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ABSTRACT

Objective: latrogenic aortic dissection (IAD) during cor-
onary interventions is a rare but fatal complication. There
is not enough experience and trial on this subject. In this
study, we report our IAD cases and their acute, short-term,
and long-term results.

Methods: In this study, we screened 6,096 coronary angi-
ographies performed in our center between February 2016
and February 2019. Ascending aortic dissection developed
in 8 patients. A total of 7 patients had computed tomograph-
ic angiography images after the event and during the fol-
low-up. We performed 1-month and 1-year follow-up exam-
inations.

Results: The incidence of IAD was 0.13%. The female sex
ratio was as 63%. Atotal of 37% of the patients had present-
ed with acute coronary syndrome. In 37% of the patients,
dissection occured while support catheter use, but in the
remaining patients, dissections developed owing to hydrau-
lic pressure. Regardless of the Dunning staging, 7 patients
were followed-up with medical treatment, and 1 patient with
decreased coronary flow was referred to emergency coro-
nary bypass surgery. Regression was in the first tomogra-
phy in 4 patients and observed in the control tomography in
the remaining patients with medical treatment. The in-hos-
pital 1-month and 1-year mortality rates were 0%.
Conclusion: 1AD is a fatal disease, and conservative fol-
low-up is suggested due to lack of clear management
recommendations. The findings in our study showed that
medical treatment is the first choice for the hemodynami-
cally stable patients when dissection is sealed by stenting;
however, surgical treatment is required in patients with the
decreased coronary flow.

OZET

Amac: Koroner girisimler sirasinda olusan asendan aort di-
seksiyonu nadir fakat 6limcul olabilen bir komplikasyondur.
Bu konuda deneyim ve ¢alismalar ¢ok kisithdir. Bu ¢alisma-
da,merkezimizde koroner girisim sirasinda karsilastigimiz
iyatrojenik aort diseksiyonu vakalarinin akut, kisa ve uzun
dénem sonuglarini paylastik.

Yéntemler: Subat 2016 ve Subat 2019 tarihleri arasinda
merkezimizde yapilan 6096 adet koroner jiyografi geriye
doénlk tarandi. Sekiz hastada asendan aort diseksiyonu
gelismisti. Yedi hastada olay sonrasi ve kontrol bilgisayarl
tomografi anjiografi géruntuleri mevcuttu. Hastalarin bir ay
ve bir yil poliklinik muayene kontrolleri mevcuttu.

Bulgular: iyatrojenik aort diseksiyonu insidansi %0,13 ola-
rak hesaplandi. Kadin cinsiyet orani %63 idi. Hastalarin
%37’si akut koroner sendrom ile bagvurmustu. Hastalarin
%37’sinde destek kateter kullanimi sonrasi diseksiyon iz-
lenirken diger hastalarda basingli opak verilmesi ile disek-
siyon gelistigi izlendi. Duning evrelemesine bakilmaksizin
yedi hasta medikal tedavi ile takip edilirken, koroner akimi
azalan bir hasta acil koroner baypas cerrahisine génderildi.
Medikal tedavi ile takip edilen yedi hastanin dort tanesinde
ilk tomografide regresyon geri kalaninda ise kontrol tomog-
rafilerde regresyon izlendi. Hastane ici 61im, bir ay ve yillik
mortalite oranlari %0’d1.

Sonuc: iyatrojenik aort diseksiyonu mortal seyredebilen bir
durum olup, guincel kilavuzlarda kesin tedavi énerisi bulun-
mamaktadir. Calismamiza gére hemodinamik olarak stabil
seyreden, stent ile diseksiyon flebinin sinirlandigi, koroner
akimin korundugu hastalarda medikal tedavi ile takip; an-
cak koroner akimin bozuldugu hastalarda cerrahi tedavi ile
mukemmel sonuglar alinmaktadir.

