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Iatrogenic coronary artery dissection is a potentially life-threatening complication of cardiovascular interventions. The optimal
management of iatrogenic coronary artery dissection is not clear; however, both conservative management and percutaneous or
surgical revascularization have been performed depending on the patient’s clinical status and the extent of dissection. We
present the first reported case of right coronary artery dissection after Bentall procedure performed for ascending aortic
aneurysm. Urgent percutaneous intervention using adjunctive coronary imaging was performed with excellent clinical recovery.
In this article, we highlight coronary artery dissection after Bentall procedure as a possible complication, provide an insight into
various options in its management, and review published data on iatrogenic coronary artery dissection. We also discuss the
challenges in percutaneous treatment of coronary artery dissection with special focus on intracoronary imaging for accurate
diagnosis and guidance in the management of this complex lesion.

1. Case Presentation

We present a 66-year-old Caucasian male with a history of
hypertension and chronic type A aortic dissection who was
found to have an enlarging aortic root measuring 5.2 cm in
diameter on an echocardiography done as part of surveil-
lance of aortic dissection repair done 9 years ago using a tube
graft with resuspension of the aortic valve (Figure 1). Echo-
cardiography was followed by CT aortography that showed
the aortic root measuring 6.0 cm× 5.4 cm in diameter. The
patient denied any symptoms and an elective surgical recon-
struction was planned. Preoperative coronary angiogram
showed normal coronary arteries.

The patient subsequently underwent modified Bentall
procedure. This involved graft replacement of the aortic root,
replacement of the aortic valve using a 27mm bioprosthesis

(St. Jude Medical Trifecta aortic bioprosthesis; St. Jude
Medical Inc., St. Paul, MN, USA), and reimplantation of
coronary arteries into the graft using the button technique.
Soon after sternotomy closure was done, he was found in
cardiac arrest with ventricular fibrillation intractable to
pharmacologic resuscitation and defibrillation. Mediastinal
reexploration was immediately performed revealing a fibril-
lating heart with no evidence of obvious bleeding or injury.
He was internally defibrillated, and normal sinus rhythm
was achieved. The patient was systemically heparinized and
stabilized with vasopressors and veno-arterial extra-
corporeal membrane oxygenation (VA-ECMO). Urgent
transesophageal echocardiography (TEE) was done that
showed a new, severe dilatation of the right ventricle along
with reduced ejection fraction but a normal left ventricle
(Figure 2). The prosthetic aortic valve was intact.
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A concern for iatrogenic injury to the coronary vessels
prompted an emergent coronary angiography which revealed
dissection of the right coronary artery (RCA) extending from
the ostium down to its distal segment, sparing the bifurcation
(Figure 3; see Video 1 in Supplementary Materials). The left
coronary artery was normal (see Video 2 in Supplementary
Materials). A 6-French JR4 guiding catheter was placed in
the ostium of the right coronary artery, and the dissection
plane was traversed antegradely with a workhorse coronary
guidewire (Prowater). Intravascular ultrasound (IVUS)
using the Volcano Eagle Eye IVUS catheter was performed

to ensure location of the wire in the true lumen distally,
evaluate the nature and extent of coronary dissection, and
select appropriate size of coronary artery stents. IVUS con-
firmed a spiral coronary dissection spanning between the
distal RCA and ostium and sparing the right posterolateral
and right posterior descending arteries (Figure 4). A
3.5× 32mm drug eluting stent (SYNERGY, Boston Scien-
tific) was placed in the distal segment followed by four
4.0mm drug eluting stents (SYNERGY, Boston Scientific)
in overlapping fashion under IVUS guidance that restored
TIMI-3 blood flow in the posterior descending and postero-
lateral branches of the right coronary artery (Figures 5(a),
5(b), and 6; see Videos 3–8 in Supplementary Materials).

His postoperative course was also complicated by a right-
sided pneumothorax which required chest tube drainage and

Figure 4: Intravascular ultrasound (IVUS) demonstrating the true
and false lumens of coronary artery dissection.

Figure 3: Catheterization showing a spiral dissection extending
from the ostium of the right coronary artery (RCA) down to its
distal segment, sparing the bifurcation.

Figure 1: A parasternal long axis view on transthoracic
echocardiography demonstrating an enlarging aortic root at 5.2 cm.

Figure 2: Transesophageal echocardiography post cardiac arrest
revealed severe right ventricular dilatation.

