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It is with great joy that AMIR Medical Journal sees the light today. This first issue is not only the 
fruit of intense, comprehensive work over the last months, but also aims to be the seed of an open, 
interdisciplinary forum for health professionals and students.

As the international leading preparation centre for Spain’s Specialized Medical Training (MIR) Examination, 
AMIR is an ambitious medical educational project, made by an organization of physicians commited to 
fostering medical education and making medical knowledge accessible to all the scientific community.

With the launch of AMIR Medical Journal, AMIR takes another step in its continuous commitment 
to serving as a great resource for clinicians, researchers and students across the globe. AMJ will be an 
international, open-access, half-yearly, online publication, welcoming reports from any medical discipline, 
in the form of original articles, reviews or overviews, case studies (either contemporary or historical), study 
protocols, letters, commentaries, relevant opinion pieces, or exceptional medical images. Importantly, the 
Under-25 section will accept contributions of any kind from young physicians or undergraduate students.

One key request of researchers across the world is open access to research publications. AMIR Medical 
Journal is fully committed to providing free access to all articles as soon as they are published. Instructions 
for authors and other details are available on our website.

AMJ is born with the vocation of distinguishing itself from the wave of open-access journals that has 
arised in the recent years. AMJ will not charge any fee to the authors or research sponsors, as it is devoted 
to the widest possible global dissemination of open-access medical knowledge. Furthermore, in order to 
incentivate the submission of high-quality scientific papers, selected contributions (three per issue) will be 
granted an AMJ Award, consisting of a diploma and a prize of €500.

We will accept submissions in languages other than English, but do require that all submissions have 
an English version of the abstract. If the paper is finally accepted for publication, a full version of the 
article in English will be required. Authors can submit their manuscripts electronically to submissions@
amirmedicaljournal.org.

Finally, the Editorial Board wish to thank the authors who submitted papers to the first issue of AMJ, we 
are grateful that they responded to our invitation. Likewise, many thanks are due to the experts who 
reviewed these first papers submitted to the journal.

We hereby welcome and encourage everyone in the medical community to take part in this enthusiastic 
project, whose sole criterion for success will be its usefulness to its readers. Any suggestion on how to 
improve our activity in order to deliver a better journal to the authors and readers of AMJ will be always 
very much appreciated.

Medical Journal

AMIR MEDICAL JOURNAL
an exciting beginning

EDITORIAL

The AMJ Editorial Board
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background
Aortic stenosis (AS) is currently the most prevalent valvular 
disease requiring replacement in developed1 countries. In recent 
years, transcatheter aortic valve implantation (TAVI) has opened 
a new therapeutic option for patients with symptomatic AS and 
high surgical risk, or considered inoperable2. In the process of 
evaluating patients for TAVI, a careful assessment of the aortic 
valve complex is essential to prevent complications3. Classically, 
the most widely used techniques for study were transthoracic 
echocardiography (TTE) and transesophageal echocardiography 
(TEE-2D). However, both techniques have the limitation of its 
two-dimensional character and, given the generally elliptical 
geometry of the aortic valve annulus, may not be sufficiently 
precise to ensure adequate sizing of the aortic annulus. The use of 
three-dimensional (3D) image methods like multislice computed 
tomography (MSCT) or 3D echocardiography has increased 
significantly in the recent years, even with routine use of all 
methods in some centers.

The recent development of 3D echocardiography systems allows 
3D assessing of cardiac chambers easily, economically, and 
without radiation exposure. This technique showed improved 
estimation of the AS severity by planimetry4. However, the 
usefulness of this technique evaluating the aortic valve complex 
in TAVI candidates compared to traditional 2D echocardiographic 
imaging has not been comprehensively evaluated.

Currently, there is no ‘gold standard’ cardiac imaging method 
for the analysis of the aortic valve complex5, despite the 
growing interest on the non-invasive anatomical study of the 
aortic annulus. The aim of this study was to compare the results 
obtained in the analysis of the aortic valve complex by TTE, TEE-
2D and three-dimensional transesophageal echocardiography 
(TEE-3D) in a cohort of consecutive TAVI candidates referred to 
our center. Furthermore, intra- and interobserver variability in 
each of the techniques was analysed.

INTRODUCTION

TWO AND THREE-DIMENSIONAL ECHOCARDIOGRAPHY
IN THE EVALUATION OF THE AORTIC VALVE COMPLEX
implications in the selection of candidates to
transcatheter aortic valve implantation
David Dobarro, Pablo Salinas, David Filgueiras-Rama, Teresa López-Fernández, Francisco Domínguez-Melcón, Javier Fuertes-Benéitez,
Raul Moreno, Santiago Jiménez-Valero, Ángel Sánchez-Recalde, Guillermo Galeote, Jose Luis López-Sendón

ABSTRACT
introduction
Transcatheter aortic valve implantation (TAVI) is an alternative to surgical aortic valve replacement for patients with severe aortic 
stenosis and high surgical risk, or considered inoperable. The gold standard for cardiac imaging of the aortic valve complex for 
this procedure has not been established. Our objective was to compare the findings of transtoracic echocardiography (TTE), 2D 
transesophagueal echocardiography (2D-TEE) and 3D TEE in this setting.

methods
14 patients with severe aortic stenosis and indication for valve replacement underwent TTE and 2D-TEE (12 of them also 3D-TEE). 
Variables analyzed were: aortic valve area, distance from muscular septum to valve level, height of sinuses of Valsalva, aortic ring 
diameter, sinotubular junction diameter and ascending aorta diameter. Intra and inter-observer variability was evaluated.

results
There were no differences in aortic ring diameters between TTE, 2D-TEE and mean 3D-TEE (21.11±1.65 mm, 21.58±1.52 mm and 
21.87±1.86 mm respectively; TTE vs 2D-TEE p=0.076, TTE vs. mean 3D-TEE p=0.06 and 2D-TEE vs. mean 3D-TEE p=0.13). Estimated 
aortic ring area was lower with TTE and 2D-TEE compared to 3D-TEE (3.52±0.54 cm2, 3.67±0.53 cm2 and 3.84±0.63 cm2 respectively; 
TTE vs. 3D-TEE p=0.012 and 2D-TEE vs. 3D-TEE p=0.034). Intraclass correlation coefficient was generally higher for 2D-TEE, followed by 
3D-TEE and finally TTE. Comparing TTE and 2D-TEE, no patient would have a different prosthesis size, but when comparing 2D-TEE and 
3D-TEE, 5 of 12 patients (41.6%) would have received a bigger prosthesis if 3D-TEE were used to choose it.

conclusions
3D-TEE allows a comprehensive evaluation of the aortic valve complex with enhanced information compared to TTE and 2D-TEE. 
However intra and inter-observer concordance was lower in 3D-TEE compared to 2D-TEE.
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study population
Between June 2008 and November 2009 14 patients with 
severe symptomatic AS underwent TTE and TEE-2D at Hospital 
Universitario La Paz, Madrid, Spain. Twelve of them were also 
evaluated by TEE-3D. All patients were TAVI candidates that 
had previously undergone clinical screening. The diagnosis of 
severe AS was performed with TTE, following European Society 
of Cardiology recommendations: aortic valve area <1 cm2 and / 
or mean transvalvular gradient >40 mmHg in ETT. No patients 
were excluded, independently of the imaging study’s quality. All 
patients were considered for TAVI with Edwards Sapien device.

variables
The parameters are selected based on existing recommendations 
in literature5 (Table 1). A new variable called average diameter of 
the aortic annulus was constructed from 3D TEE measurements 
([major diameter + minor diameter]/2). The area of the aortic 
annulus was estimated directly by 3D-TEE and from a single 
diameter assuming circular morphology with 2D-TEE6. For 
the measurement of the height of the sinuses of Valsalva, the 
non-coronary sinus was selected. The left coronary sinus was 
not selected due to technical difficulties for TTE and 2D-TEE 
measurement, and the right coronary sinus is usually higher than 
the non-coronary.

echocardiographic image 
acquisition
TTE was made with the following equipment: Philips Sonos 
5500 or Philips iE33 HD11XE (Philips, Andover, Massachusetts, 
United States). Measurements were performed in the 
parasternal long-axis plane with zoom at the aortic valve and 
outflow tract following the usual standards. All measurements 
were performed at mid-systole guided by simultaneous 
electrocardiogram. Aortic annulus diameter was measured at 
the base of insertion of the aortic leaflets. 2D TEE studies were 
performed with a Philips iE33 and X7-2t probe (Philips, Andover, 
Massachusetts, USA). Measurements were performed at 135° 
mid-oesophagical plane with zoom at the aortic valve and 
outflow tract following the usual standards, similarly to the TTE 
(Figure 1). Tridimensional TEE imaging was obtained right after 
2D-TEE acquisition (during the same procedure, with the same 
device). Full volume images composed from 4 cardiac cycles were 
acquired for off-line evaluation.

measurements
Measurements were blinded and performed by two 
independent cardiologists. For intraobserver variability analysis 
measurements were repeated after one week. Bidimensional 
studies were analyzed using the Xcelera software (Philips, 
Andover, Massachusetts, United States). 3D-TEE data were 
processed with the QLAB-3DQ software (Philips, Andover, 
Massachusetts, USA). The best-quality full volume acquired was 
selected and processed by MPR (multiplanar reformatting) on 
mid-systole obtaining 3 perpendicular planes: long axis, short 
axis and axial views (Figure 2). Specific guidelines to obtain 
similar 3D images of aortic valve complex in all patients were 
used: two perpendicular long axis aligned with outflow tract and 
ascending aorta, and a short axis image at the insertion base of 
aortic leaflets (Figure 2, red line).

