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Abstract

Objectives

To evaluate how well patients with coronary stents accept combined coronary computed

tomography angiography (CTA) and myocardial CT perfusion (CTP) compared with con-

ventional coronary angiography (CCA).

Background

While combined CTA and CTP may improve diagnostic accuracy compared with CTA

alone, patient acceptance of CTA/CTP remains to be defined.

Methods

A total of 90 patients with coronary stents prospectively underwent CTA/CTP (both with con-

trast agent, CTP with adenosine) and CCA as part of the CARS-320 study. In this group, an

intraindividual comparison of patient acceptance of CTA, CTP, and CCA was performed.

Results

CTP was experienced to be significantly more painful than CTA (p<0.001) and was associ-

ated with a higher frequency of dyspnea (p<0.001). Comparison of CTA/CTP with CCA

revealed no significant differences in terms of pain (p = 0.141) and comfort (p = 0.377). Con-

cern before CTA/CTP and CCA and overall satisfaction were likewise not significantly differ-

ent (p = 0.097 and p = 0.123, respectively). Nevertheless, about two thirds (n = 60, 68%)
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preferred CTA/CTP to CCA (p<0.001). Moreover, patients felt less helpless during CTA/

CTP than during CCA (p = 0.026). Lack of invasiveness and absence of pain were the most

frequently mentioned advantages of CTA/CTP over CCA in our patient population.

Conclusions

CCA and combined CTA/CTP are equally well accepted by patients; however, more

patients prefer CTA/CTP. CTP was associated with more intense pain than CTA and more

frequently caused dyspnea than CTA alone.

Trial Registration

ClinicalTrials.gov NCT00967876

Introduction
Percutaneous coronary stent implantation is a widely used treatment option besides medical
treatment in patients with stable coronary heart disease [1]. Relevant complications of stenting
include coronary in-stent restenosis [2] and neoatherosclerosis [3]. In general, stress tests are
recommended to detect possible in-stent restenosis in symptomatic patients with coronary
stents. If the clinical presentation or the stress test points to in-stent stenosis, conventional cor-
onary angiography (CCA) is recommended [4]. While coronary computed tomography angi-
ography (CTA) is an established diagnostic procedure, along with CCA, for evaluating the
native coronary arteries [5], coronary stents often produce considerable artifacts that may limit
the diagnostic evaluability of stented segments [6, 7].

Some recent studies have investigated whether the diagnostic accuracy of cardiac CT can be
improved by combining CTA with myocardial CT perfusion (CTP) imaging [8–10]. Intrave-
nous contrast medium injection is required for both CTA and CTP. CTP additionally involves
pharmacologically induced stress, typically with administration of adenosine [11]. The techni-
cal feasibility of combined CTA/CTP has been established in earlier studies, while it is still
unclear how well this new cardiac CT test is accepted by patients. Patient acceptance is a rele-
vant clinical aspect to be considered when introducing a new diagnostic tool as patient integra-
tion in decision making has been shown to increase compliance and the clinical outcome [12].
We therefore assessed patients’ acceptance of CTA/CTP and CCA in an ancillary study of the
prospective intention-to-diagnose CARS-320 study [13].