Received: May 4, 2020 Accepted: September 21, 2020
Correspondence: Veysel Ozgiir Baris, M.D. Department of Cardiology, Dr Ersin Arslan Training and
Research Hospital, Ankara, Turkey
Tel: +90 505 454 5054 e-mail: veyselozgurbaris@yahoo.com
© 2021 Turkish Society of Cardiology

g



https://orcid.org/0000-0002-3021-8612
https://orcid.org/0000-0002-6782-4237
https://orcid.org/0000-0002-3149-0853
https://orcid.org/0000-0003-3659-5360
https://orcid.org/0000-0003-1531-6967

Aortic dissection during coronary intervention management

109

P ercutaneous coronary intervention (PCI) is a reli-
able and effective procedure that is increasingly
used in stable coronary artery disease and acute cor-
onary syndromes. Aortic dissection is a clinical con-
dition that is rarely seen during PCI but can be fatal,
and treatment recommendations are not clear. There
are various case reports in the literature because there
is no prospective randomized study on this mortal
complication; however, there are very few observa-
tional studies. Therefore, the treatment approaches in
this area are not clear, and there are no clear recom-
mendations on this issue in guidelines.

The most cited observational study was pub-
lished by Dunning et al.!l In their study, the cases
were divided into 3 groups according to the degree
of dissection, and treatment options were suggested
accordingly. However, it is difficult to use this dis-
section staging in daily practice because it does not
have a physiological or anatomic basis and does not
evaluate coronary flow. In this study, we present our
treatment recommendations according to clinical
tomographic and long-term follow-up of iatrogenic
aortic dissection (IAD) cases in our center.

METHODS

In this study, 6,096 coronary angiography and PCI
imaging studies performed between February 2017
and February 2019 in Giilhane Training and Research
Hospital (Ankara, Turkey) were retrospectively re-
viewed. In 8 patients, aortic dissection was observed.
The main clinical features of the patients who devel-
oped IAD and the materials used during the procedure
were reached through the file and patient information
system. The patients’ follow-up and their 1-month
and 1-year health statuses were obtained from the pa-
tient’s own doctor or from the patient’s information
system. Dunning dissection classification of these pa-
tients was performed retrospectively on angiographic
images.!! The study protocol was approved by the
Giilhane Ethics Committee of Health Science Uni-
versity on September 25, 2018 (Approval Number:
215/219). This investigation complied with the prin-
ciples outlined in the Declaration of Helsinki.

RESULTS

During the 6,096 PCI and coronary angiography, 8
TIADs were observed, and the incidence was 0.13%.

Dissection ﬂap was Abbreviations:
detected in 2 pa- cr
tients with left main €7
coronary artery o
(LMCA) and left o Circumflex artery
coronary cusp, ins DM Diabetes mellitus
EBU Extra back-up
patients with right g7
coronary artery /AD
(RCA) and rlght ZCAZ thetr:rlz\t/:rf::ed::cindmg
coronary cusp, and coronary artery
in 1 patient with a  LMCA  coronary
MI Myocardial infarction
noncoronary cusp. oy
It was observed that ~ pcr
we used the radi- RCA Right coronary artery
al artery approach 7w
in just 1 patient,
and the standard
femoral artery approach was used in other patients.
Dissection occurred in 3 patients during the prima-
ry PCI, in 2 patients during the elective PCI, and in
3 patients during the chronic total occlusion (CTO)
procedure. No patient developed aortic dissection
during standard, elective coronary angiography. The
most common cause of dissection was opaque ma-
terial pressure injection (in 4 patients) and wrong
or deep engagement of the catheter (in 3 patients).
Dissection was observed in 2 patients while using
Amplatz-2 guiding, in 5 patients while using Judkins
right-4 guiding, and in 1 patient while using extra
back-up (EBU) guiding catheter and guideliner cath-
eter (GUIDEZILLA II Guide Extension Catheter,
Boston scientific, USA) (Table 1). In-hospital death
was not developed in any patient, and 1-month and
1-year mortality rates were 0%.

Computed tomography

Computed tomographic
angiography
Chronic total occlusion

Hypertension
latrogenic aortic dissection

Left main coronary artery

Obtus marginalis

Percutaneous coronary
intervention

Thrombolysis in Myocardial
Infarction

Patient details
Patient 1

A female patient aged 61 years with a history of pe-
ripheral arterial disease and hypertension (HT) was
admitted for coronary angiography due to stable angi-
na. Coronary angiography revealed noncritic stenosis
at the RCA and left anterior descending coronary ar-
tery (LAD) but significant luminal stenosis at the ob-
tus marginalis (OM)-1 branch (Fig. 1A). The circum-
flex artery (Cx) was cannulated with 6F Amplatz Left
2 guiding catheter through left radial access. A total
of 2 drug-eluting stents were implanted at the OM-1
branch. Aortic root and LMCA dissection occurred,
which arose from a deep and wrong engaged guiding
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iatrogenic aortic dissection; OM: obtus marginalis.

