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Abstract

Background: Patients’ informed consent is legally essential before elective invasive cardiac angiography (CA) and successive
intervention can be done. It is unknown to what extent patients can remember previous detailed information given by a
specially trained doctor in an optimal scenario as compared to standard care.

Methodology/Principal Findings: In this prospective cohort study 150 consecutive in-patients and 50 out-patients were
included before elective CA was initiated. The informed consent was provided and documented in in-patients by trained and
instructed physicians the day before CA. In contrast, out-patients received standard information by different not trained
physicians, who did not know about this investigation. All patients had to sign a form stating that enough information had
been given and all questions had been answered sufficiently. One hour before CA an assessment of the patients’ knowledge
about CA was performed using a standard point-by-point questionnaire by another independent physician. The supplied
information was composed of 12 potential complications, 3 general, 4 periprocedural and 4 procedural aspects. 95% of the
patients felt that they had been well and sufficiently informed. Less than half of the potential complications could be
remembered by the patients and more patients could remember less serious than life-threatening complications (27.968.8%
vs. 47.1611.0%; p,0.001). Even obvious complications like local bleeding could not be remembered by 35% of in-patients and
36% of out-patients (p = 0.87). Surprisingly, there were only a few knowledge differences between in- and out-patients.

Conclusions: The knowledge about CA of patients is vague when they give their informed consent. Even structured
information given by a specially trained physician did not increase this knowledge.
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Introduction

Today’s medical postulate is that a person gives informed consent

for a diagnostic or therapeutic intervention only if she or he is

competent to act, receives a thorough disclosure about the procedure,

comprehends information given and acts voluntarily [1]. While most

elements of this universal definition can be controlled by the physician,

the quantity and quality of information the patient receives is difficult

to assess. Several studies suggest that the components of information

are often not successfully communicated owing to poor disclosure on

the part of the physician or a lack of patient understanding [2–5].

To reform the quality of communication strategies with

modified consent forms containing graphics, improved readability,

processability, extended discussions, teaching aids, and using video

and computer technology have been explored [6–10]. In fact, the

quality of informed consent is regularly discussed at law courts

when undesirable side-effects of medical interventions occur.

While physicians try to substantiate the obtained written informed

consent by documentation, patients often argue that they have not

at all or not sufficiently been informed. Informed consent is more

than a legal document, its main aims are to respect and promote

patients’ autonomy and protect them from potential harm. It is

important that the patient understand the diagnosis, indication

and purpose of the intervention, prognosis, nature, alternatives,

risks, and benefits [11].

Invasive cardiac catheterization and invasive coronary angiography

(CA) are the gold standards to diagnose relevant coronary artery

disease [12,13]. For elective catheterization, patients with stable angina

pectoris give their written informed consent usually the day before the

procedure. In Germany a commercial standard patient information

form with graphical illustrations in the course of a 10 – 20 minute

conversation is usually used by most physicians to inform the patient.

The goal of the present study was to find out possible knowledge

differences between optimally informed in-patients and regularly

informed out-patients immediately before CA was to be

performed.

Methods

Ethics Statement
The study complies with the Declaration of Helsinki, the local

ethics committee has approved the research protocol.

Subjects
Consecutive patients with stable angina pectoris who were

referred to the Cardiology Department of the University Hospital
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of Cologne for cardiac catheterization were included. Inpatients

were admitted the day before the procedure and discharged the

day thereafter. Outpatients were admitted on the procedural day

and discharged the same or next day. 200 consecutive patients

were included; there were no specific exclusion criteria (Figure 1).

Patients’ education was graded in low (no graduation or less than 9

school-years), middle (high school) and high (college, university).

Obtaining the informed consent and assessment of
knowledge

An advisory board determined the information patients should

receive before giving their informed consent. The advisory board

recommended that the introductory conversation had to take at

least 10 minutes and contain at least the predefined information,

which were composed of general information and three topics:

pre- and post-procedural rules (fasting 12 hours before CA,

immobilization in bed for 12 hours after CA, compression of the

groin with a sand bag for 4 hours after CA), information about the

catheterization itself (performing CA through femoral artery, use

of contrast medium, performing percutaneous intervention (PCI)

with either balloon dilatation and/or stenting) and a list of 12

potential complications (trauma of the arteries-venes-nerves,

infection, bleeding, allergic reaction, shock, thrombosis, embolism,

stroke, myocardial infarction, rescue surgical interventions,

cardiopulmonary resuscitation, death (Table 1)). Accordingly, the

physicians were trained to optimize their conversation before the

first in-hospital patient was included. Doctors were instructed to

mention all of the predefined important information.