Methods

Ethics statement
This clinical trial has been registered (www.clinicaltrials.gov; Study NCT00967876; August 27,
2009) and all patients gave written informed consent for the study. We performed the study
based on the Declaration of Helsinki and in accordance with the TREND guidelines [14] that
correspond to the CONSORT guidelines for randomized trials. The TREND checklist (S1
TREND Checklist) is attached as supporting material. The study protocol was approved by the
Charité IRB (EA1/133/08) and the Federal Office for Radiation Protection (BfS Z5-22462/2-
2008-057) and is available as supporting material (S1 Protocol). The authors confirm that all
ongoing and related trials for this intervention are registered.
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Study design
Here we present a subanalysis of patients’ perspectives from the intention-to-diagnose Coro-
nary Artery Stent Evaluation with 320-row CT study, the main diagnostic accuracy results of
which have been recently published and, due to that, are not part of this analysis [13] (CARS-
320). All patients underwent combined CTA and CTP with adenosine administration, followed
by CCA [13]. Patient enrolment was between April 2, 2009 and November 23, 2011. All
patients and stents were included in the CARS-320 study (the slight delay in trial registration is
due to administrative reasons; see www.clinicaltrials.gov for further details). Clinical follow-up
was performed 6 months, 12 months and 24 months after CT examination (last follow-up in
11/2013) without undergoing coronary CT or CCA. Patient acceptance of the examinations
was assessed by means of a validated questionnaire, comparing combined CTA/CTP versus
CCA that has already been published in PLoS ONE [15]. Moreover, CTA was compared with
CTP following adenosine provocation. Physicians performed the patient information about the
scheduled examinations and all patients gave written informed consent for the analysis of
patient acceptance.

Study population and CT protocol
Ninety patients with suspected in-stent restenosis and an indication for CCA [13] were
included and asked to complete a questionnaire on patient acceptance. Eighty-eight patients
answered all questions. Fig 1 shows the CONSORT Flow Diagram of this study. The inclusion
and exclusion criteria of the study, the CT protocol, and the clinical indications of each exami-
nation have been described in detail before [13]. In brief, the patients first underwent CTA, fol-
lowed by CTP with adenosine administration. The CT examinations were performed on a CT
scanner with a 320-row detector (Aquilion One, Toshiba, Tokio, Japan) [16]. In 62 patients
(82%) beta-blockers were administered orally 1h before CTA (atenolol, Tenormin, Astra-
Zeneca). An additional intravenous beta-blockade (esmolol, Brevibloc, Baxter) was performed
in 15 patients (17%). Contrast medium (Imeron 400, Bracco Imaging, Milano, Italy) was
injected into the right cubital vein using a standardized protocol. CTP with adenosine adminis-
tration was performed after an interval of at least 20 min. Adenosine (Adenosin Life Medical,
Carinopharm, Elze, Germany, 140μg/kg/min) was administered through the line in the left
antecubital vein using a perfusor system. Approximately 4.5 min after initiation of adenosine
administration, a second contrast bolus was administered and the scan was started.

Conventional Coronary Angiography
CCA was performed after CTA/CTP using the routine clinical protocol and angiographic pro-
jections were standardised [17]. The femoral artery was punctured after local anesthesia with
approx. 150–200 mg lidocaine (Lidoject, Hexal AG, Holzkirchen, Germany). A nonionic,
iodinated contrast agent (iobitridol, Xenetix 350, Guerbet, Villepinte, France) was used. Frac-
tional flow reserve (FFR) was measured in a total of 8 patients. Adenosine (140 μg/kg/min;
Adenosin Life Medical, Carinopharm GmbH, Gronau/Leine, Germany) was infused intra-arte-
rially via the cardiac catheter for 3 to 5 min, at the cardiologist’s discretion to identify culprit
lesions [18]. After the examination, a suture closure device was used in 66 cases (AngioSeal,
St. Jude Medical, Minnesota, USA; Starclose and Perclose, Abbott Laboratories, Illinois, USA),
and 4–6 h of bed rest were ordered. The compression bandage was removed after 2–3 h. In the
22 cases where manual compression was used, 12 h of bed rest were required, and the compres-
sion bandage was removed after 6 h.
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Questionnaire
The aim of the questionnaire and its structure (S1 File) were explained in detail to the patients
before the examinations took place to make sure that they would answer the questions

Fig 1. CONSORT Flow Diagram.