In the latter image, aortic annulus area and 2 diameters (major 
and minor) were measured. Moving that plane (red line) towards 
the ascending aorta (without changing axial alignment), the 
measurements of aortic root, sinotubular junction and ascending 
aorta (Figure 3B, 3C and 3D) were made. Thus, measurements 
were obtained similarly to the 2D studies (anterior-posterior 
diameter was selected instead of the maximum and minimum 

METHODS

Figure 1. Variables measured in 2D-TEE.

Variables
• Aortic annulus diameter

 - Standard (2D)
 - Minimum (3D)
 - Maximum (3D)
 - Mean (3D)

• Aortic annulus area
• Diameter of sinuses of Valsalva 
• Height of sinuses of Valsalva
• Diameter of sinotubular junction 
• Diameter of ascending aorta 
• Distance from septum to aortic valve

Table 1. Variables measured with the 3 techniques.

TWO AND THREE-DIMENSIONAL ECHOCARDIOGRAPHY IN THE EVALUATION OF THE AORTIC VALVE COMPLEX
implications in the selection of candidates to transcatheter aortic valve implantation

Figure 2. Aortic Valvar complex analysis by MPR analysis in QLAB.
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Figure 3. Sinuses of ValsalvaB, sinotubular junctionC and ascending 
aortaC measurements in QLAB by MPR.

baseline characteristics
Baseline data of the patients is shown in Table 2.

missing data
TTE was the least reliable technique (Figure 4): it was always 
possible to measure the aortic annulus, but aortic root was not 
measured 2 times (1.8%), sinotubular junction 6 times (10.8%), 
ascending aorta 17 times (30.4%), Valsalva sinus height 2 times 
(3.6%) and the distance septum to aortic annulus 16 times 
(28.6%).

RESULTS

Baseline characteristics
• Age (years)
• Sex (male / female, %)
• Body surface area (m2)
• EuroSCORE (%)
• Left Ventricular Ejection Fraction (%)
• Aortic Valve Area (cm2)
• Peak Gradient (mmHg)
• Mean Gradient (mmHg)
• Systolic pulmonary pressure (mmHg)
• IVS thickness (mm)
• Creatinin (mg/dl)
• Symptoms (%)

 - Angina
 - Heart failure
 - Syncope

• Functional class NYHA (%)
 - I
 - II
 - III
 - IV

83.7 ± 6.7 
35 / 65
1.7 ± 0.14
28.5 ± 15.3
48.9 ± 13.7
0.69 ± 0.19
85 ± 20.7
50.7 ± 14.3
50.6 ± 10.1
16.3 ± 3.3
1.3 ± 0.4

14
85.7
28.5

0
42.8
57.2
0

Table 2. Baseline characteristics. IVS intraventricular septum. Means 
are shown with 95% confidence intervals. 

Missing value in transthoracic 
echocardiogram
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Valsalva
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Ascending 
aorta

Distance 
septum to 

valve

Figure 4. Missing data in each variable studied with TTE.

diameters). Both in 2D and 3D studies, the diameter of the 
sinuses of Valsalva was measured at an intermediate point 
between aortic annulus and sinotubular junction, and the 
ascending aorta at 20 mm from the sinotubular junction. These 
2 last measurements, as well as the distance septum to aortic 
annulus were made in the 135º plane in the 2D study. All the 
image and reconstruction process was repeated in the second 
measurements in order to resemble daily clinical practice and 
assess inter and intra-observer variability.

statistical analysis
Statistical analysis was performed using SPSS 17 (SPSS Inc, 
Chicago, United States). Wilcoxon test for related samples was 
used to compare the measurements. The inter and intra-observer 
variability coefficients were analyzed by the intraclass correlation 
coefficient (ICC). The ICC agreement was considered, according 
to the literature, as poor (ICC ≤0.4), fair to good (ICC 0.4 – 0.75), 
and excellent (ICC ≥0.75)7. A p value <0.05 was considered as 
statistically significant.
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TTE vs 2D-TEE vs 3D-TEE
Aortic annulus diameter was 21,11±1,65 mm by TTE, 21,58±1,52 
mm by 2D-TEE, and 21,87±1,86 mm the mean diameter by 3D-TEE 
(19,98±1,35 mm the minimum and 23,75±2,59 mm the maximum 
diameter). There was a tendency that did not reach statistical 
significance to measure bigger aortic ring diameters with 2D-TEE 
vs. TTE (p=0.076), with 3D-TEE (mean diameter) vs. TTE (p=0.06) 
and with 3D-TEE (mean diameter) vs. 2D-TEE (p=0.13). Minimum 
diameter measured by 3D-TEE was significantly smaller than 
aortic annulus measured by TTE (p=0.012) and 2D-TEE (p=0.003). 
Maximum diameter measured by 3D-TEE was significantly bigger 
than aortic annulus measured by TTE (p=0.002) and 2D-TEE 
(p=0.002). Aortic annulus area measured by 2D-TEE showed a 
tendency (that did not reach statistical significance) to be bigger 
than when measured by TTE (Table 3). Aortic annulus are by 
3D-TEE was significantly bigger (3,84±0,63 cm2) compared to TTE 
(p=0.012) and 2D-TEE (p=0.034). Results of the comparison of the 
rest of variables are shown in Table 3.

concordance analysis
Intra and interobserver ICC for aortic annulus diameter 
measurements was best in 2D-TEE (See Table 4). For aortic 

annulus area with 3D-TEE, intraobserver ICC was 0.76 and 
interobserver ICC 0.82 (both considered excellent). All the 
variables with concordance analysis are shown in Table 4.

prosthesis size and technique 
used for aortic annulus 
measurements
For this analysis we used the mean value of the 4 measurements 
done with TTE, 2D-TEE and 3D-TEE, using for the later one the 
mean of the maximum and minimum diameters measured. We 
choosed the prosthesis size with the recommendations made 
by Edwards Lifesciences at that time: <18 mm contraindication, 
18 – 21.5 mm 23 mm prosthesis, 21.6 – 24.5 mm 26 mm prosthesis 
and >24.5 mm 29 mm prosthesis. Comparing TTE and 2D-TEE, 
no patient would have a different prosthesis size, but when 
comparing 2D-TEE and 3D-TEE, 5 of 12 patients (41.6%) would 
have received a bigger prosthesis if 3D-TEE were used to choose 
it (26 mm prosthesis instead of 23 mm prosthesis). Any of the 
changes would result in contraindication for the procedure 
because of a too small aortic annulus.

Variable

• Aortic annulus diameter
 - Standard 2D / Mean 3D
 - Minimum 3D
 - Maximum 3D

• Aortic annulus area
• Diameter of sinuses of Valsalva
• Diameter of sinotubular junction
• Diameter of ascending aorta
• Height of sinuses of Valsalva
• Distance from septum to aortic valve

Variable comparison
TTE

21.11±1.65
-
-

3.52±0.54
32.84±3.15
25.27±2.94
35.20±4.45
16.65±1.84
14.81±0.99

2D-TEE

21.58±1.52
-
-

3.67±0.53
32.73±4.02
24.98±3.52
35.01±3.35
15.52±1.89
13.91±1.38

3D-TEE

21.87±1.86
19.98±1.35
23.75±2.59
3.84±0.63
30.11±3.55
25.39±3.46
31.42±3.12
13.86±1.28
13.54±1.39

TTE vs. 2D-TEE

0.076
-
-

0.08
0.08
0.21
0.68
0.06
0.83

TTE vs. 3D-TEE

0.06
0.01

0.002
0.01

0.003
0.16
0.07

0.007
0.04

2D-TEE vs. 3D-TEE

0.13
0.003
0.002
0.03

0.002
0.08
0.21

0.004
0.04

Statistical significance

Table 3. Comparison amongst 7 variable measurements analysed with the 3 techniques. Values shown are mean values from 4 different measurements, 
including the 95% confidence interval.

Concordance analysis
Variable

• Aortic annulus diameter
 - Standard 2D / Mean 3D
 - Minimum 3D
 - Maximum 3D

• Aortic annulus area
• Diameter of sinuses of Valsalva
• Diameter of sinotubular junction
• Diameter of ascending aorta
• Height of sinuses of Valsalva
• Distance from septum to aortic valve

Intraobserver
TTE

0.73
-
-
-

0.86
0.64
0.72
0.52

-0.05

2D-TEE

0.87
-
-
-

0.91
0.87
0.78
0.59
0.31

3D-TEE

-
0.59
0.75
0.77
0.93
0.92
0.66
0.49
0.36

TTE vs. 2D-TEE

0.79
-
-
-

0.87
0.76
0.91
0.79
0.26

TTE vs. 3D-TEE

0.90
-
-
-

0.97
0.95
0.92
0.74
0.57

2D-TEE vs. 3D-TEE

-
0.53
0.83
0.83
0.92
0.94
0.92
0.45
0.54

Interobserver

Table 4. Concordance analysis (intraclass correlation coefficient).
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Measurement of the aortic annulus is one of the critical aspects 
when evaluating a TAVI candidate, but the “gold standard” 
technique to do it is not clear, being suggested in the guidelines 
to perform at least TEE and aortography8. 

Recently it has been suggested that three-dimensional 
techniques such as MSCT, could provide additional clinically 
useful information when selecting the right candidates and 
the size of the prosthesis to be implanted. MSCT has two 
fundamental limitations. The first is the need for administration 
of iodinated contrast agents, particularly important in the aging 
population of AS with reduced creatinin clearances, low stroke 
volume and high prevalence of diabetes mellitus, critical factors 
related to increased risk of contrast nephropathy. His second 
limitation is the emission of ionizing radiation. Cardiac magnetic 
resonance does not require the administration of iodinated contrast 
or emit ionizing radiation, however it is an expensive technique and 
requires a great collaboration by the patient, which in this elderly 
population may be difficult.