The introductory conversation of out-patients was obtained by

non-trained general practitioners or external cardiologists. The

informing doctors were completely blinded and did not know

anything about the present investigation.

From in-hospital patients the informed consent was obtained

until 9 p.m. the day before CA. Outpatients gave their informed

consent at least 5 days before the procedure. Both, patients and

informing physicians signed the documentation chart.

The knowledge of the patients was measured about 1 hour

before CA by an independent physician who had not taken part in

the information procedure. A standard point-by-point question-

naire was used without the insight of the patient (Table 1).

Statistical Analysis
Continuous variables are expressed as means 6 standard

deviation. Comparison of 2 means was performed with the t test

for normally distributed variables and the Mann-Whitney U test

for non-Gaussian variables. All statistical tests were 2-tailed, and

p,0.05 was considered statistically significant.

Results

Baseline and general characteristics
A total of two-hundred patients underwent elective coronary

angiography (CA). The mean age of all participants was

64.4612.2 years, out-patients were slightly younger than in-

patients (63.269.7 years versus 64.8613.0 years; p = 0.43). 118

patients (59%) were men (Table 2). In more in-patients CA had

been previously performed than in out-patients (57% vs. 38%;

p = 0.03). The education and annual income were similar in in-

and out-patients (Table 2). More in-patients than out-patients had

a known coronary artery disease (56.7% vs. 38.0%; p = 0.03). The

complete baseline characteristics are listet in table 2.

During reassessment 2 patients (1%; 1 in-patient, 1 out-patient;

p = 0.44) argued that they had not been informed at all about the

procedure (Table 2). 95% of the patients (95% in-patiens, 94%

out-patients, p = 1.00) found the quality of the given information to

be sufficient, 5% had expected more details. Most of the patients

(95%, 94% in-patients, 96% out-patients; p = 0.73) felt that they

had enough time and ample opportunity to ask questions.

Figure 1. Study flow-chart.
doi:10.1371/journal.pone.0015164.g001
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Knowledge about periprocedural behavior
Four facts assessed the knowledge of periprocedural rules:

patients were not allowed to eat or drink for 12 hours before the

procedure (fasting), they should lie supine for 12 hours after the

procedure (immobilization), they should use a sand bag for

compression of the groin at least for 4 hours after CA and take

aspirin and a loading dose of clopidogrel before CA (Table 3).

129 in-patients (86%) and 49 out-patient (98%) did know that

they should fast before CA (p = 0.018). More in-patients (n = 135;

90%) than out-patients (n = 38; 76%) remembered that they had to

be immobilized after CA (p = 0.017). The need for arterial

compression with a sand bag after CA was known by 168 (84%)

of all patients (128 (85%) of in-patients vs. 40 (80%) of out-patients;

p = 0.38). Only 104 patients (52%) knew the indication for aspirin

and clopidogrel: 89 in-patients (59%) vs. 15 out-patients (30%;

p = 0.001).

Knowledge about CA procedure
The knowledge about CA was assessed by four facts: access via

femoral artery, the use of contrast medium and X-radiation during

examination and the feasibility for PCI.

That CA would be performed via femoral artery was known by 193

patients (97%), 147 in-patients (98%) and 46 out-patients (92%; p =0.07).

The necessity of contrast medium use was known by 188 patients (94%),

142 in-patients (95%) and 46 out-patients (92%; p =0.50).

Only 120 patients (60%) did know that X-radiation will be used

for fluoroscopy: 84 in-patients (56%) vs. 36 out-patients (72%;

p = 0.048). The possibility of PCI with angioplasty and stenting

was known by 169 patients (85%), 124 in-patients (83%) vs. 45

out-patients (90%; p = 0.38).

Knowledge about potential complications
Potential complications were divided in two categories: possibly

serious complications (trauma of vessels or nerves, bleeding,

infection, allergic reaction, thrombosis and embolism) and life-

threatening complications (myocardial infarction, shock, cerebral

insult, emergency operation, cardiopulmonary resuscitation and

death). The frequency of recalling possibly serious complications

and/or life threatening complications were statistically not

different in in-patients vs. outpatients (Figure 2). Overall more

patients could remember less serious than life-threatening

complications (47.1611.0% vs.27.968.8%; p,0.001).

Table 1. Facts listed in the standard questionnaire for assessment of the patients’ knowledge.

General Information

G1 Did the patient get any information about the procedure?