(a) (b)

Figure 5: Angiogram showing stent deployment in the right
coronary artery at the site of dissection as marked by white arrows
in panels (a) and (b).

Figure 6: Restoration of TIMI-3 blood flow in the posterior
descending and posterolateral branches of the right coronary
artery (RCA) following placement of multiple stents in the RCA.
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nonoliguric renal failure that were managed conservatively.
The patient’s clinical status showed marked improvement,
and by the fourth day postsurgery, he was extubated and
weaned off from hemodynamic support. A transthoracic
echocardiography one week later showed improved right
ventricular size and function (Figure 7). The patient was sub-
sequently transferred to rehab hospital where he had an
uneventful six weeks of cardiac rehabilitation. He was subse-
quently discharged home in a stable condition. He has been
doing well on follow-up.

2. Discussion

The Bentall procedure for management of aortic root dilata-
tion was first described in 1968 by Bentall and De Bono. This
involves surgical replacement of the ascending aorta and aor-
tic valve with composite tubular graft containing a prosthetic
valve followed by reimplantation of coronary arteries into
holes punched in the graft [1]. The Bentall procedure has
remained the procedure of choice for aortic root replacement
with a reported survival of 91.7% at 10 years [2]. The classical
Bentall procedure carries a risk of postoperative hemorrhage
and pseudoaneurysm formation [3, 4]. Over the years,
improvements and modifications have been proposed to
minimize complications [5–7]. Button reimplantation that
involves removal of a full-thickness “button” of the aorta sur-
rounding the coronary ostia and implanting them into the
openings made in the vascular graft is one technique that
has yielded excellent results [6, 8]. The disadvantages of this
technique include longer time required for dissecting out the
coronary ostia, especially the ostium of the left coronary
artery, and the risk of damage or occlusion of the left main
coronary artery, the circumflex artery, or the first septal per-
forator branch [6]. Moreover, with this technique, mobiliza-
tion of the coronary ostia is difficult and may require
additional sutures to the left coronary ostial anastomosis to
obtain hemostasis [6].

Reports regarding coronary artery dissection after the
Bentall procedure are lacking in literature. We describe the
first reported case of RCA dissection after the Bentall proce-
dure. We think that coronary artery dissection in our case
was probably related to either mechanical injury during
excision and reimplantation of the coronary buttons or from

instrumentation at the time of administration of cardiople-
gics into the coronary arteries [9].

We performed literature review in PubMed using the
search strategy “Iatrogenic[Title] AND Coronary[Title]
AND Dissection[Title].” This yielded 82 articles; out of
which, 38 articles had detailed information on the type of
management strategy for each patient with iatrogenic coro-
nary artery dissection and thus were selected for review. Four
of these articles were case series studies, and the rest were
case reports. We identified a total of 48 patients who suffered
iatrogenic coronary artery dissection (ICAD), 30 (62.5%) of
which were females. The age group with the most number
of patients reported (i.e., 29.2%) was 61–70 years. 47 patients
developed ICAD as a result of coronary angiography whereas
only one patient developed ICAD after a coronary artery
bypass graft (CABG) procedure. We did not find any case
of ICAD resulting from the Bentall procedure. 41 patients
had some form of intervention either with stent placement
(33 patients), CABG (6 patients), or both (2 patients)
whereas only 6 patients had conservative treatment as part
of the management of ICAD. One patient died before any
management strategy could be instituted. Dissection
occurred in the left coronary circulation in 32 (66.7%) and
right coronary circulation in 16 (33.3%) patients. Intracoron-
ary imaging with either intravascular ultrasound (IVUS) or
optical coherence tomography (OCT) was employed in 15
patients for evaluation and guidance in management. These
findings are summarized in Table 1. The details of the 38
selected articles are provided in tabulated form as a supple-
mentary item with this review (see “Articles selected in
systemic review” in Supplementary Materials).

The diagnosis of coronary artery dissection with angiog-
raphy alone can be arduous since an angiogram is a two-
dimensional luminogram and does not image the arterial
wall that is affected in coronary dissection [10]. Thus,
advanced imaging techniques in addition to angiography
are needed for accurately diagnosing and guiding manage-
ment [10]. Intravascular ultrasound (IVUS) and optical
coherence tomography (OCT) are two such diagnostic
modalities considered gold standard in accurately diagnosing
coronary dissection [10–12]. IVUS allows a deeper and lon-
ger assessment of vessels thus enabling adequate visualiza-
tion and better appreciation of the extent of intramural
hematoma as compared to OCT [10, 13]. This is because of
insufficient optical penetration and shadowing associated
with OCT [13]. However, OCT has a higher spatial resolu-
tion and is superior to IVUS in detecting intimal tears, false
lumen, and also intramural hematomas [13]. Amongst non-
invasive imaging studies, multislice computed tomography
(MSCT) is an attractive modality that can detect a double-
barreled coronary lumen or low-density signal surrounding
the lumen in an intraluminal hematoma; however, its utility
is limited by low spatial resolution that may diagnose proxi-
mal but not the distal vessel involvement [14, 15].