doi:10.1371/journal.pone.0136737.g001
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adequately. The information provided included a detailed explanation of the difference
between CTA and CTP. Twenty-four hours after the end of CCA, the patients completed the
questionnaire, describing how they felt before and during CTA/CTP and CCA and reporting
what they subjectively perceived to be relevant advantages and disadvantages of each test. The
questions were identical for CTA/CTP and CCA. Patients were asked to rate preparation for
the test and the information they were given, their comfort during the examination, and their
overall satisfaction with each test using a 5-point scale ranging from “very good” to “very
poor”. Using the same scale ranging from “no concern” to “very intense” patients rated their
degree of concern before the examination. The occurrence of undesired effects and the willing-
ness to undergo the examination again were reported using a nominal scale and questions to
be answered by “yes”, “no”, or “don’t know”. In addition, patients were asked which procedure
they preferred. Open-ended questions allowed patients to give reasons for their concern, to
report the complications they suffered, and to describe the pros and cons of the two proce-
dures. Subjective pain was rated using a nonmarked 100 mm horizontal visual analogue scale
[19]; in addition, patients were asked to mark in different colors the share of pain they attrib-
uted to CTA and CTP. A separate set of questions pertained to a direct comparison of CTA
and CTP with adenosine. Here, patients were asked to describe their concern, dyspnea, pain,
and willingness to undergo the test again. Concern was rated using the same 5-point scale as
described above. In addition, patients could give reasons for their concern, and rated subjective
pain on a VAS. Yes/no questions were used to ask about dyspnea and chest pain.

Statistical analysis
Unless otherwise stated, data are presented as mean ± standard deviation. Statistical signifi-
cance was assumed at p�0.05. Patient satisfaction with the different procedures was compared
using the signed-rank test. Patient preferences were analyzed using the chi-square or Fisher
exact test [15]. VAS-based subjective pain intensity ratings were analyzed using the Wilcoxon
test for paired samples. Subgroup analyses (e.g., patients with/without revascularization) were
performed using the Mann-Whitney U-test. Beforehand, normal distribution was refuted
using the Kolmogorov-Smirnov test. All statistical analyses were performed using SPSS version
20.0 (SPSS Inc.Chicago, IL, USA).

Results
According to the protocol of the CARS-320 study all patients received CTA followed by CTP,
which finally increased the per-patient diagnostic accuracy in the main diagnostic accuracy
analysis [13]. Afterwards each patient underwent the clinically indicated CCA as the reference
method independent of the results of CTA and CTP (intention-to-diagnose design of CARS-
320). For the present ancillary analysis 88 of the 90 patients (98% response rate) who under-
went CTA/CTP and CCA as part of CARS-320 answered all items of the patients`preference
questionnaire (S1 Table). The two patients who did not complete the questionnaire were a
65-year-old man (two coronary stents in the left anterior descending coronary artery, implan-
tation of two stents into the right coronary artery during study procedure) and a 71-year-old
man (one coronary stent in the left circumflex coronary artery, no stent implantation during
study procedure). None of these two patients had in-stent restenosis. The 88 patients who com-
pleted the questionnaires had a mean age of 64 years (Table 1), and there was a male-to-female
ratio of 4:1. Before inclusion into the study, the patients had an average number of 2.5 coronary
stents. CTA/CTP was performed on average 6 days after study inclusion, and 80% of the study
patients underwent CCA on the same day as CT (mean delay of 17h 35min; range, 77 min to
12 days 23h 42min). All patients first underwent CTA/CTP. The subsequent CCA was
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clinically indicated in all cases. 42 patients (48%) underwent percutaneous intervention during
the CCA, and a FFR was performed in 8 patients (9%).

Subjective pain intensity and undesired events
Twenty patients (23%) reported no pain with either procedure. Seventeen patients (19%)
reported subjective pain for only one procedure–five for CTA/CTP and 12 for CCA. Over half
of the patients reported pain for both procedures (n = 51, 58%). The averaged pain intensity
ratings of all 88 patients did not differ significantly between CTA/CTP (16±23) and CCA (20
±26) (p = 0.141; Fig 2A). One patient reported maximum pain for CCA during puncture and
while the introducer sheath was pulled out; another five patients also reported high pain inten-
sity at the puncture site in the groin (75 to 95 on the VAS, Fig 2B). For CTA/CTP, high pain
intensity (75 to 80 on the VAS) was reported by five patients (uncomfortable position and
cold: n = 3; adenosine-related chest pain: n = 2). CTA was experienced to cause markedly less
intense pain (4±9) than CTP (12±18; p<0.001). Chest pain was more common during CTP
than during CTA (n = 22; 25% versus n = 4; 5%; p<0.001).

