyl (µg) 89.67 ± 55.31 93.45 ± 55.39 0.61
Total benadryl (mg) 33.81 ± 23.51 29 ± 24.56 0.15
Total procedure time (min) 21.5 ± 21.0 24.0 ± 20.0 0.53
Vasospasm 3 (3.0%) 0 (0.0%) 0.12
Hematoma 1 (1.0%) 1 (1.0%) 1.00

Variables are expressed as no. (%) or mean ± standard deviation. P < 0.05 indicates statistically significant difference between the groups.

Figure 1. Graphs of total sedation between the two groups.
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Figure 2. Graph of total procedure time between the two groups.

Figure 3. Injection pain score between the two groups.
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however, to the best of our knowledge, there are no rand-
omized studies evaluating this association or possible rem-
edies to it.

This study explored such associations. We did not ob-
serve any statistically significant differences, in patient dis-
comfort, between the verapamil/heme and verapamil/saline 
groups either immediately post injection or 1-h post proce-
dure. We did, however, observe a trend towards lower aver-
age pain scores immediately post injection in the verapamil/
heme group compared to the verapamil/saline group. The lack 
of statistical significance may potentially be due to the low 
sample size of this study. Two confounding variables identi-
fied in this study are a higher average dose of both versed 
and verapamil used in the heme group, which may have af-
fected the primary outcome of the study, although notably the 
differences were well below known clinically effective dose 
escalation protocols.

Conclusion

With increasing use of TRA, there is an increasing focus on 
improving best practices and reducing associated complica-
tions while maximizing patient satisfaction. Verapamil diluted 
with heme is a common practice among invasive cardiologists 

to lower discomfort in the ipsilateral arm. Our study did not 
find any significant difference in patient discomfort with injec-
tion of intra-arterial verapamil/heme compared to verapamil/
saline via the radial artery. Our data did suggest a trend to-
wards lower immediate post-injection patient discomfort when 
diluting verapamil with heme; however, larger studies are re-
quired to further evaluate whether this is truly a statistically 
significant effect on patient discomfort.
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Figure 4. One-hour pain score between the two groups.
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