Is even less clear if differences in measurements between 
different techniques would have clinical relevance as would 
contraindicate the TAVI or change prosthesis size. Compared to 
other studies6, 9, 10, 11 our work performs 4 different reconstructions 
for each variable in 3D-TEE with the objective to be closer to real 
practice, as the main challenge of 3D techniques is to obtain a 
feasible and reproducible reconstruction. As second difference, 
we perform a complete study of the aortic valvar complex, 
evaluating other important parameters when considering 
a patient for TAVI. 3D-TEE has been studied as a tool for TAVI 
evaluation in other studies6, 12, but in most of them just measuring 
aortic annulus diameters and area, not all the parameters of the aortic 
valvar complex.

variable measurement
Our results with 2D echocardiography are similar to those 
reported in previous works6, 9, 10, 11, showing that TTE tends to 
underestimate the aortic annulus diameter compared to 2D-TEE. 
Aortic annulus diameters in our cohort were smaller than those 
published previously, probably related to the smaller body 
surface area of our sample (1.7±0.14 m2) compared to other 
studies with population from northern Europe6 (1.8±0.20 m2). 
The results regarding the comparison of aortic annulus diameter 
and area with 2D and 3D techniques are also concordant with 
previous studies, including those using MSCT as 3D technique6, 

10, 11. The finding that no differences were found (just a tendency) 
between aortic annulus diameter in TTE and 2D-TEE compared 
to mean diameter in 3D-TEE, but that there were significant 
differences with maximum and minimum diameters in 3D-TEE, 
as it has been also published in other works with MSCT11, can be 
explained by the fact that measurements made by 2D techniques 
are in fact obliques to the real aortic annulus because of the 
manual plane acquisition. This also can explain the differences 
found in the sinus de Valsalva diameters between 2D and 3D 
techniques. Although the differences found are important, the 
clinical relevance of them are unclear, as it cannot derive from 
our results if the oblique plain from 2D techniques or the mean 
3D diameter from 3D-TEE would provide better results regarding 
periprosthetic regurgitation and prosthesis position.

Sinus of Valsalva height was significantly smaller in 3D-TEE when 
compared to 2D techniques. It is not easy to know a priori if 2D 
or 3D echocardiography is more reliable in this setting. Going 
back to anatomical studies (as we could not find information in 
the literature with non invasive imaging13), mean non-coronary 
Valsalva sinus height was 13.8±1.9 mm, which was closer to our 
measurements with 3D-TEE (13.86 +/- 1.2 mm), but not with our 
2D techniques. Valsalva sinus height could help when trying 
to estimate the distance from aortic valve to coronary ostia, 

especially to the left one which origin tends to be lower. If the 
distance to coronary ostia is < 8 mm, the risk of occlusion of 
the coronary ostium with Edwards SAPIEN prosthesis rises14. 
This risk is related to 2 aspects: Low coronary origin and high 
implantation of the prosthesis. The last one could be related 
to a small distance between aortic annulus and the muscular 
septum. Although with current 3D-TEE devices visualization of 
the coronary arteries is not always possible, it can be estimated 
taking into account the height of the sinus of Valsalva. Left main 
ostium is above sinotubular junction in 20-40% of the patients 
and 60-80% 1-2 mm below it15-17 (Figure 5B). Excluding rough 
coronary origin anomalies in the mandatory coronary angiogram 
done before TAVI, a sinus of Valsalva height bigger than 10 mm 
could be a good predictor to avoid coronary ostia compromise 
when implanting the TAVI.

When comparing sinotubular junction and ascending aorta 
measurements with the different techniques no differences 
were found, which can be explained because these structures 
are usually circumferential so oblique plains with 2D techniques 
could be the same as the ones obtained after a detailed 3D 
reconstruction. Although these parameters are not very 
interesting for the Edwards device, ascending aorta diameter less 
than 45 mm is mandatory for the CoreValve.

3D-TEE showed the smallest measurements of the valve plane to 
muscular septum distance. For this variable, intraobserver and 
interobserver concordance was poor, especially by TTE. 2D-TEE 
and 3D-TEE measurements showed similar CCI (taking into 
account that measurements are done in just one view in 2D-TEE 
and in 4 different reconstructions in 3D-TEE). The explanation of 
these poor CCI in our opinion is related to the small anatomical 
space that is measured here, thus minimal changes in each 
measure could be big when they are expressed in percentage 
of change. In any case, TTE shows an insufficient reliability to 
measure this variable, which is recommended to be over 11 mm 
to avoid migration of the device and coronary ostia compromise 
(figures 5C and 5D)14.

DISCUSSION

TWO AND THREE-DIMENSIONAL ECHOCARDIOGRAPHY IN THE EVALUATION OF THE AORTIC VALVE COMPLEX
implications in the selection of candidates to transcatheter aortic valve implantation

Figure 5
A. Aortic valve complex and left ventricular outflow tract schema, 
similar to a 135º plane in TEE. B. Modified from Muriago et al16. 
Graphical representation of coronary ostia and their relationship 
to the sinotubular junction. C. Edwards SAPIEN type valve correctly 
implanted. D. Edwards SAPIEN type valve incorrectly deployed. 
Distance from aortic valve to muscular septum is too small, 
what offer suboptimal support and generates a high prosthesis 
implantation with risk of coronary ostia occlusion.

A

C

B

D
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missing data
All variables were measured with 2D and 3D-TEE, but TTE 
demonstrated to be insufficient to analyse completely the aortic 
valvar complex in a high percentage of cases. 

concordance analysis
In general, CCI were better with 2D-TEE. CCI were better when 
measuring bigger structures, as expected, and worse with TTE. 
It should be taken into account that the fourth measurements 
(2 by each observer) in 2D techniques were done in just one 
acquisition, as in parallel works6, 11, which probably overestimates 
the concordance in the real world. We think that our protocol 
of 4 reconstructions in 3D-TEE for each measurement are more 
typical of the real clinical practice, which was not taken into 
account in other works6, 11, so those results regarding concordance 
between techniques are not comparable to ours, but probably 
they do not reflect the real intraobserver and interobserver 
variability.

prosthesis size with different 
techniques
Up to 40% of the cases a different prosthesis size would be 
implanted when using 2D or 3D-TEE. Our results are similar to 
previous studies with MSCT. Messika-Zeitoun et al11 reported that 
38% of their patients would have a different prosthesis size when 
using MSCT or TTE and 2D-TEE to decide it. Taking into account 
that most of the measurements were around 21-22 mm and that 
23 mm prosthesis is allowed in 22 mm aortic annulus although 
with 21 mm is also permitted to use 26 mm prosthesis, it is 
unclear if this would have clinical relevance or relationship with 
periprosthetic regurgitation.

limitations
The main limitation of our study is that we have a small sample 
size. With our results we cannot provide information that would 
allow at the moment to change any clinical decision regarding 
prosthesis sizes, but could be a hypothesis generator study.

TWO AND THREE-DIMENSIONAL ECHOCARDIOGRAPHY IN THE EVALUATION OF THE AORTIC VALVE COMPLEX
implications in the selection of candidates to transcatheter aortic valve implantation

3D-TEE allows a complete and reproducible evaluation of the 
aortic valvar complex, giving additional reliable information 
to TTE and 2D-TEE that could be of relevance when evaluating 
patients for TAVI. Implications of differences between techniques 

found in our work should be evaluated in further studies. On the 
other hand, TTE in an unselected population of patients with 
severe aortic stenosis, is insufficient used as the only imaging 
technique to evaluate candidates for TAVI.

CONCLUSION
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VISUAL ACUITY IN DEGENERATIVE DISORDERS 
PRESENTING OUTER RETINAL TUBULATIONS
Lara Esquinas-Beas MD, Jaime Campos Pavón MD PhD, Javier Sambricio-García MD,
Rodolfo Aburto-Noguera MD, Almudena de Pablo-Cabrera MD

ABSTRACT
objectives
Outer retinal tubulations (ORT) develop from the invagination of the photoreceptor layer following damage in the retinal pigment 
epithelium (RPE) and/or outer retina in some degenerative retinal disorders. They present as round hyporreflective structures with 
hyperreflective borders. Two subtypes have been described: pseudodendritic and perilesional.
Our objective is to study the possible correlation between the total length, distance to the fovea or subtype of ORT and the visual 
acuity in patients with Age-related Macular Degeneration (AMD).

methods
A descriptive study was performed, applying the “En Face” Optical Coherence Tomography scan technique, also called C-Scan OCT, 
to a sample of 18 eyes from 16 patients with AMD that presented ORT. A tridimensional reconstruction was obtained, generated 
by macular mapping consisting of 145 30 µm transverse sections in a 15ºx30º mm2 central retinal area. The total length of the ORT 
was measured with the Spectralis Heidelberg kaleidoscope. This data was then analyzed along with the visual acuity of patients, 
using Student’s t-test to compare with subtype of ORT, and Pearson’s r to compare with total length and distance to the fovea.

results
The mean total length of the ORT was 2569 µm and the mean distance to the fovea was 935.61 µm. Seven eyes presented with 
pseudodendritic subtype and eleven with perilesional subtype.
No lineal correlation was found between the length or the distance to the fovea and the visual acuity (r2=0.138 and r2=0.071).
No statistically significant difference was found in the correlation between ORT subtype and visual acuity, using Student’s t-test.

conclusions
In our study, no correlation was found between total length, subtype or distance to the fovea and the patients’ visual acuity. There 
are no other published studies that describe or compare this data.