The overall management of ICAD is often dependent on
operator discretion and other clinical and patient variables
including the severity of dissection and hemodynamic stabil-
ity. A wide variety of management strategies that include
conservative management, percutaneous intervention (PCI),

Figure 7: Transthoracic echocardiography one week later showing
improvement in right ventricular size and function.
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emergent coronary artery bypass grafting, thrombolytic ther-
apy, and cardiac transplantation have been done [16–19].
However, percutaneous approach is still the preferred and
the quickest way to restore coronary flow and improve
hemodynamics in cases of ongoing ischemia [16, 20–25].
Treatment of coronary artery dissection with percutaneous
intervention is challenging. In one study, 28 (65%)
amongst 43 patients who underwent PCI for spontaneous
coronary artery dissection had technical success [26].

There are multiple reasons for suboptimal results associ-
ated with PCI in coronary artery dissection. First, with dis-
section, it is difficult to advance a guidewire into the true
lumen [27]. Second, there is a risk of extension of the intra-
mural hematoma in the forward or backward direction dur-
ing the procedure that may further jeopardize coronary
blood flow [27]. Moreover, depending on the location of
the dissection, stent deployment may be a demanding task
[27]. A dissection in a small vessel may not be amenable to
stent placement whereas a larger dissection even if stented
carries a risk of malapposition after the intramural hema-
toma has resorbed over time [27]. More often than not, the
dissection can be extensive, requiring longer stents and thus
increasing the risk of in-stent restenosis [27].

Some authors have recommended percutaneous inter-
vention techniques to improve results in patients with coro-
nary artery dissection. In case of a relatively focal lesion,
selection of a longer stent that spans across both the proximal
and distal edges of the lesion would be preferable [28]. This
will prevent extension of the intramural hematoma [28]. In
cases of longer lesions, deploying stent in the distal segment
followed by the proximal area and then the middle segment
of the dissection in order to prevent propagation of intramu-
ral hematoma has been advocated [28].

Intracoronary imaging modalities can be of great value
in guiding successful PCI. IVUS and OCT can be used to
identify true lumen, intimal tears and extent of the dissec-
tion, and intramural hematoma. They can ensure proper
placement of guidewire in the true lumen and help in
selecting the appropriate size of coronary stent and its
optimal deployment [29, 30]. Intracoronary imaging can
also verify adequate obliteration of the false lumen and
compression of the intramural hematoma after the stent
has been placed [29, 30]. Thus, in cases where there is sus-
picion of iatrogenic coronary artery dissection, we strongly
recommend IVUS as an important adjunct to achieve high
technical success rate while treating such complex lesions.

Table 1: Findings from literature review.

Number of patients (%)

Total number of patients

48 (100%)

Male 18 (37.5%)

Female 30 (62.5%)

Age group (in years)

31–40 4 (8.3%)

41–50 8 (16.7%)

51–60 11 (22.9%)

61–70 14 (29.2%)

71–80 10 (20.8%)

81–90 1 (2.1%)

Procedure complicating into ICAD
Coronary angiography 47 (97.9%)

CABG 1 (2.1%)

Territory involving the ICAD
Right coronary circulation 16 (33.3%)

Left coronary circulation 32 (66.7%)

Management strategy∗

Conservative management 6 (12.5%)

Stent placement 33 (68.7%)

CABG 6 (12.5%)

Both stent and CABG 2 (4.2%)

Intracoronary imaging

15 (31.2%)

IVUS 9 (18.7%)

OCT 6 (12.5%)

Follow-up/in-hospital course

Stable 38 (79.2%)

Death 2 (4.2%)

Exertional angina 1 (2.1%)

Aortic insufficiency 1 (2.1%)

Unknown outcome 6 (12.5%)

CABG: coronary artery bypass graft; ICAD: iatrogenic coronary artery dissection; IVUS: intravascular ultrasound; OCT: optical coherence tomography.
∗1 patient died before any intervention was decided.
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3. Conclusion