Table 1. Characteristics of the 88 Included PatientsWho Completed the Analysis.

Feature

Age 63.9 ±9.9 years

Sex Female 17 (19%)

Male 71 (81%)

Abdominal circumference 101.3 ±10.2 cm

Height 172.2 ±7.8 cm

Weight 82.1 ±12.2 kg

BMI 27.7 ±3.9

Systolic blood pressure 128.7 ±16.0 mmHg

Diastolic blood pressure 79.7 ±8.3 mmHg

Cardiac insufficiency *1 I 9 (10%)

II 58 (66%)

III 19 (22%)

IIII 2 (2%)

Myocardial infarction *2 40 (45%)

Number of stents per patient 2.5 ±1.8

Cardiac pacemaker 1 (1%)

ICD 3 (3%)

Hypertension 73 (83%)

Hyperlipidemia 74 (84%)

Smoking 17 (19%)

Diabetes mellitus 23 (26%)

Interval between enrolment and CT *3 0,1,1,1,42 days

Interval between CT and CCA *3 0,0,0,0,12 days

Values are given as arithmetic mean ± standard deviation (SD) or number of patients (%)

*1 New York Heart Association (NYHA) Functional Classification

*2 Myocardial infarction dated back more than 48 hours

*3 Minimum, first quartile, median, third quartile, maximum

The study patients had a mean age of approx. 64 years with a ratio of women (n = 17) to men (n = 71) of approximately 1:4. Patients were preobese, with

a mean BMI of 27.7, and 7 patients (8%) had no symptoms of angina pectoris.

doi:10.1371/journal.pone.0136737.t001
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Patient acceptance
Most patients rated the preparation and information prior to the two diagnostic tests as,
good”or, very good”(CTA/CTP 92% and CCA 91%; Table 2). There was no significant differ-
ence in patient satisfaction with preprocedural preparation between the two tests (p = 0.186).
The majority of patients reported no or little concern (CTA/CTP 58% and CCA 53%); again,
the difference between CTA/CTP and CCA was not significant (p = 0.097). Six patients stated
that they were very concerned prior to the CT examination. Three patients stated they feared
possible complications associated with adenosine administration (n = 3). One patient each was
concerned because the test was unknown, involved radiation exposure, or because of fear of the
diagnosis. Before CCA, 20 patients experienced, intense”(n = 17) or, very intense”(n = 3) con-
cern with most patients giving fear of the risks of an invasive procedure as the reason (n = 8).
Other reasons were fear of pain (n = 4) and uncertainty (n = 4). Yet other patients were con-
cerned because they feared the diagnosis (n = 3) or the long time of bedrest after CCA (n = 1).

Patients were more concerned about CTP than about CTA (p<0.001). Two patients were
concerned because they feared the effects of adenosine administration (n = 2). Fear of an
unknown procedure was given as a cause of concern before both CTA and CTP (n = 1 each).
Dyspnea was clearly more common during CTP than during CTA (n = 18 or 20% versus n = 2
or 2%; p<0.001).

Table 2. Patient Acceptance of CTA/CTP and CCA

CTA/CTP CCA P

Patient preparation 1.5 ± 0.6 1.6 ± 0.7 0.186

Concern 2.1 ± 1.0 2.4 ± 1.2 0.097

Comfort 1.8 ± 0.8 1.8 ± 0.8 0.377

Helplessness 1.5 ± 0.8 1.8 ± 0.9 0.026 *

Overall satisfaction 1.6 ± 0.6 1.8 ± 0.7 0.123

Values are given as arithmetic mean ± SD.