Figure 1. (A) There is a significant lesion on the OM branch. (B) IAD occurred owing to the wrong engagement of the AL
2 catheter. (C) Control angiography after stent implantation showing a perfect covering of the dissected segment and no
further contrast filling in the aortic wall. (D) CTA showing aortic false lumen in the horizontal plane. (E) In the transverse
plane, the dissection flap was limited before the arcus aorta. (F, G) Control CTA showing complete resolution of dissection
and false lumen in the horizontal and transverse planes. AL: Amplatz left; CTA: computed tomographic angiography; IAD:

L }
‘o
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LMCA, dissection of the aorta was observed on the
noncoronary cusp (Fig. 2C). On the development of
aortic dissection, the right and left coronary arteries
were rechecked with the Judkins catheter. Because
no flow-limiting lesion was observed in the coronary
ostium and the coronary blood flow was Thrombol-
ysis in Myocardial Infarction (TIMI) 3, the patient
was taken to the intensive care unit (ICU), and in-
tervention to OM-1 was postponed. The patient was
followed up with an intravenous beta-blocker and

nitroglycerine infusion. Echocardiography after the
procedure showed tricuspid aortic valve insufficien-
cy, but there was no aortic valve insufficiency; ejec-
tion fraction was 50%. The first aortic CTA showed
dissection on the aortic noncoronary cusp (Fig. 2D).
The patient was followed up with medical treat-
ment for 48 hours. On control CTA, dissection was
self-limited, and intramural hematoma formation oc-
curred (Fig. 2E). One week later, PCI was performed
in the OM-1 branch successfully.
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Figure 2. (A, B) There were significant lesions on the LAD and OM branches. (C) IAD occurred on the noncoronary cusp
with AL-3 guiding. (D) In the first CTA, IAD can be seen on the horizontal and transverse planes. (E) Control CTA showing a
complete resolution of the IAD. AL: Amplatz Left; CTA: computed tomographic angiography; IAD: iatrogenic aortic dissec-
tion; LAD, left anterior descending coronary artery; OM: obtus marginalis.

Patient 3

A female patient aged 48 years with a history of di-
abetes mellitus (DM) was admitted to our hospital
with ST-elevation myocardial infarction (MI). Coro-
nary angiography was performed, and plaques were
detected in Cx and LAD. RCA was cannulated with
aright Judkins 4 guiding catheter, and the first angio-
graphic image revealed antegrade midsegment occlu-
sive dissected long lesion; unfortunately, at the same
time, retrograde aortic dissection occurred owing to
contrast medium delivery pressure (Fig. 3A). Im-
mediately, the guidewire was advanced to the RCA.
Stent implantation was performed starting from the
ostium to prevent the progression of the aortic dissec-
tion (Fig. 3B). Despite the interventions, distal TIMI
1 flow was obtained, and the patient was followed up
with medical treatment in the ICU. Echocardiogra-
phy after the procedure showed tricuspid aortic valve
insufficiency, but there was no aortic valve insuffi-
ciency; ejection fraction was 45%. There was no dis-

section flap in the aorta on the control CTA (Fig. 3C).
The patient was discharged with medical treatment 1
week after her admission. No additional cardiovas-
cular pathology was detected in the patient’s control
visit 1 month later.

