EARN CATEGORY | CME CREDIT by reading this article and the article beginning on page 22 and successfully
completing the posttest on page 49. Successful completion is defined as a cumulative score of at least 70%
correct. This material has been reviewed and is approved for 1 hour of clinical Category | (Preapproved) CME
credit by the AAPA. The term of approval is for 1year from the publication date of February 2010.

e Describe the etiology, classification, and screening for thoracic aortic aneurysms and thoraco-
abdominal aortic aneurysms, and their screening

@ Discuss the risk factors for rupture of these aneurysms

@ Review the surgical techniques and operative strategies used to treat these types of aneurysms

Indications and surgical strategy
for thoracic aortic aneurysm repair

Thoracic and thoracoabdominal aortic aneurysms are a challenging clinical situation. Rupture
is most often fatal, but a systematic approach to surgical repair can achieve a good outcome.

Debra Kleinschmidt, PhD, PA; Konstadinos Plestis, MD;
Panagiotis Housits, MD

urgical repair of thoracic aortic aneurysms (TAAs)
and thoracoabdominal aortic aneurysms (TAAAs)
are challenging procedures that require a system-
atic approach in order to prevent devastating com-
plications, especially ischemic spinal cord injury.
Advances in surgical technique and organ protection have
improved the outcomes of these procedures. Standardized
protective strategies, such as monitoring somatosensory
evoked potentials (SSEPs) and motor evoked potentials
(MEPs), mild hypothermia, distal aortic perfusion, GSF
drainage, spinal cord perfusion monitoring, and selective
implantation of segmental spinal cord arteries, also improve
outcomes. This article describes a current approach to TAA
and TAAA repair and analyzes the outcomes.
Classification of aneurysms Surgical repair of TAAs
and TAAAs were first performed in the early 1950s. His-
torically, the procedures are associated with a high mortality
rate and a significant risk of paraplegia and multiple organ
complications.! E. Stanley Crawford, MD, and colleagues
defined four classifications for TAAAs based on location
and the extent of the aneurysm? (Figure 1). According to the
Crawford classification, a type | aneurysm originates distal
to the left subclavian artery and involves the visceral arteries.
Type Il involves the entire aorta distal to the left subclavian
artery; type Ill involves the distal half of the descending
thoracic aorta and the entire abdominal aorta; and type IV
involves the infradiaphragmatic aorta. Types I and II are
associated with the highest rates of mortality and paraplegia.?
Treatment decisions are based on balancing the risk of
death from aortic rupture with the risk of mortality and com-  Thoracic aortic aneurysm distal to the left subclavian artery

B Left atrium
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plications from the procedure. Surgical results have improved
significantly over the past 10 years. Rupture of these aneu-
rysms is invariably fatal >* Prediction of the probability of
rupture may improve selection of patients for elective sur-
gery, as rupture rates in patients not treated surgically are
high, ranging from 21% to 74%.5¢

Specific risk factors that increase the likelihood of rupture
have been identified from studies of the history of TAAs
and TAAAs. An individualized yearly risk of rupture can
now be calculated based on specific dimensional and nondi-
mensional variables. Selected patients with an operative risk
that is significantly lower than the calculated risk of rupture
are candidates for elective surgery.” Of note, the Crawford
classification of aneurysms is commonly mistaken for the
DeBakey or Stanford aortic dissection classifications.

Primary care and screening Typically, aneurysms are
an incidental finding; a widening of the aorta is noticed on
plain radiography of the chest during a workup for some-
thing else. The presenting symptoms can be vague, espe-
cially in the case of a TAA. However, a history of Marfan
syndrome or Ehlers-Danlos syndrome is a reason to suspect
an aneurysm because the symptoms can be vague and con-
fused with chest, back, or abdominal pain; therefore, aortic
aneurysm should be included in the differential diagnosis.
A comprehensive history and astute physical examination
should assist in determining the likelihood of an aneurysm.
Once aneurysm is diagnosed or suspected, CT angiography
should be ordered to establish a definitive diagnosis and a
baseline for comparison over time. In addition, referral to
an aortic-thoracic surgeon is recommended.