Iatrogenic right coronary artery dissection should be consid-
ered in patients with ventricular fibrillation and acute right
ventricular dilatation after Bentall procedure. Percutaneous
intervention along with intracoronary imaging is a useful
strategy to accurately diagnose and guide revascularization
in these cases.
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Supplementary Materials

(1) Spiral right coronary artery dissection (Video 1). (2) Nor-
mal left coronary artery (Video 2). (3) First stent deployment
(Video 3). (4) Second stent deployment (Video 4). (5) Third
stent deployment (Video 5). (6) Fourth stent deployment
(Video 6). (7) Final angiography showing Grade III TIMI
flow (Video 7). (8) Final angiography showing Grade III
TIMI flow (Video 8). (9) Articles selected in systemic review.
(Supplementary Materials)

References

[1] H. Bentall and A. De Bono, “A technique for complete replace-
ment of the ascending aorta,” Thorax, vol. 23, no. 4, pp. 338-
339, 1968.

[2] S. Gelsomino, G. Morocutti, R. Frassani et al., “Long-term
results of Bentall composite aortic root replacement for
ascending aortic aneurysms and dissections,” Chest, vol. 124,
no. 3, pp. 984–988, 2003.

[3] C. T. P. Lewis, D. A. Cooley, M. C. Murphy, O. Talledo, and
D. Vega, “Surgical repair of aortic root aneurysms in 280
patients,” The Annals of Thoracic Surgery, vol. 53, no. 1,
pp. 38–46, 1992.

[4] N. T. Kouchoukos, T. H. Wareing, S. F. Murphy, and J. B.
Perrillo, “Sixteen-year experience with aortic root replace-
ment,” Annals of Surgery, vol. 214, no. 3, pp. 308–320, 1991.

[5] T. Kazui, N. Kimura, O. Yamada, and S. Komatsu, “Surgical
outcome of aortic arch aneurysms using selective cerebral
perfusion,” The Annals of Thoracic Surgery, vol. 57, no. 4,
pp. 904–911, 1994.

[6] S. Aoyagi, K. Kosuga, H. Akashi, A. Oryoji, and K. Oishi,
“Aortic root replacement with a composite graft: results of
69 operations in 66 patients,” The Annals of Thoracic Surgery,
vol. 58, no. 5, pp. 1469–1475, 1994.

[7] T. E. David and C. M. Feindel, “An aortic valve-sparing oper-
ation for patients with aortic incompetence and aneurysm of
the ascending aorta,” The Journal of Thoracic and Cardiovas-
cular Surgery, vol. 103, no. 4, pp. 617–621, 1992.

[8] S. Westaby, T. Katsumata, and G. Vaccari, “Aortic root
replacement with coronary button re-implantation: low risk
and predictable outcome,” European Journal of Cardio-
Thoracic Surgery, vol. 17, no. 3, pp. 259–265, 2000.

[9] M. Anastasius, G. Hillis, and J. Yiannikas, “The left main com-
plication of the Bentall’s procedure,” Cardiology Research,
vol. 4, no. 6, pp. 199–202, 2013.

[10] J. Saw, “Coronary angiogram classification of spontaneous
coronary artery dissection,” Catheterization and Cardiovascu-
lar Interventions, vol. 84, no. 7, pp. 1115–1122, 2014.

[11] A. Maehara, G. S. Mintz, M. T. Castagna et al., “Intravascular
ultrasound assessment of spontaneous coronary artery dissec-
tion,” The American Journal of Cardiology, vol. 89, no. 4,
pp. 466–468, 2002.

[12] F. Alfonso, M. Paulo, N. Gonzalo et al., “Diagnosis of sponta-
neous coronary artery dissection by optical coherence tomog-
raphy,” Journal of the American College of Cardiology, vol. 59,
no. 12, pp. 1073–1079, 2012.

[13] M. Paulo, J. Sandoval, V. Lennie et al., “Combined use of OCT
and IVUS in spontaneous coronary artery dissection,” JACC
Cardiovascular Imaging, vol. 6, no. 7, pp. 830–832, 2013.

[14] P. Ohlmann, G. Weigold, S. W. Kim et al., “Images in cardio-
vascular medicine. Spontaneous coronary dissection: com-
puted tomography appearance and insights from
intravascular ultrasound examination,” Circulation, vol. 113,
no. 10, pp. e403–e405, 2006.