Patient 4

A patient aged 70 years with a diagnosis of HT, DM,
and hyperlipidemia in her history was referred for
coronary angiography on detection of inferolateral
ischemia on myocardial perfusion scintigraphy. Cor-
onary angiography showed no significant lesion in
LAD and Cx, but a severe lesion was detected af-
ter the RCA conus branch, and it was decided that
PCI be performed. The RCA was cannulated with the
right Judkins 4 guiding catheter, but the deep engage-
ment of the catheter caused dissection from the right
coronary ostium to the aorta (Fig. 4A and B). RCA
was quickly passed with a guidewire. After balloon
predilatation, drug-eluting stent implantation was
performed to close the osteal flap starting from the
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Figure 3. (A) Retrograde aortic dissection occurred owing to high-pressure contrast delivery. (B) The RCA ostium was
stented to prevent the progression of the aortic dissection. (C) There was no dissection flap in the aorta on the control CTA.
CTA: computed tomographic angiography; RCA: right coronary artery.

distal conus branch to osteal RCA (Fig. 4C). In the
control image, aortic dissection was observed to be
self-limiting, and TIMI 3 flow was achieved in RCA
(Fig. 4D). Echocardiography after the procedure
showed tricuspid aortic valve and first-degree aortic
valve insufficiency; ejection fraction was 45%. Con-
trol CTA showed no dissection flap (Fig. 4E).

Patient 5

A female patient aged 38 years without known chron-
ic disease underwent coronary angiography for infe-
rior MI. The RCA of the patient who had no serious
lesion in LAD and Cx was cannulated with a right
Judkins 4 guiding catheter. Retrograde dissection oc-
curred with rapid administration of contrast medium
during image acquisition in the RCA, and it spread to
the aorta (Fig. SA). The dissected lesion was passed
through to the guidewire, and a stent was implant-
ed to include the entire dissection flap ostium (Fig.
5B). Control angiography showed TIMI 3 flow in the
RCA and stable self-limiting dissection of the aor-
ta (Fig. 5C). Echocardiography after the procedure
showed tricuspid aortic valve and mild aortic valve
insufficiency; ejection fraction was 55%. There was
no significant dissection flap in the aorta after the
procedure (Fig. 5D). A 1-year follow-up of the pa-
tient was uneventful.

Patient 6

A male patient aged 57 years was admitted to the
catheter laboratory for a CTO lesion of the RCA.
We decided to perform retrograde cannulation to the
RCA through to septal collateralization. During bi-

lateral injection, hydraulic dissection developed with
the rapid delivery of contrast medium from the cath-
eter in the RCA (Fig. 6A). The patient was followed
up in the ICU with stable hemodynamic parameters.
Echocardiography after the procedure showed tricus-
pid aortic valve and first-degree aortic valve insuf-
ficiency; ejection fraction was 47%. CTA showed a
self-limiting dissection flap after the procedure (Fig.
6B). Control CTA showed thrombosis and closure of
the dissection flap after 5 days (Fig. 6C).

Patient 7

A female patient aged 50 years was admitted to the
catheter laboratory for CTO to RCA (Fig. 7A). We
decided to perform retrograde cannulation to RCA
through to septal collateralization. During bilateral
injection, hydraulic dissection developed with the
rapid delivery of contrast medium from the catheter
in the RCA (Fig. 7B). Control coronary angiography
showed good coronary blood flow and self-limiting
dissection of the aorta. At this point, we decided to
end the procedure. Echocardiography after the pro-
cedure showed tricuspid aortic valve and mild aortic
valve insufficiency; ejection fraction was 43%. The
control CTA showed no dissection (Fig. 7C).

Patient 8

A female patient aged 50 years underwent CTA for
RCA. We decided to perform retrograde cannulation
to the RCA through to septal collateralization. The
LMCA was cannulated using EBU guiding catheter.
Because the septal perforator artery was tortuous, mi-
crocatheter and extension catheter (GUIDEZILLA 11
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Figure 4. (A) Coronary angiography showing a severe lesion after the RCA conus branch. (B) Deep engagement of the
catheter caused dissection from the right coronary ostium to the aorta. (C) After balloon predilatation, drug-eluting stent
implantation was performed to close the osteal flap starting from the distal conus branch to the osteal RCA. (D) Control an-
giography showing a self-limiting aortic dissection and TIMI 3 flow in the RCA. (E) Control CTA showing no dissection flap.
CTA: computed tomographic angiography; RCA: right coronary artery; TIMI: Thrombolysis in Myocardial Infarction.