The scale used for preparation and information prior to the test comfort, and overall satisfaction was:

1 = very good, 2 = good, 3 = moderate, 4 = poor, 5 = very poor. Concern was rated as: 1 = no concern,

2 = little, 3 = moderate, 4 = intense, 5 = very intense. Helplessness was rated as: 1 = no helplessness,

2 = little, 3 = moderate, 4 = intense, 5 = very intense.

The ratings for patient preparation, concern, comfort, and overall satisfaction were comparable for CTA/

CTP and CCA. Only the ratings for helplessness were significantly different between the two tests; here

patients felt significantly less helpless during CTA/CTP than during CCA (* using sign test).

doi:10.1371/journal.pone.0136737.t002

Fig 2. Pain intensity. Boxplot of pain intensities patients reported for CTA/CTP and CCA on the horizontal
visual analogue scale (0–100mm) and corresponding intraindividual comparison between the 68 patients
who experienced pain during at least one examination; n = 36 pain CCA> CTA/CTP; n = 24 pain CTA/CTP>
CCA; n = 8 pain CTA/CTP = CCA; p = 0.121 using the chi-square test.

doi:10.1371/journal.pone.0136737.g002
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Comfort during the examinations was rated to be, very good”or, good”(86% CTA/CTP;
91% CCA; P = NS; Table 2). No patient considered comfort during CTA/CTP to be “very
poor”, whereas one patient experienced comfort during CCA to be “very poor”. The reasons
given were invasiveness of the test, the long time of bedrest after the procedure, and the
unpleasantness of the compression bandage.

Patient preference and future examinations
The majority of patients preferred combined CTA/CTP to CCA (Fig 3; p<0.001). The prefer-
ence for CTA/CTP was significantly higher among the 47 patients who did not have to undergo
subsequent coronary revascularization (75%; 35 of 47 patients) than among the patients with
subsequent revascularization (61% or 25 of 41; p = 0.002). Most patients were willing to
undergo CTA/CTP (71 patients; 81%) and CCA again (75 patients; 85%). There was no differ-
ence between the two tests (p = 0.664). Twelve patients each (14%) stated that they did not
know whether they would undergo the test again. Very few patients stated that they would not
undergo another CTA/CTP (n = 5; 6%) or CCA (n = 1; 1%) examination.

Open-ended questions
The most common advantage of CTA/CTP mentioned by the patients was the absence of inva-
siveness with avoidance of the possible risks associated with an invasive procedure. This advan-
tage was mentioned by nearly one third of the responding patients (32%, n = 18; Table 3). One
quarter of patients mentioned painlessness, and approx. one fifth of patients each appreciated
the avoidance of long bedrest after the test and the rapidity of the test compared with CCA.
The most common disadvantage, mentioned by 41% of the patients (n = 18), was the inability
to perform interventional measures during the test. Several patients mentioned an uncomfort-
able position and radiation exposure as negative aspects of CTA/CTP. In the evaluation of
CCA, more than two thirds of patients (68%, n = 32) appreciated the option of performing an
interventional procedure when a coronary stenosis is detected as an advantage. This was the
most common advantage mentioned, followed by high diagnostic accuracy of the test from the

Fig 3. Patient preference. Patient preferences for the different tests; significant preference for CTA/CTP by
using the chi-square test.

doi:10.1371/journal.pone.0136737.g003
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patient’s perspective. The most common disadvantage of CCA, mentioned by nearly half of the
patients (48%, n = 23), was the bedrest. Invasiveness was mentioned as a negative aspect by
nearly one third of patients (31%, n = 15). The need for a compression bandage after the test
and the occurrence of hematomas were mentioned as other unpleasant aspects of CCA.