G2 Did the patient feel to be well informed?

G3 Did the patient have the option to ask questions?

Periprocedural rules

Peri1 Is the patient informed for fast for 12 hours before the procedure?

Peri2 Is the patient informed about postprocedural immobilization for 12 hours?

Peri3 Is the patient informed about the necessity of groin compression with a sand bag after the procedure?

Peri4 Is the patients informed why aspirin and clopidogrel are administered before catheterization?

Procedure

Pro1 Is the patient informed about femoral artery access?

Pro2 Is the patient informed about the use of contrast medium?

Pro3 Is the patient informed about the necessity of fluoroscopy?

Pro4
Pro4a
Pro4b
Pro4c

Is the patient informed about facultative percutaneous interventions?
Angioplasty
Stenting
Angioplasty+Stenting

Potential Complications

C1 Trauma of the arteries, venes and nerves

C2 Bleeding

C3 Infection

C4 Allergic reaction

C5 Thrombosis

C6 Embolism

C7* Myocardial infarction

C8* Shock

C9* Cerebral insult

C10* Emergency operation

C11* Cardiopulmonary resuscitation

C12* Death

Asterisk marks serious complications.
doi:10.1371/journal.pone.0015164.t001
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Discussion

In the present study we simulated an optimal life scenario, in

which patients undergoing CA gave their informed consent after a

structured informing conversation with a trained physician. The

comparative group was composed of out-patients who had been

informed several days earlier and not systematically. Patients were

consecutively included in this study without exclusion of any

patient. This investigation should reflect real life irrespective of

patients’ individual characteristics like education or occupation.

We had expected that a structural assessment of the patients’

knowledge would reveal that in-patients could reproduce more

facts than out-patients. Surprisingly, only a few differences in

knowledge were observed concerning the general, peri- and

procedural information between the two groups. Actually,

significantly more out-patients than in-patients remembered that

they had to fast before the procedure and that fluoroscopy would

be used during CA.

Complications were remembered rather infrequently. Interest-

ingly, less serious complications were better remembered than life-

threatening serious ones. Even obvious complications like bleeding

or puncture related trauma was known by less than 50% of the

patients. Considering that half of the patients had undergone

previous CA, the reported lack of knowledge is alarming. 2

patients (1%) even affirmed that they had not been informed at all.

Patients’ informed consent is essential ethically and legally

before physicians are allowed to act [14]. It is a challenge,

especially in court for doctors to prove retrospectively what they

told the patients. In some cases the provided information might be

insufficient and incomplete, but we see even in what we consider

an optimal setting that a high percentage of the patients do not

remember fundamental and essential facts they were certainly told

one day before CA, although 95% of them had felt to be

sufficiently informed and had the opportunity to ask further

questions. Out-patients were informed by several and different not

specially trained physicians. However their knowledge was not

inferior compared to in-patients.

We are not able to explain these observations. A recent meta-

analysis of surgical patients confirms that patients are often not

able to understand the provided information and recall these later

[15]. We can only speculate, whether the provided facts are too

technical or too special and reflect the modern high-tech medicine

or whether patients trust physicians and their good work so much

that they do not see the necessity to remember any possible

adverse events.

Another question to address is the potentially reduced mental

capacity of patients undergoing a complicated procedure. That

Alzheimer’s disease, other dementia and some psychiatric

disorders may limit the mental capacity of patients is understand-

able [16–20]. There were no patients with these diagnoses in our

cohort. The relevance of several medical disorders like infections,

cancer or coronary artery disease is not clear and controversially

discussed [21–24]. The observation that less serious complications

were better remembered than serious ones highlight that is not

only a matter of mental capacity why patients forget what we

consider very relevant information.

There are currently no formal practice guidelines from

professional societies for the assessment of the capacity of patients

to consent to treatment [14]. We see a large area of uncertainty

how to handle this daily problem. A major evolution in the field of

medicine over the past decades was the transition from a

paternalistic way of approaching patients to a shared decision-

making process. We should constantly be aware of the fact that

many of our patients inspite of what we believe was good and

Table 2. Baseline characteristics of in- and out-patients.