Guide Extension Catheter) were used for better sup-
port. Although the RCA was retrogradely wired
through, Dunning type 1 dissection occurred from the
LMCA to the aorta (Fig. 8A). Balloon angioplasty was
performed on the LAD, Cx, and LMCA owing to a de-
crease in coronary blood flow in the LMCA. TIMI 2

flow was achieved in the LAD and Cx, and the patient
was clinically stabilized (Fig. 8B). Echocardiography
after the procedure showed tricuspid aortic valve and
mild aortic valve insufficiency; ejection fraction was
35%. After that, the cardiovascular surgery council was
convened urgently, and the patient underwent an emer-
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Figure 5. (A) Retrograde dissection has occurred with rapid administration of contrast. (B) The dissected lesion was passed
through to the guidewire and stent implanted to include the entire dissection flap ostium. (C) Control angiography showing
TIMI 3 flow in the RCA and stable self-limiting dissection of the aorta. (D) In the control CTA image; there was no significant
dissection flap in the aorta after the procedure. CTA: computed tomographic angiography; RCA: right coronary artery; TIMI:
Thrombolysis in Myocardial Infarction.

gency bypass surgery because of decreased coronary
blood flow.

DISCUSSION

There is a lack of information on IAD in the litera-
ture, and its management was still controversial. In
light of our experiences in our center, we think that
medical follow-up can be performed in an aortic dis-
section that occurs during PCI (regardless of the de-
gree of Dunning stages, that is, the length of the dis-
section flap) if there is no coronary flow limitation,

if there is a progression in the dissection flap, and if
the patient is hemodynamically stable. Surgical treat-
ment should be considered in cases where the coro-
nary flow is reduced, where medical treatment cannot
provide hemodynamic stability, and where dissection
extends to the carotid arteries that may cause neuro-
logical sequelae.

Advances in PCI led to many complex procedures
to be performed percutaneously without the need for
surgical treatment.”* In addition to the advantages of
PClI, it should be known that it may lead to compli-
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Figure 6. (A) During bilateral injection, hydraulic dissection developed with the rapid delivery of contrast medium from the cathe-
ter in the RCA. (B) The first CTA showing a self-limiting dissection flap after the procedure. (C) Control CTA showing a thrombosis
and closure of the dissection flap after 5 days. CTA: computed tomographic angiography; RCA: right coronary artery.

Figure 7. (A) Angiography showing chronic total occlusion on the RCA. (B) During bilateral injection, hydraulic dissection
developed with the rapid delivery of contrast medium from the catheter in the RCA. (C) The control CTA showing no dissection.
CTA: computed tomographic angiography. RCA: right coronary artery.

-

cations that are very challenging to manage. The best
known and most feared complications are coronary
dissection, coronary perforation, and aortic dissec-
tion.*!

The incidence of IAD is around 0.01% in diag-
nostic coronary angiography, 0.19% in patients with
acute MI, and 1.8% in patients with CTO."' Mortal-
ity rates of IAD cases are around 50% with surgical

treatment.' In the past, because of the less complex
coronary interventions, IAD was seen less, but these
days, it is thought that the incidence of IAD increases
with increasing complex procedures. Because there
is no possibility of prospective studies for this rare
but fatal complication, treatment recommendations
are based on observational studies. Treatment recom-
mendations from these studies, in which the number
of patients is limited and imaging methods, such as
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Figure 8. (A) LMCA was cannulated with EBU guiding
catheter; microcatheter and guideliner catheters (Guidezilla
Il guide extension catheter) were used for better support.
While the RCA was being retrogradely wired through, Dun-
ning type 1 dissection occurred from the LMCA to the aorta.
(B) After balloon angioplasty, TIMI 2 flow was achieved in
the LAD and Cx. Cx: circumflex artery; EBU: extra back-

up catheter; LAD: left anterior descending coronary artery.
LMCA: left main coronary artery. RCA: right coronary artery.
TIMI: Thrombolysis in Myocardial Infarction.

coronary CTA, cannot be used, have not been includ-
ed in the current guidelines.!”

These treatment recommendations are based on
an observational study by Dunning et al.! Their
study included 20,475 PCI cases, and there were
9 cases of IAD. The incidence of IAD was 0.02%,
and all dissections originated from the RCA ostium.
Because their study was an observational study be-
tween 1993 and 1999, there were cases of acute MI
rather than complex coronary procedures, and there
were no dissection cases after the radial intervention.
In our study, 5 dissections originated from the right
coronary ostium, but there were 2 dissections that
originated from the left coronary ostium and 1 that
originated from the noncoronary valve. In addition,
3 dissections developed during the CTO procedure.
Therefore, it is clear that our study will better reflect
the daily practice of the patients.