Subgroup analysis
The results of subgroup analysis are summarized in Table 4. Whether or not revascularization
was performed during CCA had no significant effect on the comfort ratings, helplessness expe-
rienced during the procedure, or overall satisfaction with CCA. There was also no difference in
pain intensities reported by patients with and without adenosine-induced FFR assessment dur-
ing CCA. Use of the AngioSeal closure system after CCA was not associated with more intense
pain than manual compression. Women rated preparation for the examinations as “very good”
or “good” in 88% of cases for CTA/CTP and 94% for CCA versus 93% and 90% of men,

Table 3. Advantages and Disadvantages of CTA/CTP and CCA Reported by Patients.

CTA/CTP CCA

Advantage Noninvasiveness 18; 32% Option to perform intervention 32; 68%

Painlessness 14; 25% Diagnostic accuracy 11; 23%

No bedrest after CT scan 12; 21% Short duration 5; 11%

Short duration 11; 19% Physician contact throughout the test 4; 9%

Diagnostic accuracy 9; 16% Painlessness 3; 6%

Absence of risks 8; 14% Little discomfort 1; 2%

Outpatient procedure 5; 9%

Assessment of other organs 2; 4%

Little physical distress 2; 4%

No need for compression bandage 2; 4%

Repeatability 1; 2%

Inexpensiveness 1; 2%

n = 85, given by 55 patients n = 56, given by 46 patients

Disadvantage No treatment possible 18; 41% Bedrest after the procedure 23; 48%

Uncomfortable position/little space 9; 20% Risks of an invasive test 15; 31%

Radiation exposure 7; 16% Pressure bandage 11; 23%

Contrast medium administration 6; 14% Hematoma 6; 13%

Chest pain, dyspnea after adenosine administration 4; 9% Pain 5; 10%

Limited diagnostic accuracy 3; 7% Hospitalization 5; 10%

Long duration of analysis before results are available 1; 2% Contrast medium administration 3; 6%

Helplessness 1; 2%

Little comfort 1; 2%

Doubt about diagnostic accuracy 1; 2%

n = 48, given by 38 patients n = 71, given by 46 patients

Values are given as numbers of patients and percentages

The most common advantages of CTA/CTP mentioned by patients were noninvasiveness, absence of pain, and the fact that there was no need for

bedrest after the test. The major disadvantages were that it was not possible to perform interventional procedures during the test and the uncomfortable

position. Advantages patients attributed to CCA were the possibility of directly performing interventional measures and the diagnostic accuracy. Frequently

mentioned disadvantages of CCA were the risks associated with the procedure, the long bedrest after the procedure, and the need for a compression

bandage.

doi:10.1371/journal.pone.0136737.t003
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respectively. No pain during both tests was reported by nearly the same proportions of women
and men (53% versus 66%). Mean pain intensity reported for CTA/CTP was not significantly
different between women and men. There were also no significant differences with regard to
the mean pain intensity experienced during CCA. Overall satisfaction was good and compara-
ble between women and men for CTA/CTP. However, with regard to CCA, overall satisfaction
was significantly higher among women (p = 0.002) than among men. CTA/CTP was the proce-
dure of first choice for 59% of women and 70% of men (p = 0.321).

Discussion
The present study for the first time analyzes patient acceptance of combined CTA/CTP with
adenosine administration in comparison to CCA. In our study population of patients with
known coronary heart disease and prior stent implantation, CTA/CTP is preferred over CCA.
While most single tests were without statistical significant differences, combined CTA/CTP
showed slightly higher overall satisfaction, whereas pain intensity values, the degree of concern
and helplessness were slightly decreased as compared to CCA. In addition, the freetext analysis
may show further reasons for the clear preference of CTA/CTP to CCA: the absence of risks
was the most frequently mentioned advantage of CTA/CTP, while the long bedrest time associ-
ated with the invasive procedure was the most common disadvantage of the CCA. It is note-
worthy that, while the pain experienced during CTA/CTP tended to be less intense, the
difference in overall pain was not significantly different between the noninvasive and the inva-
sive test. A closer analysis revealed that intense pain during CT was mainly attributed to myo-
cardial CTP with adenosine administration.