Optical coherence tomography (OCT) is a noninvasive image 
technique that allows to visualize in vivo structures of the 
retina. Thanks to the arrival of this tool, new lesions have been 
discovered that were previously inaccessible, as is the case of 
outer retinal tubulations (ORT). The “En Face” technique, derived 
from the OCT, permits to make frontal sections of the retina, 
allowing to reconstruct a tridimensional image1, 2.

In 2009 Zweifel et al first described ORT in patients with Age-
related Macular Degeneration (AMD)12. The name “tubulation” 
derives from the tubular shape that these lesions present when 
observed with the “En Face” technique1.

ORT are located in the outer nuclear layer of the retina and are 
believed to be an invagination of the photoreceptor layer, that 
folds creating new lateral adhesions1, 4, 6, 11, 13. This is due to the 
tissue damage produced by the interruption of interdigitations 
between the retinal pigment epithelium (RPE) and the 
photoreceptors, and the loss of the tight junctions between the 
outer segments and the adjacent glial cells. It is thought that 
ORT appear in areas of remodeling (atrophy, inflammation or 
neovascularization) and are an attempt to repair the damage 
caused by degenerative retinal disorders to reconstruct the 
internal segment of the ellipsoids3, 4, 6, 7, 12.

Outer retinal tubulations have a round or oval shape with 
hyperreflective borders that contrast with a hyporreflective 
center; they have a height of between 40-140 μm and a variable 
width1, 3, 4, 6, 8, 9, 13. They are usually located more than 1 mm from 

the center of the retina and they have never been found under 
the fovea. Two subtypes have been described according to 
their morphology: pseudodendritic (which present as branched 
networks that are located in fibrovascular areas in patients with 
exudative AMD) and perilesional (which have a tubular shape, 
lack of digitations, and are found in atrophic areas in patients 
with dry AMD)1. These features allow to differentiate ORT from 
Cystoid Macular Edema, which is located in the inner nuclear 
layer and does not have the characteristic hyperreflective 
external halo3, 4, 8, 11.

These structures were first described in AMD with classic 
choroidal neovascular membranes, but have subsequently 
been discovered in other degenerative disorders such as retinal 
dystrophies, Stargardt’s disease, retinitis pigmentosa, central 
serous choroidopathy, Best’s disease or even choroidal nevus 
among others1, 3, 4, 6, 7, 9, 10, 11, 12, 13.

Certain risk factors for its occurrence have been described, 
such as geographic atrophy, poor visual acuity, large lesion size, 
blocking of the contrast in the fluorescein angiography (FA), 
hemorrhages etc5. They have not however been described in the 
Diabetic Macular Edema, central retinal vein occlusion (CRVO) or 
zones with total absence of photorreceptors5.

The aim of this study is to measure the length of the ORT as well as 
their distance to the fovea, and verify whether it affects the visual 
acuity of our patients. On the other hand we will also evaluate the 
possible correlation between visual acuity and type of ORT.

INTRODUCTION
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We designed a descriptive study of a series of cases. We took 
as sample the eyes of those patients diagnosed with AMD who 
presented ORT in their checkup OCT and who were followed by 
the Retina Section of the Department of Ophthalmology of the 
Hospital Doce de Octubre (Madrid) from August to November 
2014.

Inclusion criteria were the presence of ORT when a checkup 
OCT was performed on patients diagnosed with AMD, that had 
good cooperation regardless of whether they had had cataract 
surgery or not. We excluded patients with fixation difficulty, poor 
collaboration, media opacity that prevented testing and signs of 
diabetic retinopathy.

All patients underwent examination that consisted of 
measurement of their best corrected visual acuity (BCVA) with 
Snellen test, slit lamp exam, fundus examination with indirect 
ophthalmoscope and optical coherence tomography scan.

Afterwards, the “En Face” technique was applied (Heidelberg 
Spectralis). We performed macular mapping, with 145 cross 
sections of 30 μm in width, in a central area of the retina of 15° x 
30° mm2. With the superposition of these cross sections, a three-
dimensional macular brick was obtained. The total length of the 

ORT was measured manually with the kaleidoscope of Heidelberg 
Spectralis, following the route of each ORT by planes. Due to 
the fact that most ORT had ramifications, all measurements 
obtained from each ORT were added, taking the total length as 
final value. In the cases where there was more than one ORT or 
there was a perilesional pattern, all ORT were measured and the 
total length value was considered as the sum of the lengths of 
all ORT present in the cross section. The process was repeated 
twice and the mean of the two values obtained was recorded. The 
measurement of the distance between the ORT and the fovea 
was also performed manually obtaining in this case a single value.

A database was obtained, collecting the following variables: age, 
sex, number of anti-VEGF intravitreal injections received, visual 
acuity, macular thickness, ORT subtype, total length of the ORT 
and their distance from the fovea. Other data collected was: 
ophthalmological history, type of AMD, duration and type of 
treatment received.

The calculation of the correlation between ORT total length and 
visual acuity as well as the distance to the fovea and visual acuity 
were calculated based on Pearson’s r for two numeric variables. 
The correlation between the subtype of ORT and visual acuity 
was calculated using Student ś t test.

VISUAL ACUITY IN DEGENERATIVE DISORDERS PRESENTING OUTER RETINAL TUBULATIONS

MATERIALS AND METHODS

A sample of 18 eyes of 16 patients diagnosed with AMD who 
presented ORT when a checkup OCT was performed, underwent 
a new OCT applying in this case the “En Face” technique.

The mean age of patients was 81 years old (range 69-92 years old). 
50% were male (9) and 50% women (9). The mean visual acuity 
was 3/20 (range 10/20 to hand motions).

The average length of the ORT of the eyes studied was 2569 μm, 
and the average distance to the fovea of the ORT was 935.61 μm. 
Out of the 18 eyes examined, 7 eyes had pseudodendritic subtype 
ORT and 11 had a perilesional subtype. Two of the patients 
in our study had ORT in both eyes, and both presented with 
pseudodendritic pattern in one eye and perilesional in the other.

When calculating the correlation between the total length of 
the ORT and the visual acuity, no linear correlation was found 
(r2=0.138). Regarding the correlation between the distance from 
the ORT to the fovea and the visual acuity, no linear correlation 
was found either (r2=0.071).

When calculating the correlation between the subtype of ORT 
and the visual acuity, using Student’s t test, we found a value for 
t=0.2869 (p=0.7779), therefore not considering it a statistically 
significant difference and not being able to ensure that the visual 
acuity has any relation with the subtype of ORT.

RESULTS
Total length of ORT and visual acuity
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Table 1. Correlation between the total length of ORT and visual 
acuity in the patients studied.
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DISCUSSION
In this study we describe the correlation between visual acuity 
and a number of variables: the average total length of the ORT, 
their distance to the fovea and their subtype, being the first 
part of the process measuring these parameters. The goal was 
to see if any of these variables could affect the visual acuity of 
our patients, but no statistically significant differences were 
obtained.

To accomplish this, we used the “En Face” technique, which 
permits to better follow up degenerative disorders2 and to 
evaluate more thoroughly lesions such as ORT. It also allows a 
better differential diagnosis between ORT and cystoid retinal 
cavities or cystoid macular edema, thus avoiding unnecessary 
treatment4. In this way we ensure to correctly classify structures 
which are really ORT, and exclude other disorders with similar 
morphological features in the OCT.

Outer retinal tubulations were first described in AMD, but they 
have been found afterwards in several other retinal degenerative 
disorders that affect the photoreceptors and/or the retinal 
pigment epithelium (RPE)1, 3, 4, 12. They originate in advanced stages 
of the disease, when it is stable and less aggressive, so they could 
be used as an indicator of the development and severity of the 
underlying disease1, 3, 12. For example, it has been observed that 
patients with geographic atrophy and presence of ORT, present a 
much slower progression, acting the ORT as a possible protective 
factor. On the other hand, patients lacking ORT have shown to 
develop a greater increase of the atrophy12. Most of our patients 
had an advanced stage of the disease and a mean visual acuity of 
less than 15%. A follow up of our patients could allow verifying 
whether they have a slower development of their disease than 
patients lacking ORT.

Previous studies have described two different patterns of ORT 
(pseudodendritic and perilesional), both having also been 
observed and reflected in our study, although it has not been 
found that those morphological differences might have a relevant 
clinical translation.

For ORT to appear it is necessary that sublethal injury occurs in 
the photoreceptors and/or the RPE. New studies have found that 
the invaginated photoreceptors are still somewhat functional 
and patients maintain a residual vision in these zones3, 4. The 
patients in our study had a mean visual acuity of 3/20 (range 
10/20 to hand motions) although it would be interesting to 
conduct a visual field exam to see if this hypothesis is true in our 
case.

In patients treated with anti-VEGF injections, the ORT are located 
in the areas where there has previously been exudation and 
therefore the outer layers of the retina have been damaged11. 
Some studies argue that they do not disappear after treatment 
with anti-VEGF, but response has been described in some cases, 
so it is thought that these lesions are not static. It is believed 
that the change in size is due to the fluctuation of the fluid inside 
the ORT in response to the intravitreal injections; however they 
remain constant in number and distribution4, 5, 8, 11. Some of our 
patients are currently treated with anti-VEGF; a follow up could 
be performed, with “En Face” technique, to calculate the area of 
the ORT before and after having received the treatment, and if 
their size increases again, observe whether this correlates with an 
increase of the subretinal fluid. 