RISK FACTORS FOR RUPTURE

Size and expansion rate The size of an aneurysm is a
major predictor of rupture. A review of the history of TAAs
found that rupture is much more likely to occur when an
aneurysm exceeds 5 cm in diameter, and risk of rupture
increases as the aneurysm expands. The probability of
TAAA rupture is 40% when the diameter is more than 7
cm, and 46% of patients with large aneurysms will die with-
in 5 years. Among patients with an aneurysm larger than 6
cm, the annual rate for rupture or dissection is 6.9% and for
death is 15.6%. The rate of aneurysm expansion is also a

KEY POINTS

significant variable. A fast rate of growth—more than 0.5 cm
per year—is considered to be an independent risk factor for
rupture. Elective surgery eliminates the risk of rupture and
restores survival to near normal.?

Smoking and chronic obstructive pulmonary disease
(COPD) In our multivariate analysis of nondissecting TAA
and TAAA, a history of COPD increased the odds of rup-
ture by a factor of 3.6 (P=.04). A history of smoking is a risk
factor for rupture; however, COPD has eclipsed smoking in

“Surgery 1s recommended for a
degenerative aneurysm if the risk
of rupture within 1 year exceeds
estimated surgical risks.”

several studies in which the two were reviewed in the same
multivariate analysis.>” Aneurysm growth was significantly
more rapid in smokers, justifying a recommendation for
smoking cessation to all patients with aneurysmal disease.’
Age The risk for aneurysm rupture increases with age.!
TAAs are more prevalent in males; however, the proportion
of women with TAAs increases with age, and nearly equals
that of males in the elderly. The relative risk of rupture in-
creased by a factor of 2.6 for every decade of life (P=.02).°
Pain The presence of pain in patients with TAA or
TAAA, even if it is vague and uncharacteristic, was associ-
ated with subsequent rupture. Our multivariate analysis
showed an odds ratio of 2.3 (P=.04).°
Hypertension A history of hypertension, specifically dia-
stolic hypertension, correlates highly with the imitial devel-
opment of an aneurysm.’” Treatment with beta-adrenergic
blocking agents and antihypertensive agents is recommend-
ed to minimize the progression of aneurysmal disease.*’
Renal failure Renal failure is a risk factor for rupture
of any aortic aneurysm—thoracic, thoracoabdominal, or
abdominal.>*!! In our own study, however, renal failure did
not emerge as a significant risk factor for aneurysm rupture.
Continued on page 46

W Surgical repair of thoracic aortic aneurysms and thoracoabdominal aortic aneurysms require a systematic approach in order to prevent

devastating complications, especially ischemic spinal cord injury.

W Treatment decisions are based on balancing the risk of death from aortic rupture with the risk of mortality and complications from the

procedure.

W Some persons with peripheral vascular disease and persons who are at high risk for complications from cardiopulmonary bypass are

possible candidates for endovascular repair.

B Thrombotic or atheromatous debris dislodging into segmental vessels may result in embolization to small end vessels within the spinal
cord. This possible mechanism of injury to the spinal cord offsets the benefits of an endovascular repair. Perceived benefits of this
procedure are the absence of any aortic occlusion and less hemodynamic instability.
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CHRONIC DISSECTIONS VERSUS

DEGENERATIVE ANEURYSMS

Aneurysms in patients with known connective tissue dis-
orders, particularly Marfan syndrome and Ehlers-Danlos
syndrome, are more likely to rupture than are aneurysms
in patients who do not have connective tissue disorders.
Patients with a family history of dissection and/or rupture
may be particularly at risk.

Evaluations of patients who experienced rupture revealed
that those with chronic Stanford type B dissection had
smaller maximal diameters in the descending aorta before
rupture than patients with a degenerative aneurysm. Aortic
diameter in patients with chronic dissection was a median
of 5.4 cm versus 5.8 cm in patients with degenerative aneu-
rysms (P=.05).0!1

An equation for estimating the probability of rupture
within 1 year that incorporates the patient’s age, history
of COPD, presence of pain, and the maximal thoracic
and abdominal aneurysm diameters was developed®*!?
(Figure 2). Surgery is recommended for patients with de-
generative aneusyms if the risk of rupture within 1 year
exceeds estimated surgical risks.