Table 4. Subgroup Analyses.

1. No revascularization Revascularization p

CCA comfort 1.8 (0.6) 1.9 (0.9) 0.795

CCA helplessness 1.7 (0.9) 1.8 (1.0) 0.946

CCA overall satisfaction 1.7 (0.6) 1.8 (0.9) 0.879

2. With FFR Without FFR p

CCA pain 17.0 (15.4) 20.2 (26.6) 0.592

3. Suture closure system Manual compression p

CCA pain 19.2 (26.3) 22.1 (24.3) 0.549

4. Women Men p

CTA/CTP preparation 1.4 (0.7) 1.6 (0.6) 0.212

CCA preparation 1.4 (0.6) 1.7 (0.7) 0.090

CTA/CTP pain 18.4 (29.4) 15.0 (21.4) 0.558

CCA pain 16.2 (25.7) 20.8 (25.8) 0.271

CTA/CTP overall satisfaction 1.4 (0.6) 1.7 (0.6) 0.117

CCA overall satisfaction 1.3 (0.5) 1.9 (0.8) 0.002

Values are given as arithmetic mean ± standard deviation (SD) or number of patients (%).The scale used for preparation and information prior to the test

comfort, and overall satisfaction was: 1 = very good, 2 = good, 3 = moderate, 4 = poor, 5 = very poor. Helplessness was rated as: 1 = no helplessness,

2 = little, 3 = moderate, 4 = intense, 5 = very intense. Pain intensity was assessed on an unmarked 100-mm visual analogue scale. Preferences were

given by selecting one of three possible answers: CTA/CTP, CCA, or both equivalent. A total of four subgroup analyses were performed: 1) patients with

revascularization versus patients without revascularization during CCA (n = 42 versus n = 46); 2) patients with FFR versus patients without FFR during

CCA (n = 8 versus n = 80); 3) patients with suture closure system versus patients with manual compression after CCA (n = 66 versus n = 22); and 4)

women versus men (n = 17 versus n = 71). The other subgroup analyses revealed no significant differences

doi:10.1371/journal.pone.0136737.t004
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Comparison with other studies
The coronary CTA shows a high diagnostic accuracy in the detection of significant coronary
stenoses [20, 21]. In patients with acute coronary syndrome and a low to intermediate likeli-
hood, CTA is a safe and effacious alternative to the CCA [22], showing the potential for addi-
tional diagnostic testing [23]. Beside the diagnostic accuracy, CT may improve the cost-
effectiveness in comparison to CCA in patients with an intermediate risk [23, 24]. Thus, CTA
may represent an alternative first-step-diagnostic tool, if the necessity of coronary stenting is
not likely [23].

The advent of new generations of CT scanners has provided the technical basis for achieving
higher temporal resolution or wider detector coverage for myocardial perfusion imaging [25,
26]. Especially in patients with known CAD coronary stents may decrease the diagnostic evalu-
ability. Combined CTA and CTP with administration of adenosine may improve the diagnostic
accuracy compared with CTA alone [13, 27–29]. As a result, CTA/CTP has emerged as a new
imaging test besides single-photon emission computed tomography, cardiac magnetic reso-
nance imaging, and positron emission tomography [30–32]. An advantage is that myocardial
CTP and coronary CTA can be combined and performed in a single session [13, 33–36]. Aden-
osine has a good safety profile and is widely used for myocardial stress perfusion imaging [37].
In our study, we administered adenosine at a standard dose of 140μg/kg body weight/min over
a total of approximately 5 min. Our results are in agreement with an earlier study showing that
patients with symptoms of acute coronary syndrome prefer a noninvasive cardiac stress test
such as myocardial scintigraphy with drug-induced stress to an invasive procedure [38].