All
N = 200

In-patients
N = 150

Out-
patients
N = 50 p

Men/women (%) 119/81 (60/40) 93/57 (62/38) 26/24 (52/48) 0.25

Age 64.4612.2 64.8613.0 63.269.7 0.43

Education (%)
Low
Middle
High

51 (25.5)
115 (57.5)
34 (17.0)

41 (27.3)
86 (57.3)
23 (15.3)

10 (20.0)
29 (58)
11 (22)

0.20
0.50
0.12

Annual income
,30 000 J

30 000 – 60 000 J

.60 000 J

31 (15.5)
119 (59.5)
50 (25.0)

24 (16.0)
92 (61.3)
34 (22.7)

7 (14.0)
27 (54.0)
16 (32.0)

0.47
0.23
0.13

Medical history
Hypertension
Diabetes mellitus
Coronary artery disease
Congestive heart failure
Peripheral artery disease

127 (63.5)
31 (15.5)
104 (52)
25 (12.5)
10 (5.0)

90 (60.0)
21 (14.0)
85 (56.7)
20 (13.3)
8 (5.3)

37 (74.0)
10 (20.0)
19 (38.0)
5 (10.0)
2 (4.0)

0.09
0.37
0.03
0.63
1.00

Previous catheterization
(%)

104 (52) 85 (57) 19 (38) 0.03

Language capability
(%)
First language
Good
Moderate
With translator

171 (86)
10 (5)
15 (8)
4 (2)

132 (88)
8 (5)
9 (6)
1 (1)

39 (78)
2 (4)
6 (12)
3 (6)

0.05

doi:10.1371/journal.pone.0015164.t002

Table 3. Positive answers of the patients just before the
coronary angiography.

All
N = 200

In-patients
N = 150

Out-
patients
N = 50 P

General information

G1 - Any information (%) 198 (99) 149 (99) 49 (98) 0.44

G2 - Well informed (%) 189 (95) 142 (95) 47 (94) 1.00

G3 - Questions (%) 189 (95) 141 (94) 48 (96) 0.73

Periprocedural information

Peri1 - Fasting (%) 178 (89) 129 (86) 49 (98) 0.018

Peri2 – Immobilization (%) 172 (86) 135 (90) 38 (76) 0.017

Peri3 - Compression (%) 168 (84) 128 (85) 40 (80) 0.38

Peri4 - ASS/Clopidogrel (%) 104 (52) 89 (59) 15 (30) 0.001

Procedural information

Pro1 - femoral access (%) 193 (97) 147 (98) 46 (92) 0.07

Pro2 - contrast medium (%) 188 (94) 142 (95) 46 (92) 0.50

Pro3 - fluoroscopy 120 (60) 84 (56) 36 (72) 0.048

Pro4 – PCI
Pro4a – Angioplasty (%)
Pro4b – Stenting (%)
Pro4c – Angioplasty+Stenting (%)

17 (9)
14 (7)
169 (85)

15 (10)
11 (7)
124 (83)

2 (4)
3 (6)
45 (90)

0.38

Provided and assessed information were composed of general (G1-G3),
periprocedural (Peri1-Peri4) and procedural (Pro1-Pro4) facts (see table 1).
doi:10.1371/journal.pone.0015164.t003
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thorough information, cannot recall this later on. Their interest is

to get help and not to be troubled with the many possible problems

involved. If by chance a serious complication occurs, they

probably ‘‘honestly’’ state that they have never been informed

about this before the procedure.

Author Contributions

Conceived and designed the experiments: AE EE FE. Performed the

experiments: AE FE. Contributed reagents/materials/analysis tools: AE.

Wrote the paper: EE FE.

References

1. Beauchamp TL (1997) Informed Consent. In: Veatch RM, ed. Medical Ethics:

Jones & Barlett.

2. Barrett R (2005) Quality of informed consent: measuring understanding among

participants in oncology clinical trials. Oncol Nurs Forum 32: 751–755.

3. Song JH, Yoon HS, Min BH, Lee JH, Kim YH, et al. (2010) Acceptance and

understanding of the informed consent procedure prior to gastrointestinal

endoscopy by patients: a single-center experience in Korea. Korean J Intern

Med 25: 36–43.

Figure 2. Knowledge of the patients in respect to potential complications. A, possible serious complications; B, serious complications.
Dashed line mark the average frequency of remembered complications.
doi:10.1371/journal.pone.0015164.g002

Informed Consent Discrepancies

PLoS ONE | www.plosone.org 5 December 2010 | Volume 5 | Issue 12 | e15164



4. Stryker JE, Wray RJ, Emmons KM, Winer E, Demetri G (2006) Understanding

the decisions of cancer clinical trial participants to enter research studies: factors
associated with informed consent, patient satisfaction, and decisional regret.

Patient Educ Couns 63: 104–109.