[15] B. C. Das Neves, I. J. Nunez-Gil, F. Alfonso et al., “Evolutive
recanalization of spontaneous coronary artery dissection:
insights from amultimodality imaging approach,” Circulation,
vol. 129, no. 6, pp. 719-720, 2014.

[16] J. Saw, E. Aymong, T. Sedlak et al., “Spontaneous coronary
artery dissection: association with predisposing arteriopathies
and precipitating stressors and cardiovascular outcomes,” Cir-
culation: Cardiovascular Interventions, vol. 7, no. 5, pp. 645–
655, 2014.

[17] J. Saw, E. Aymong, G. B. J. Mancini, T. Sedlak, A. Starovoytov,
and D. Ricci, “Nonatherosclerotic coronary artery disease in
young women,” The Canadian Journal of Cardiology, vol. 30,
no. 7, pp. 814–819, 2014.

[18] F. Alfonso, M. Paulo, V. Lennie et al., “Spontaneous coronary
artery dissection: long-term follow-up of a large series of
patients prospectively managed with a “conservative” thera-
peutic strategy,” JACC Cardiovascular Interventions, vol. 5,
no. 10, pp. 1062–1070, 2012.

[19] G. L. Higgins III, J. S. Borofsky, C. B. Irish, T. S. Cochran, and
T. D. Strout, “Spontaneous peripartum coronary artery dissec-
tion presentation and outcome,” Journal of American Board of
Family Medicine, vol. 26, no. 1, pp. 82–89, 2013.

[20] A. J. Black, D. L. Namay, A. L. Niederman et al., “Tear or dis-
section after coronary angioplasty. Morphologic correlates of
an ischemic complication,” Circulation, vol. 79, no. 5,
pp. 1035–1042, 1989.

[21] A. Cappelletti, A. Margonato, G. Rosano et al., “Short- and
long-term evolution of unstented nonocclusive coronary dis-
section after coronary angioplasty,” Journal of the American
College of Cardiology, vol. 34, no. 5, pp. 1484–1488, 1999.

[22] S. Hayman and S. Lavi, “Healing of iatrogenic coronary dissec-
tion and intramural hematoma: insights fromOCT,” The Jour-
nal of Invasive Cardiology, vol. 30, no. 1, pp. E12–e13, 2018.

[23] N. Djenic, B. Dzudovic, R. Romanovic et al., “Iatrogenic dis-
section of the left main coronary artery during elective diag-
nostic procedures: a report on three cases,” Vojnosanitetski
Pregled, vol. 73, no. 3, pp. 284–287, 2016.

[24] K. Onsea, P. Kayaert, W. Desmet, and C. L. Dubois, “Iatro-
genic left main coronary artery dissection,” Netherlands Heart
Journal, vol. 19, no. 4, pp. 192–195, 2011.

[25] A. R. Ihdayhid, A. J. Brown, D. McGaw, and B. Ko, “Threading
the eye of the needle: a challenging case of iatrogenic spiral

5Case Reports in Cardiology

http://downloads.hindawi.com/journals/cric/2018/3420721.f1.zip


coronary artery dissection,”Heart, Lung & Circulation, vol. 27,
no. 6, pp. e73–e77, 2018.

[26] M. S. Tweet, S. N. Hayes, S. R. Pitta et al., “Clinical features,
management, and prognosis of spontaneous coronary artery
dissection,” Circulation, vol. 126, no. 5, pp. 579–588, 2012.

[27] J. Saw, “Spontaneous coronary artery dissection,” The Cana-
dian Journal of Cardiology, vol. 29, no. 9, pp. 1027–1033, 2013.

[28] S. J. Walsh, P. P. Jokhi, and J. Saw, “Successful percutaneous
management of coronary dissection and extensive intramural
haematoma associated with ST elevation MI,” Acute Cardiac
Care, vol. 10, no. 4, pp. 231–233, 2009.

[29] C. Lim, A. Banning, and K. Channon, “Optical coherence
tomography in the diagnosis and treatment of spontaneous
coronary artery dissection,” The Journal of Invasive Cardiol-
ogy, vol. 22, no. 11, pp. 559-560, 2010.

[30] J. R. Arnold, N. E. J. West, W. J. van Gaal, T. D. Karamitsos,
and A. P. Banning, “The role of intravascular ultrasound in
the management of spontaneous coronary artery dissection,”
Cardiovascular Ultrasound, vol. 6, no. 1, p. 24, 2008.

6 Case Reports in Cardiology



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