This study has some limitations such as a small sample size, the 
measurement of the ORT lengths which was done manually and 
can present a random error, and the fact that the anti-VEGF 
treatment received was not taken into account. It would be 
recommendable to perform further studies with a larger number 
of patients to corroborate the results and increase accuracy. It 
would also be interesting to study whether the occurrence of 
ORT could be considered as a prognostic factor of stability.

In conclusion, ORT are structures of recent discovery that can 
be found in some degenerative disorders of the outer retina. No 
correlation has been found between visual acuity and length, 
distance to the fovea, or subtype of ORT.

VISUAL ACUITY IN DEGENERATIVE DISORDERS PRESENTING OUTER RETINAL TUBULATIONS

Figure 1. ORT as seen in a basic check-up OCT scan, showing the 
characteristic round hyporreflective shape with hyperreflective 
borders.

Figure 2. Image of a pseudodendritic ORT in a transverse cross-
section of the central retinal area, obtained with the “En Face” 
technique.

Figure 3. Image of a perilesional ORT in a transverse cross-section of 
the central retinal area, obtained with the “En Face” technique.
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new forms of Interferon-β1a
In relapsing–remitting MS (RRMS), pegylated IFN-β1a has 
demonstrated clinical and radiological superiority compared 
with placebo1, both in the group taking pegylated IFN-β1a every 
2 and every 4 weeks. Noteworthily, IFN-β agents have a well 
characterized long-term safety profile, in contrast to other novel 
disease-modifying therapies for MS. In addition, a reduced dosing 
frequency can play an important role in patient preference.

Alemtuzumab
This humanized monoclonal antibody (mAb) is directed against 
CD52, a surface glycoprotein present in B, T and Natural 
Killer cells, among others2. A major concern associated with 
alemtuzumab is the development of humoral autoimmunity 
(particularly Graves disease, idiopathic thrombocytopenic 
purpura, and Goodpasture syndrome).

CD-20 directed mAbs 
(Ocrelizumab and Rituximab)
These B-cell depleting therapies have proved to reduce MS 
disease activity in phase 2 trials3. Although Progressive Multifocal 
Leukoencephalopathy (PML) has been observed while on 
rituximab in other diseases such as rheumatoid arthritis or lupus4, 
no PML cases have been associated with rituximab or ocrelizumab 
treatment in MS so far.

Dimethyl fumarate (BG-12)
DMF has anti-inflammatory and immunomodulatory properties, 
and has been recently approved. Typical adverse events while 
on DMF include flushing, diarrhea, nausea and upper abdominal 
pain5. Importantly, the physician must remember to monitor 
lymphocyte counts in patients on BG-12.

Laquinimod
It is thought that Laquinimod mediates its action through 
a reduction in central nervous system (CNS) invasion of 
inflammatory cells and an elevation of brain-derived 
neurotrophic factor. It is well tolerated and has not been 
associated with serious adverse effects.

Daclizumab
Although it is directed against CD25, which is expressed on 
activated T cells, Daclizumab does not block T-cell proliferation. 
It has shown promise when used in addition to IFN-β16.

Teriflunomide
Teriflunomide has been recently approved in Europe and 
the United States. By targeting DNA, it inhibits immune cell 
replication. Women of childbearing potential should use effective 
contraception during treatment and after treatment as long as 
teriflunomide plasma concentration is above 0.02 mg/L.

Statins
In a phase II trial7, high-dose simvastatin (80mg daily) 
demonstrated a 43% reduction in annualized brain atrophy rate 
after 2 years and significant attenuation of clinical disability 
progression in patients with secondary progressive MS (SPMS), 
arguing in favor of statins having both immunomodulatory and 
neuroprotective effects.

The presence of restricted IgM oligoclonal banding in the 
cerebrospinal fluid (CSF) of patients with primary progressive 
MS (PPMS) has recently been associated with evidence of active 
inflammatory disease (gadolinium-enhancing lesions) on MRI8, 
thus highlighting the heterogeneity of patients classified as 
having PPMS, and pointing at the existence of a subgroup of PPMS 
patients with more-active inflammatory disease -potentially 
respondent to immune-directed therapies. 

In patients receiving natalizumab, serum levels of anti-JC virus 
antibodies can be used to stratify their risk of PML9. Likewise, 
higher levels of these antibodies are associated with an increased 
risk of PML in patients with no prior immunosuppressant therapy.

Patients with radiologically isolated syndrome (RIS) have a 34% 
risk of conversion to MS over a mean follow-up period of 4.4 
years10. Factors associated with a higher probability of conversion 
include age, male sex, and the presence of spinal cord lesions. In 
this regard, spinal cord grey matter atrophy has been identified as 
a stronger predictor of clinical disability than the classically-used 
brain grey and white matter volumes, brain and spinal cord lesion 
load, and total area of spinal cord white matter11.

MULTIPLE SCLEROSIS IN 2016
what’s new?
A. Cruz-Herranz, MD.

INTRODUCTION
Over the last few years, we have witnessed great advances in the 
understanding of multiple sclerosis (MS) underlying mechanisms 
and clinical phenotypes. In the same way, novel therapeutic 
agents have been approved. Altogether, this multidisciplinary 

progress shows promise to a better, yet increasingly complex 
disease management. Here we discuss the newest ongoing and 
future directions in MS.

NEW THERAPIES
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The presence of restricted IgM oligoclonal banding in the 
cerebrospinal fluid (CSF) of patients with primary progressive 
MS (PPMS) has recently been associated with evidence of active 
inflammatory disease (gadolinium-enhancing lesions) on MRI8, 
thus highlighting the heterogeneity of patients classified as 
having PPMS, and pointing at the existence of a subgroup of PPMS 
patients with more-active inflammatory disease -potentially 
respondent to immune-directed therapies.

In patients receiving natalizumab, serum levels of anti-JC virus 
antibodies can be used to stratify their risk of PML9. Likewise, 

higher levels of these antibodies are associated with an increased 
risk of PML in patients with no prior immunosuppressant therapy.

Patients with radiologically isolated syndrome (RIS) have a 34% 
risk of conversion to MS over a mean follow-up period of 4.4 
years10. Factors associated with a higher probability of conversion 
include age, male sex, and the presence of spinal cord lesions. In 
this regard, spinal cord grey matter atrophy has been identified as 
a stronger predictor of clinical disability than the classically-used 
brain grey and white matter volumes, brain and spinal cord lesion 
load, and total area of spinal cord white matter11.

MULTIPLE SCLEROSIS IN 2016
what’s new?

ROLE OF SEROLOGICAL AND RADIOLOGICAL MARKERS IN 
RISK MANAGEMENT AND CLINICAL DECISION MAKING 

In order to improve prognostication, treatment selection, and design 
of research studies, disease activity (clinical and/or radiological) and 

clinical progression have been included as modifiers to the classic 
clinical courses of MS (relapsing and progressive)12.

NEW DEFINITIONS OF CLINICAL MS PHENOTYPES
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pulsatile mass after radial catheterism
Aida Suárez-Barrientos, MD; Rodrigo Fernández-Jiménez, MD; Borja Ruiz-Mateos, MD

legend
A seventy-seven year old woman was admitted to the Coronary 
Care Unit with a high-risk non ST-segment elevation acute 
coronary syndrome. A coronary angiography was performed 
through left radial access finding two-vessel chronic coronary 
artery disease. Twenty four hours later, the patient complained 
of left wrist swelling. A pulsatile mass was found protruding 
over the radial puncture point (a short video can be downloaded 
at http://www.academiamir.com/AMJ/subidas/journals/1/
SurezBarrientosA.Video1.avi “). A palpable thrill and an 
audible “to-and-fro” murmur were noted, suggesting a radial 
pseudoanerysm. Eco-doppler study confirmed the diagnosis 
showing an anechoic 1.5 centimetre-length pulsatile mass 
communicating with the radial artery by a single neck where 
Doppler sample identified a “to-and-fro” flow signal (blood 
flowing into the collection during systole and in the opposite 
direction during diastole) (Figures 1 and 2). Pseudoaneurysm 
was treated by external compression during twelve hours until 
vascular surgical repair. The patient was discharged two days 
after surgery with no new complications. 

Figure 1.

Figure 2.
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A 61 year-old man without previous cardiovascular history was 
attended to the Emergency Room because of sudden onset 
palpitations. The electrocardiogram performed at admission 
showed counterclockwise atrial flutter with a ventricular rate of 
150 beats/minute.

Before electrical cardioversion, a transesophageal 
echocardiogram was performed to discard the presence of 
intracavitary thrombus. Images obtained showed a quadricuspid 
aortic valve with four cusps of equal size (type A in the Hurwitz 
classification) with a small rectangular central regurgitant 
orifice. Moderate aortic insufficiency due to central leaflet tip 
malcoaptation was associated. After ruling out the presence 
of atrial thrombus, the patient underwent successful electrical 
cardioversion and recovered sinus rhythm.

Panel A shows a short-axis view of the aortic valve in diastole, 
with “4-leaf clover” appearance and central incomplete cusps 
closure, also seen in long-axis view (Panel B).

In systole, the opening of only two leaflets simulates a bicuspid 
aortic valve (Panel C).

Panel D shows the regurgitant aortic jet due to central 
malcoaptation in colour Doppler image (Short-axis view).

Finally, Panel E and F present a three-dimensional 
echocardiographic acquisition of the valve in diastole and in 
systole, allowing an extremely accurate planimetric evaluation of 
the regurgitant orifice.

Quadricuspid aortic valves (QAV) are very rare cardiac 
abnormalities with an estimated prevalence of 1 in 6000 patients 
that undertake aortic valve surgery1. There is a slight male 
predominance, and the mean age for diagnosis is 50 years-old1.