It is noteworthy that the pain intensity reported by our patients was similar for CTA/CTP
and CCA. An earlier intraindividual comparison between coronary CTA with CCA and coro-
nary MRA reported less pain and higher comfort for the CT examination without use of adeno-
sine [15]. In agreement with these insights, another study showed coronary CTA to be
associated with less pain than CCA [39]. In contrast, our study for the first time shows that
patients with coronary stents experience increased pain intensity when undergoing combined
CTA and CTP with adenosine administration and that the pain intensity was comparable to
that of CCA. The patients attributed relevant complaints mainly to the CTP part of the CT
examination. In agreement with the study of Sandgaard et al. [39], pain during CCA was con-
sistently located at the puncture site with possible hematoma occurring at the access site giving
rise to additional complaints. Interestingly, as with the study of Sandgaard et al. [39], the
majority of our patients, who already had coronary stents, gave CT as the procedure of first
choice (85% vs. 68% in our study) although this included CTP. Most studies of noninvasive
cardiac imaging investigate diagnostic accuracy, and only a few studies are including the
patient`s perspective when assessing new diagnostic tests. The patient’s perspective is pivotal
in view of the increasingly wider use of noninvasive cardiac CT and was the focus of this suba-
nalysis of the CARS-320 study.

Limitations
This study compared combined CTA/CTP with adenosine administration and clinically indi-
cated CCA, which, in the majority of patients, was performed without adenosine administra-
tion (80 of 88). Only eight of the study patients underwent clinically indicated CCA with
measurement of FFR after adenosine administration. While more recent studies compared
CTP and FFR [33, 40], they only did so in terms of diagnostic accuracy and did not assess
patient acceptance of the two procedures. In general, the doctors`information prior to the
examinations may influence the subjective feelings of the patients. In addition, the level of edu-
cation might be important. We investigated a relatively small number of patients (n = 90) with
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a 4:1 ratio of men to women, which limits our data with regard to sex-related differences [41].
On the other hand, our response rate (98%) indicates that our analysis is representative.
Because of the rather small patient cohort an intraindividual comparison was performed
instead of a randomized trial. This intraindividual comparison however, offers the advantage
to evaluate differences between tests in each individual and not only between groups which
may differ in characteristics. We evaluated patient acceptance using a validated questionnaire
also including open-ended questions that, in general, are subjective and may produce bias. On
that account, we performed a descriptive evaluation instead of a statistical analysis for open-
ended questions. Moreover, the patients included in our study had at least one CCA before
study enrolment and hence already knew this procedure. The earlier experience with CCA
might have influenced patient acceptance. All patients underwent the tests in the same order:
first CTA/CTP and afterwards CCA. In most patients CT and CCA were performed at the
same day which increased the amount of contrast agent and radiation exposure compared to
one diagnostic test alone. During the follow-up after 24h and 48h three patients showed creati-
nine increase of>25%, but in all patients creatinine normalized during further follow-up [13].
See the main study for further details regarding the patients`renal function and the radiation
exposure. In addition, the order of the examinations could have introduced a bias for patient
satisfaction, but was fixed due to the protocol of our intention-to-diagnose CARS-320 study
and could not be changed for the purpose of this secondary analysis because it would have
biased the published diagnostic accuracy analysis [13]. Additionally, femoral access was used
in all patients during the CCA (initiation of the study 2008), as this was the standard technique
in our institution at this time, comparable to the United States which predominantly used a
transfemoral approach as described until the year 2011 [42]. Recently, the transradial access
for CCA became of more interest, as it showed less local vascular complications at the entry
site [43], but the utilization of a transradial approach still varies strongly among countries [44].
According to the study protocol, only patients who already had coronary stents were included.
The acceptance of the two tests under investigation by patients without coronary stents should
be investigated in further studies.

Conclusions
In summary, while patients with coronary stents experienced pain intensity of combined CTA/
CTP to be similar to that of invasive CCA, they preferred the noninvasive combined CTA/CTP
examination over CCA.
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