In the study by Dunning et al." cases were di-
vided into 3 classes. Class 1 was defined as a focal
dissection restricted to the coronary cusp, class 2 was
defined as dissections extending up the aorta but are
40 mm, and dissections =40 mm are defined as class
3. Medical treatment was recommended primari-
ly for classes 1 and 2 dissections, whereas surgical
treatment was recommended for class 3 dissection.
This classification is based on previous case reports

by the authors but does not have any histological or
physiological basis and does not evaluate coronary
flow. Therefore, we think that the proposed treat-
ment options with this classification are not correct.
Although Dunning type 3 dissection developed in
patients 1 and 2 in our study, dissection flap was
kept under control with medical treatment, and the
patients were discharged without additional com-
plications. In the eighth patient, although Dunning
class 1 dissection developed, because of a decrease
in coronary flow, the patient underwent emergency
surgery and was discharged without additional com-
plications. In addition, as in patients 6 and 7, CTO
lesions can be monitored with medical treatment
even without stent implantation to seal the dissection
flap. It is unclear whether to determine the Dunning
classification during a major complication, such as
aortic dissection. It is not clear whether this grading
can be performed better by coronary angiography or
by computed tomography (CT). In addition, Dunning
et al. did not have any postcomplication tomography
recordings. In our study, we can see that the dissec-
tions are completely lost by tomography in patients
who were followed up with a medical treatment.

There are also studies investigating the value of
CT in IAD.*#® In these studies, CT has been shown
as a useful noninvasive imaging method in the fol-
low-up of the dissection flap. In these studies, aortic
dissections that were sealed with a stent or treated
with medical therapy were regressed on control to-
mography. Similarly, in our study, aortic dissection
regressed almost completely on control tomography.
In these studies, it was shown that the dissection flap
regressed without the need for emergency surgery if
the dissection flap was sealed by stent implantation,
although it was Dunning type 3. Similar findings are
also shown in our study.

Current guidelines recommend emergency sur-
gery as the first choice for spontaneous acute type
A dissections.!”! Although conservative follow-up
is mentioned in TAD, there is no clear recommen-
dation.”! There is a study showing a 50% mortali-
ty rate after surgical treatment in IAD during PCI.
6 This rate is very high compared with the rate of
spontaneous aortic dissection surgery.*! However,
in a large multicenter study including 74 cases of
IAD, feasible patients were followed-up with stent
implantation or medical treatment, and mortality
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rates were very low with this attitude.!"” Comparing
our study with previous studies, it is seen that a fol-
low-up with medical treatment in feasible patients
has a lower mortality rate than a follow-up with a
routine surgical operation.

There are many case reports and reviews in the
literature on IAD "' When these articles were ana-
lyzed, it was shown that mortality rates are very low
with osteal stenting and medical treatment follow-up,
even if the case is Dunning Class 3."8 For example,
Carstensen and Wart presented an IAD case who
was treated using osteal stenting.!'” The patient was
discharged uneventfully. Moreover, a search of their
literature can relive the role of osteal stenting in pre-
venting in-hospital mortality.!'"!

Limitations

The most important limitations of this study are (1)
the data are observational in nature and are based on
a single-center experience only, (2) the study is ret-
rospective and (3) includes a small number of cases.
The absence of cases with neurological dysfunction
makes it difficult for this study to provide treatment
recommendations in this area.

Conclusion

We should note that although IAD is the most criti-
cal and feared complication of PCls, there is no clear
treatment recommendation in the current guidelines.
In such cases, where randomized controlled studies
are not possible, observational data are very valu-
able. In our study, we emphasize that in patients with
a hemodynamically stable course, conservative fol-
low-up with medical treatment may be considered
for limited dissection flap that does not disrupt the
coronary antegrade flow and also in patients in whom
the flap does not progress toward the aortic arch, and
surgical treatment may be administered in patients
whose coronary flow is impaired and dissection to
the aortic arch progresses.
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