The Hurwitz classification describes seven variations of the 
quadricuspid aortic valve (from A to G) depending on the 
combinations in size of the four cusps2. The most frequent variation is 
that of B – three equal-sized cusps and one smaller cusp2. 

The most common complication of QAV is aortic regurgitation3-4, 
as in this case. Some other associated conditions are bundle 
branch blocks, left ventricular hypertrophy and abnormal 
displacement of the ostium in the right coronary artery4. 
Previous investigations have shown increased incidence of atrial 
fibrillation in this patients, but this point is still under study4. 

The typical treatment for patients with QAV and severe aortic 
regurgitation is surgical aortic valve reconstruction or aortic 
valve replacement.

In this rare congenital heart defect, transesophageal 
echocardiography provides additional information, such as 
better visualization of the valve and the presence of associated 
malformations.

The contribution of three-dimensional echocardiography in this 
entity is still unclear5. Probably it will help in difficult cases, to 
better delineate valve morphology and the leaflet malcoaptation. 
These advantages can be extended to bicuspid and tricuspid 
valves, although further investigation is still needed.

RA: right atrium, LA: left atrium,
PA: pulmonary artery, LVOT: left ventricle outflow tract.

UNUSUAL COMBINATION OF QUADRICUSPID AORTIC 
VALVE AND ATRIAL FLUTTER. CONTRIBUTION OF
THREE-DIMENSIONAL ECHOCARDIOGRAPHY.
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Characteristic ST-segment elevation and recent onset left 
bundle-brunch block are commonly accepted to warrant urgent 
percutaneous coronary intervention, during acute myocardial 
infarction (AMI)1. De Winter et al. recently described a new ECG 
pattern, without ST elevation, associated with LAD occlusion and 
seen in 2% percent of anterior AMI2. We observed two patients 
complaining of chest discomfort, both of them, an 82-year-old 
woman and a 58 year-old man, with multiple cardiovascular 
risk factors, presented a recent onset chest pain and a common 
6-hour pain ECG pattern. The ECG showed 2 mm point J 
elevation, 1mm ST-segment elevation in I and aVL, together with 
ST-segment depression in inferior lead (Figure 1). Clinical and 
echocardiographic images depicted typical AMI findings and 
urgent cardiac catheterization was performed showing a very 
proximal LAD occlusion without other coronary lesions. First 
Troponin I levels were 0.55 and 0.0, and peak were 53 and 123, 
respectively (normal < 0.2 ng/ml). All these data advise to revisit 
our urgent percutaneous coronary intervention criteria, probably 
including supporting echocardiographic criteria, beyond practice 
guidelines on AMI, since it is well known time is muscle3.

Figure 1.

PROXIMAL LAD OCCLUSION AND ST SEGMENT ELEVATION
a revisited point?
Ivan J Núñez Gil, MD, Gisela I Feltes, MD
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Medical conditions and mental illness are frequent comorbid. 
Around 29 percent of those with a medical disorder had a 
comorbid mental health condition1. When mental and medical 
illnesses are present together, this combination is associated 
with decreased quality of life and premature mortality2-3. Several 
specific medical conditions are associated with an increased risk of 
mental illnesses, and conversely, mental illnesses are associated 
with increased morbidity and mortality in patients with specific 
medical disorders4-5.

Up to 20% of patients with cardiovascular disease (CVD) also 
meet axis I DSM (Diagnostic and Statistical Manual of Mental 
Disorders)6 diagnoses criteria for major depressive disorder 
(MDD) or bipolar disorder (BD)7-8. Patients with MDD or BD are 
more likely to engage in unhealthy behaviors, such as smoking 
or having a sedentary lifestyle, that increase the risk of CVD4.
Previous studies reported association between mood disorders 
and personality disorders (PDs)9-11. 

Personality disorders are defined as permanent pattern of 
internal experience and behavior which markedly removed from 
the cultural expectations to which the subject belongs, and 

reveals itself in at least two of the following areas: knowledge, 
affection, interpersonal activity or impulse control. This 
persistent pattern is inflexible and extends to a wide range of 
personal and social situations, producing significant clinical 
distress or impairment of social, working or other important 
activities (Figure 1 and 2). Personality disorders can be organized 
in three groups: A (eccentric-introverted-odd), B (dramatic-
impulsive-erratic) and C (anxious-fearful). Group A comprises 
paranoid, schizoid and schizotypal disorders. Group B includes 
histrionic, narcissistic, borderline and antisocial personality 
disorders. And group C, obsessive-compulsive, avoidant and 
dependent personality disorders6. PDs prevalence ranges 
between 9 and 15% in community samples12-14.

PDs might act as risk factor for the development of CVD and 
could negative influence CVD prognosis. PDs could promote the 
adoption of unhealthy habits and behaviors which raise their 
risk of developing chronic illnesses and compromise medical 
therapeutic adherence. Also, PDs could have a negative influence 
on outcome of CVD patients with PD and mood disorders 
comorbidities. 

INTRODUCTION

A. An enduring pattern of inner experience and behavior the deviates markedly from the expectations of the individual’s culture. This 
pattern is manifested in two (or more) of the following areas:
1. Cognition (i.e., ways of perceiving and interpreting self, other people and events)
2. Affectivity (i.e., the range, intensity, liability, and appropriateness of emotional response)
3. Interpersonal functioning
4. Impulse control

B. The enduring pattern is inflexible and pervasive across a broad range of personal and social situations.
C. The enduring pattern leads to clinically significant distress or impairment in social, occupational, or other important areas of 

functioning.
D. The pattern is stable and of long duration, and its onset can be traced back at least to adolescence or early adulthood.
E. The enduring pattern is not better accounted for as a manifestation or consequence of another mental disorder.
F. The enduring pattern is not due to the direct physiological effects of a substance (e.g., a drug abuse, a medication) or a general medical 

condition (e.g., head trauma).

Figure 1. DSM IV general diagnostic criteria for a personality disorder.

PSYCHOLOGY MEETS CARDIOLOGY
do personality disorders matter?
Mariana Suárez-Bagnasco, PhD, MSc, BSc. Iván J Núñez-Gil, MD, PhD

ABSTRACT
Medical conditions and mental illness are frequent comorbid. Up to 20% of patients with cardiovascular disease (CVD) also 
meet DSM (Diagnostic and Statistical Manual of Mental Disorders) criteria for major depressive disorder or bipolar disorder. 
Previous studies reported association between mood disorders and personality disorders (PDs). PDs might act as risk factor 
for the development of CVD and could negative influence CVD prognosis. PDs could promote the adoption of unhealthy habits 
and behaviors and compromise medical therapeutic adherence. Also, PDs could have a negative influence on outcome of CVD 
patients with PD and mood disorders comorbidities. The aim of review is to present current data about PDs in CVD according to 
DMS criteria. Through the electronic database PubMed we searched all relevant related manuscripts published. We found seven 
papers that explored PD in CVD. Two of them included CVD patients recruited at medical hospitals. Five studies analyzed data 
from epidemiological surveys. Studies reported associations between PDs and CVD. Coronary heart disease (CHD) was associated 
with borderline, schizoid, obsessive-compulsive, avoidant, schizotypal, paranoid, narcissistic PDs. The no specificity of association 
between CHD and PDs suggest that PDs could share an underlying physiological and psychological characteristic that makes them 
vulnerable to CHD. More research is needed to explore PDs in other CVD different from CHD and heart failure.
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The aim of review is to present current data about PDs in CVD 
according to axis II DMS diagnoses criteria. We explored if CVD 
patients have PDs and if different if different CVD are associated 
with different PDs. Through the electronic database PubMed we 
searched all relevant related manuscripts published. The main 
data search terms were: personality disorders + cardiovascular 
diseases, personality disorders + coronary heart disease, 
personality disorders + arrhythmias, personality disorders 
+ heart failure, personality disorders + myocardiopathies, 
personality disorders + peripheral artery disease, personality 
disorders + thoracic aortic diseases, personality disorders + 
congenital heart disease.

Cluster A
Schizoid
Detachment from social relationships
Restricted range of emotional expressions
Paranoid
Pervasive pattern of mistrust and suspiciousness
Schizotypal
Social and interpersonal deficits
Cognitive or perceptual distortions and eccentricities

Cluster B
Borderline
Instability of interpersonal relationships, self-image, and affects
Marked impulsivity
Antisocial
Disregard for rights of others
Lack of remorse for wrongdoing
Lack of empathy
Narcissistic
Grandiosity
Need for admiration
Histrionic
Excessive emotionality
Attention-seeking behavior

Cluster C
Obsessive-compulsive
Preoccupation with orderliness and perfectionism
Mental and interpersonal control
Dependent
Excessive need to be taken care of
Submissive behavior
Fear of separation
Avoidant
Social inhibition
Feelings of inadequacy
Hypersensitivity to criticism

Figure 2. Brief description of personality disorders base of DSM IV criteria.

We found seven papers that explore PD in CVD. Two of them 
included CVD patients recruited at medical hospitals. Five 
studies analyzed data from epidemiological surveys. A scheme is 
attached in Table 1.

studies that assessed PDs 
in CVD patients at medical 
hospitals 
Bankier et al. (2004) performed a prospective and single center 
study of stable coronary heart disease (CHD) outpatients 
attended at cardiology division. Structured Clinical Interview 
for the Diagnostic and Statistical Manual of Mental Disorders 
(axes I-V) was used to assess mental disorders.100 patients 
between 30 and 93 years old were included. 4% fulfilled the 
criteria for dependent PD, 3% for narcissistic PD, 1% for avoidant 
PD and 1% for obsessive-compulsive PD. 68% had any axis I 
disorder: past major depressive episode (29%), current dysthymic 
disorder (15%), recurrent major depressive disorder with current 
major depressive episode (31%), current alcohol abuse (19%), 
posttraumatic stress disorder (29%), current generalized anxiety 
disorder (24%), current binge-eating disorder (10%), and current 

primary insomnia (13%). The mean number of comorbid clinical 
psychiatric disorders per subject was 1.715. 