5. Vallance JH, Ahmed M, Dhillon B (2004) Cataract surgery and consent; recall,
anxiety, and attitude toward trainee surgeons preoperatively and postoperative-

ly. J Cataract Refract Surg 30: 1479–1485.
6. Dresden GM, Levitt MA (2001) Modifying a standard industry clinical trial

consent form improves patient information retention as part of the informed

consent process. Acad Emerg Med 8: 246–252.
7. Flory J, Emanuel E (2004) Interventions to improve research participants’

understanding in informed consent for research: a systematic review. JAMA 292:
1593–1601.

8. Lipkus IM, Hollands JG (1999) The visual communication of risk. J Natl Cancer
Inst Monogr. pp 149–163.

9. Schapira MM, Nattinger AB, McHorney CA (2001) Frequency or probability?

A qualitative study of risk communication formats used in health care. Med
Decis Making 21: 459–467.

10. Tait AR, Voepel-Lewis T, Malviya S, Philipson SJ (2005) Improving the
readability and processability of a pediatric informed consent document: effects

on parents’ understanding. Arch Pediatr Adolesc Med 159: 347–352.

11. Jefford M, Moore R (2008) Improvement of informed consent and the quality of
consent documents. Lancet Oncol 9: 485–493.

12. Fraker TD, Jr., Fihn SD, Gibbons RJ, Abrams J, Chatterjee K, et al. (2007) 2007
chronic angina focused update of the ACC/AHA 2002 guidelines for the

management of patients with chronic stable angina: a report of the American
College of Cardiology/American Heart Association Task Force on Practice

Guidelines Writing Group to develop the focused update of the 2002 guidelines

for the management of patients with chronic stable angina. J Am Coll Cardiol
50: 2264–2274.

13. Fox K, Garcia MA, Ardissino D, Buszman P, Camici PG, et al. (2006)
Guidelines on the management of stable angina pectoris: executive summary:

The Task Force on the Management of Stable Angina Pectoris of the European

Society of Cardiology. Eur Heart J 27: 1341–1381.

14. Appelbaum PS (2007) Clinical practice. Assessment of patients’ competence to

consent to treatment. N Engl J Med 357: 1834–1840.

15. Falagas ME, Korbila IP, Giannopoulou KP, Kondilis BK, Peppas G (2009)

Informed consent: how much and what do patients understand? Am J Surg 198:

420–435.

16. Kim SY, Karlawish JH, Caine ED (2002) Current state of research on decision-

making competence of cognitively impaired elderly persons. Am J Geriatr

Psychiatry 10: 151–165.

17. Appelbaum PS, Grisso T, Frank E, O’Donnell S, Kupfer DJ (1999) Competence

of depressed patients for consent to research. Am J Psychiatry 156: 1380–1384.

18. Grisso T, Appelbaum PS, Mulvey EP, Fletcher K (1995) The MacArthur

Treatment Competence Study. II: Measures of abilities related to competence to

consent to treatment. Law Hum Behav 19: 127–148.

19. Palmer BW, Dunn LB, Depp CA, Eyler LT, Jeste DV (2007) Decisional capacity

to consent to research among patients with bipolar disorder: comparison with

schizophrenia patients and healthy subjects. J Clin Psychiatry 68: 689–696.

20. Vollmann J, Bauer A, Danker-Hopfe H, Helmchen H (2003) Competence of

mentally ill patients: a comparative empirical study. Psychol Med 33:

1463–1471.

21. Appelbaum PS, Grisso T (1997) Capacities of hospitalized, medically ill patients

to consent to treatment. Psychosomatics 38: 119–125.

22. Palmer BW, Dunn LB, Appelbaum PS, Mudaliar S, Thal L, et al. (2005)

Assessment of capacity to consent to research among older persons with

schizophrenia, Alzheimer disease, or diabetes mellitus: comparison of a 3-item

questionnaire with a comprehensive standardized capacity instrument. Arch

Gen Psychiatry 62: 726–733.

23. Moser DJ, Schultz SK, Arndt S, Benjamin ML, Fleming FW, et al. (2002)

Capacity to provide informed consent for participation in schizophrenia and

HIV research. Am J Psychiatry 159: 1201–1207.

24. Casarett DJ, Karlawish JH, Hirschman KB (2003) Identifying ambulatory

cancer patients at risk of impaired capacity to consent to research. J Pain

Symptom Manage 26: 615–624.

Informed Consent Discrepancies

PLoS ONE | www.plosone.org 6 December 2010 | Volume 5 | Issue 12 | e15164