Tully et al. (2014) assessed personality disorders in heart failure 
(HF) patients admitted to three South Australian hospitals. 
Patients were assessed by using Structured Clinical Interview for 
DSM-IV Axis-I and Axis-II disorders. 63 adults with heart failure 
were included. Personality disorders were present in nearly 30% 
HF patients. Avoidant (8.2%), borderline (6.8%) and obsessive 
compulsive (4.1%) PDs were the most frequent. Patients with 
personality disorder had an increased relative risk for psychiatric 
comorbidities including major depression (RR 3.9; 95% CI 1.2–13.3, 
p=0.02), generalized anxiety disorder (RR 3.2; 95% CI 1.0–10.0, 
p=0.04), social phobia (RR 3.8; 95% CI 1.3–11.5, p=0.01) and 
alcohol abuse/dependence (RR 3.2; 1.0–9.5, p=0.04)16.

studies that analyzed data 
from epidemiological surveys
Three papers analyzed data from the National Epidemiologic 
Survey on Alcohol and Related Conditions (NESARC) of adults 
residing in U.S. DSM-IV axis I and II disorders were assessed 
using the Alcohol Use Disorders and Associated Disabilities 
Interview Schedule IV (AUDADIS-IV). Self-reports were used to 

RESULTS
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Study (reference number) CVD PDs percentages
dependent 4%, narcissistic 3%, avoidant 

1%, obsessive-compulsive 1% 
Bankier et al., 200415 CHD

schizoid 3.7%, borderline 3%, schizotypal 
2.9%, dependent 2.4%, obsessive 

compulsive 2%, avoidant 1.9%, paranoid 
1.9%, antisocial 1%

Moran et al., 200721 CHD

obsessive compulsive 7.82%, schizoid 
3.48%, paranoid 3.12%, avoidant 2.21%, 

antisocial 1.43%, histrionic 0.92%, 
dependent 0.86%

Pietrzak et al., 200717 CHD

borderline 15.3%El-Gabalawy et al., 201018 CHD

histrionic 10.9%, obsessive compulsive 
3.3%, borderline 1.7%, antisocial 1.7%, 

schizoid 0.88%, dependent 0.4%

Lee et al., 201020 CHD and HF

schizotypal 37.5%, schizoid 35.4%, 
borderline 34%, obsessive compulsive 
31.2%, dependent 30.3%, narcissistic 

29.5%, avoidant 29.1%, paranoid 28.2%, 
histrionic 25.9%, antisocial 24.6%

Quirk et al., 201419 CHD

avoidant 8.2%, borderline 6.8%, obsessive 
compive 4.1%, schizoid 2.7%, histrionic 
2.7%, narcissistic 2.7%, antisocial 2.7%, 

depressive 2.7%, dependent 1.4%, 
paranoid 1.4%, schizotypal 1.4% 

Tully et al., 201416 HF

Table 1. Main findings scheme (CVD: cardiovascular diseases, PDs: personality disorders, CHD: coronary heart disease, HF: heart failure).

assess physical health conditions. One paper analyzed data from 
Baltimore Epidemiologic Catchment Area study of US adults. 

One paper analyzed a random sample of adults from a 
community survey who lived in England, Wales, and Scotland in 
2000.

Pietrzak et al. (2007) analyzed 10.573 patients from 2001–2002 
(wave 1, NESARC) including only adults aged 60 or older. 
13.3% had coronary heart disease, mainly angina. Any DSM-IV 
personality disorder was associated with a 26% increased odds 
of CHD, even after controlled variables that increased the odds 
of having CHD (age, morbid obesity, hypertension, nicotine 
dependence any drug use disorder, and any mood disorder 
(OR = 1.87)). Specific personality disorders associated with 
CHD included avoidant (OR = 1.80), schizoid (OR = 1.63), and 
obsessive-compulsive (OR = 1.37) personality disorders 17. 

El-Gabalawy et al. (2010) analyzed data from wave 2 (2004–
2005) of NESARC. 34.653 adult between 20 and 90 years old 
participated. Angina pectoris or myocardial infarction was 
reported by 8.5%. 19.9% were diagnosed with personality 
disorder except borderline personality disorder. 5.9% screened 
positive for borderline personality disorder. 15.3% had bipolar 
PD and cardiovascular disease comorbidity. Suicide attempts 
percentage in patients with CHD and bipolar PD were higher than 
suicide attempts percentage in patients with bipolar PD only 
(6.2% vs 3.6%). After adjusting for covariables, the presence of 
borderline PD was significantly associated with CHD (adjusted 
odds ratios, range 1.68-2.78)18.

Quirk et al. (2014) analyzed data from waves 1 (2001–2002) 
and 2 (2004–2005) of NESARC. 34.653 subjects were included. 
10.687 subjects (30.8%) had CHD. Of those with a PD, 29.1 % 
had comorbid CHD. 32.1 % with cluster A PD had CHD, 29.0 % 
of those with cluster B PD and 30.6 % with cluster C PD had 

CHD. Among adults under 55 years old with PDs, significant and 
positive associations were observed for schizoid, schizotypal PDs 
and CHD. Among adults 55 years old and over, significant and 
positive associations were observed for borderline, dependent, 
and obsessive–compulsive PDs and CHD. Of the individual PDs, 
significantly greater odds for CHD were observed for comorbid 
schizoid (AOR 1.50, 99 % CI 1.20–1.89), schizotypal (AOR 1.64, 99 
% CI 1.34–2.02), and narcissistic PDs (AOR 1.20, 99 % CI 1.01–
1.42). Significant and positive associations with CHD were also 
observed in adults under 55 years old for borderline (AOR 1.47, 99 
% CI 1.17–1.85) and obsessive–compulsive PDs (AOR 1.25, 99 % CI 
1.04–1.5019.

Lee et al. (2010) analyzed data from wave 1 and wave 4 of the 
Baltimore Epidemiologic Catchment Area study. Psychiatrist 
diagnosed PDs using DSM III criteria. In wave 1, participants with 
CVD were excluded. In wave 4, 244 community residents between 
18 and 64 years older were included. Myocardial infarction was 
reported by 9.1% and congestive heart failure by 5.2%. 32 of 
244 (13.3%) subjects were diagnosed with one or more DSM–III 
PDs (cluster A 0.88%, cluster B 10% and cluster C 3.7%). Most 
common PDs were histrionic 10.9%, compulsive 3.3%, antisocial 
(1.7%) and borderline (1.7%). A higher percentage of subjects 
with a DSM–III PD (21.8%; 7 of 32) developed incident CVD, as 
compared with those who had no PD diagnosis (13.9%; 29 of 212), 
but the difference was not statistically significant. However, 
when they analyzed separately, DSM–III cluster B personality 
disorder diagnosis was significantly associated with incident CVD 
(OR: 2.67; 95% CI: 1.02– 6.99)20.

In Great Britain, Moran et al. (2010) analyzed a random sample 
of 8580 subjects from a community survey of adults aged 16 to 
74 years whom lived in England, Wales, and Scotland in 2000. 
Structured Clinical Interview for DSM-IV Axis II Personality 
Disorders was used to assess personality disorders. Participants 
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were asked to report stroke or ischemic heart disease. Stroke 
was reported by 0.6% and ischemic heart disease by 2.0% of 
the sample. 2462 cases (28.7%) screened positive for any PD. 
Most common personality disorders were schizoid, obsessive-
compulsive, and paranoid. Those screening positive for PD were 
more likely to be younger than the remainder (mean difference 
of 0.9 years), male (54% vs 48%), to have problems related to 

drinking (30% vs 25%) and current smokers (37% vs 27%). Stroke 
was significantly associated with avoidant, obsessive-compulsive, 
and borderline PD. Ischemic heart disease was significantly 
associated with avoidant (OR = 2.2; 95% CI, 1.1 to 4.5), paranoid 
(OR = 2.1; 95% CI, 1.0 to 4.3), schizotypal (OR = 3.6; 95% CI, 1.5 
to 8.6), schizoid (OR = 1.6; 95% CI, 1.1 to 2.4), and borderline 
personality disorders (OR = 7.2; 95% CI, 2.1 to 24.3)21.

After reviewing, to the best of our knowledge, all relevant 
manuscript on PD in CVD, we only found seven papers published. 
Percentages of different PDs in CVD patients range between 1 and 
28% approx. We found some evidence about the fact that having 
PD increases the probability of having CVD. However, studies 
exploring the theory that different CVD could be associated with 
different PDs are lacking.

Studies that assessed PDs in CVD patients at medical hospitals 
described the presence of PDs in stable CHD15 and in HF16. 
Different types of PDs range between 1 and 8% in HF patients and 
between 1 and 4% in CHD patients. 

Interestingly, papers that analyzed data from epidemiological 
surveys17-19, 21 which only include CHD patients reported a) 
different types of PDs range between 1 and 37%, b) CHD was 
associated with borderline (3 studies) (OR 0.72-2.78), schizoid (3 
studies) (OR 0.15-1.63), obsessive-compulsive (2 studies) (OR 1.25-
1.37), avoidant (2 papers) (OR 1.8-2.2), schizotypal (2 studies) (OR 
1.64-3.6), paranoid (1 paper) (OR 2.1), narcissistic (1 paper) PDs. In 
brief, CHD is associated with cluster A PDs (6 studies), cluster B 
PDs (4 papers) and cluster C PDs (4 papers). 

The study that analyzed data from epidemiological surveys that 
includes CHD and HF patients (20) described: a) different types of 
PDs range between 1 and 11%, b) CVD was associated with cluster 
B PDs (OR 2.67).

The lack of specificity regarding a relationship between CVD 
and PDs suggest that PDs could share underlying physiological 
and psychological features that would make them vulnerable 
to CVD. Behavioral mechanism could include unhealthy 
habits, interpersonal conflict, job stress, social isolation. 
Physiological mechanisms might include autonomic imbalance, 
impaired hypothalamic-pituitary-adrenal axis regulation and 
inflammatory processes. 

Since we have evidence about the fact that having PD increases 
the probability of having CVD, PDs are a matter of interest for 
cardiovascular physicians (cardiologist, internal medicine, cardiac 
surgeons, etc.) and need a proper evaluation, diagnose and 
accurate treatment.

In medical settings, physicians may find trouble in establishing 
a relationship with PDs patients. PDs are chronic conditions 
that require specific strategies22. For example: Cluster A 
PDs patients are uncomfortable in interpersonal situations, 
emotionally distant and isolative. In the clinical setting, may 
be reluctant to seek care because of the necessary personal 
contact, they may interact in a manner that is distant and 
odd, and they may have bizarre ideas regarding their illness. 
Doctors should respect their need for interpersonal distance, 
avoiding over-involvement in personal and social issues and 
providing clear expectations. Cluster B PDs patients can be 
excessively demanding, manipulative, emotionally unstable, 
and interpersonally inappropriate. Cardiologists should set clear 
limits, avoiding excessive familiarity and providing clear and 
nontechnical explanations. Cluster C PDs patients exhibit anxiety 
and experience uncomfortable ideas and sensations that cause 
distress. Cardiologists should provide reassurance thorough 
explanations and encouraging patient participation in treatment. 
These difficulties could negatively impact diagnosis processes and 
treatment. At the same time, some PDs treatments might have 
side effects that exacerbate or complicate underlying conditions. 
For example, antipsychotic medications can cause weight gain, 
obesity and type 2 diabetes23. 

Although we have some evidence about the fact that having PD 
increase the probability of having CVD17-21, the influence of PDs 
in CVD prognosis have not been studied yet. Cross-sectional and 
prospective studies using measures of cardiovascular status and 
cardiovascular outcomes are needed.

Both CVD and PDs are multifactorial diseases in which the 
combination of different types of risk factors is not well known. 
Perhaps, non-linear data analysis might shed light regarding 
complex association between variables. 

In addition, we must point out that focused research is needed to 
explore PDs in other CVD different from CHD and heart failure. 
Also, research is needed to explore if different CVD are associated 
with different PDs. Even more, research is needed to elucidate 
mechanisms, mediators and interactions among mediators in 
PDs and CVD associations. The identification of them may lead 
to targeted specialized psychological, pharmacological and 
combined interventions for CVD patients.

DISCUSSION

Personality disorders are often found in cardiovascular patients. 
CHD was associated with borderline, schizoid, obsessive-
compulsive, avoidant, schizotypal, paranoid, narcissistic PDs. The 
unspecificity of association between CHD and PDs suggest that 

PDs could share an underlying physiological and psychological 
feature. More research is needed to explore PDs in other CVD 
different from CHD and heart failure.

CONCLUSIONS



31

1. Alegria M, Jackson JS, Kessler RC, Takeuchi D. National Comorbidity Survey Replication (NCS-R), 2001–2003. Ann Arbor: Inter-university 
Consortium for Political and Social Research, 2003.

2. Druss BG, Rohrbaugh RM, Levinson CM, Rosenheck RA. “Integrated Medical Care for Patients with Serious Psychiatric Illness: A Randomized 
Trial.” Archives of General Psychiatry, vol. 58, no. 9, 2001.

3. Katon WJ. Clinical and Health Services Relationships between Major Depression, Depressive Symptoms, and General Medical Illness. 
Biological Psychiatry, vol. 54, no. 3, 2003.

4. Ramasubbu R, Taylor VH, Samaan Z, Sockalingham S, Li M, Patten S, Rodin G, Schaffer A, Beaulieu S, McIntyre RS; Canadian Network for 
Mood and Anxiety Treatments (CANMAT) Task Force. The Canadian Network for Mood and Anxiety Treatments (CANMAT) task force 
recommendations for the management of patients with mood disorders and select comorbid medical conditions. Ann Clin Psychiatry. 
2012;24(1):91-109.

5. Ramasubbu R, Beaulieu S, Taylor VH, Schaffer A, McIntyre RS; Canadian Network for Mood and Anxiety Treatments (CANMAT) Task 
Force. The CANMAT task force recommendations for the management of patients with mood disorders and comorbid medical conditions: 
diagnostic, assessment, and treatment principles. Ann Clin Psychiatry. 2012;24(1):82-90.

6. DSM IV-R (1995) Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. Editorial Masson. Barcelona.
7. Krueger RF. Continuity of axes I and II: toward a unified model of personality, personality disorders, and clinical disorders. J Pers Disord. 

2005;19:233-261. 
8. Goodman M, New AS, Triebwasser J, et al. Phenotype, endophenotype, and genotype compari-sons between borderline personality disorder 

and major depressive disorder. J Pers Disord. 2010;24:38-59.
9. Bajaj P, Tyrer P. Managing mood disorders and comorbid personality disorders. Curr Opin Psychiatry. 2005;18(1):27-31.
10. Oldham JM, Skodol AE, Kellman HD, Hyler SE, Doidge N, Rosnick L, Gallaher PE. Comorbidity of axis I and axis II disorders. Am J Psychiatry. 

1995;152(4):571-8.
11. Rosenbluth M, Macqueen G, McIntyre RS, Beaulieu S, Schaffer A; Canadian Network for Mood and Anxiety Treatments (CANMAT) Task Force. 

The Canadian Network for Mood and Anxiety Treatments (CANMAT) task force recommendations for the management of patients with 
mood disorders and comorbid personality disorders. Ann Clin Psychiatry. 2012;24(1):56-68.

12. Samuels J, Eaton WW, Bienvenu OJ, Brown CH, Costa PT, Nestadt G. Prevalence and correlates of personality disorders in a community 
sample. Br J Psychiatry. 2002;180:536-42.

13. Grant BF, Hasin DS, Stinson FS, Dawson DA, Chou SP, Ruan WJ, Pickering RP. Prevalence, correlates, and disability of personality disorders in 
the United States: results from the national epidemiologic survey on alcohol and related conditions. J Clin Psychiatry. 2004;65(7):948-58.

14. Torgersen S, Kringlen E, Cramer V. The prevalence of personality disorders in a community sample. Arch Gen Psychiatry. 2001;58(6):590-6.
15. Bankier B, Januzzi JL, Littman AB. The high prevalence of multiple psychiatric disorders in stable outpatients with coronary heart disease. 

Psychosom Med. 2004;66(5):645-50
16. Tully PJ, Selkow T2. Personality disorders in heart failure patients requiring psychiatric management: Comorbidity detections from a routine 

depression and anxiety screening protocol. Psychiatry Res. 2014 Sep 7. pii: S0165-1781(14)00748-3. doi: 10.1016/j.psychres.2014.08.051. 
17. Pietrzak RH, Wagner JA, Petry NM. DSM-IV personality disorders and coronary heart disease in older adults: results from The National 

Epidemiologic Survey on Alcohol and related conditions. J Gerontol B Psychol Sci Soc Sci. 2007;62(5):295-9.
18. El-Gabalawy R, Katz LY, Sareen J (2010) Comorbidity and associated severity of borderline personality disorder and physical health conditions 

in a nationally representative sample. Psychosom Med 72(7):641-647.
19. Quirk SE, El-Gabalawy R, Brennan SL, Bolton JM, Sareen J, Berk M, Chanen AM, Pasco JA, Williams LJ. Personality disorders and physical 

comorbidities in adults from the United States: data from the National Epidemiologic Survey on Alcohol and Related Conditions. Soc 
Psychiatry Psychiatr Epidemiol. 2014. DOI 10.1007/s00127-014-0974-1.

20. Lee HB, Bienvenu OJ, Cho SJ, Ramsey CM, Bandeen-Roche K, Eaton WW, Nestadt G (2010) Personality disorders and traits as predictors of 
incident cardiovascular disease: findings from the 23-year follow-up of the Baltimore ECA study. Psychosomatics 51(4):289-296.

21. Moran P, Stewart R, Brugha T, Bebbington P, Bhugra D, Jenkins R, Coid JW (2007) Personality disorder and cardiovascular disease: results from 
a national household survey. J Clin Psychiatry 68(1):69-74.

22. Feldman MD, Christensen JF. Behavioral medicine in primary care. 2d ed. New York: Lange Medical Books/McGraw-Hill Medical, 2003:231-52.
23. De Hert M, Detraux J, van Winkel R, Yu W, Correll CU. Metabolic and cardiovascular adverse effects associated with antipsychotic drugs. Nat 

Rev Endocrinol. 2011;8(2):114-26. 

REFERENCES

PSYCHOLOGY MEETS CARDIOLOGY
do personality disorders matter?



Medical Journal

Would you like to see your manuscript 
published in AMIR Medical Journal?

Submit it electronically to
submissions@amirmedicaljournal.org