SURGICAL TECHNIQUE

The surgical technique utilized in our study was as fol-
lows. The patient is placed in the standard thoracoab-
dominal position. A double-lumen endotracheal tube is
placed to isolate the left lung. A right radial arterial line,
a right common femoral line, and a pulmonary artery
catheter are established for continuous monitoring of BP
and heart function during the procedure. Intraoperative
transesophageal echocardiography (TEE) provides excel-
lent imaging of the left ventricle for monitoring the ejec-
tion function. TEE is also used to assess heart function

o Typel Typell
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FIGURE 1. Crawford classifications of thoracoabdominal
aortic aneurysm
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“Careful attention to perfusion
variables 1s important to maintain
adequate blood flow to the spinal
cord via the collatoral network.”

before stopping and after rewarming/restarting. A spinal
catheter is placed to monitor GSF pressure during the
procedure; monitoring is continued for 72 hours after
surgery. Intraoperative SSEP/MEP monitoring is utilized
to monitor perfusion. SSEP monitoring is continued for
12 hours after surgery. Distal aortic perfusion is used in
most patients; however, full cardiopulmonary bypass and
deep hypothermic circulatory arrest are required when
the proximal clamp cannot be placed.

The aorta is accessed via a left thoracotomy or thoraco-
abdominal incision. The diaphragm is divided circumfer-
entially, and the infradiaphragmatic aorta is exposed via a
retroperitoneal approach. The diseased aorta is replaced
with a Dacron hemashield graft using a sequential clamping
technique. If needed, the visceral arteries are reimplanted
using a separate trifurcation graft.

SPINAL CORD PROTECTION

The most devastating complication of surgical interven-
tion for TAA and TAAA is paraplegia. In 1993, Svensson
and colleagues reported on a series of 1,509 patients who
underwent surgical resection of TAA and TAAA; the over-
all incidence of paraplegia or paraparesis was 16% (234)."*
Significant predictors (P<.05) of paraplegia or paraparesis
were total aortic clamp time, extent of aorta repaired, aortic
rupture, patient age, proximal aortic aneurysm, and a his-
tory of renal dysfunction.

Major improvements have been made in mortality and
paraplegia rates. Our clinical approach to TAAA resection is
dictated by the hypothesis that spinal cord perfusion depends
on an integrated collateral network that supplies input from
the subclavian, hypogastric, and intercostal arteries, rather
than the presence of a single major spinal artery.

The influence of hypothermia in decreasing the metabolic
demands of the spinal cord has been assessed. In a pig, ex-
tensive ligation of segmental arteries can be achieved when
using spinal cord monitoring and a moderate degree of
hypothermia. Careful attention to perfusion variables is
important to maintain adequate blood flow to the spinal
cord via the collateral network. In addition, maintaining
an intrathecal pressure of less than 10 cm H,O with CSF
drains allows for optimal reduction of flow resistance within
the spinal cord.™*

Moderate systemic hypothermia, distal aortic perfusion,
CSF drainage, SSEP/MEP monitoring, guided segmental
artery ligation, and continuous measurements of spinal cord
perfusion pressure are key factors of spinal cord protection.



Intraoperative SSEP/MEP monitoring allows for immediate
interventions if perioperative changes in perfusion occur.

Distal aortic perfusion During cross-clamping of the
TAA, blood can be directed in the distal aorta with the
use of a bio-pump system (Bio-Medicus Perfusion System;
Medtronic, Minneapolis, Minnesota). Inflow into the bypass
circuit is usually via the right atrium, outflow into the dis-
tal aorta is achieved most frequently via the left common
femoral artery. Distal aortic perfusion is necessary because
the hypogastric arteries are an important source of collateral
blood supply to the spinal cord. The femoral artery pres-
sure is monitored in order to maintain optimal distal aortic
perfusion, hence spinal cord perfusion. Generally, flow
rates of 2 to 3 L/min are necessary to achieve a distal mean
arterial pressure of 60 to 80 mm Hg. The efficacy of distal
perfusion in reducing paraplegia following extensive TAAA
resection has been documented. Simultaneous maintenance
of selective perfusion of the visceral arteries may have a
beneficial effect in preventing renal insufficiency as well
as liver and intestinal injury, which can potentially lead to
severe coagulopathy and multisystem organ failure.

Pharmacologic agents Almost all resection techniques
for TAAs and TAAAs involve some unavoidable intervals
of cord ischemia. Perioperative administration of corti-
costeroids can increase spinal cord tolerance to ischemia.
Mannitol (Osmitrol, generics) and naloxone may have ben-
eficial effects.”®

Passive hypothermia Moderate hypothermia (32°C)
has been shown to decrease the metabolic demands of the
spinal cord, thereby increasing tolerance to spinal cord isch-
emia from 20 to 50 minutes in pigs.*® Longer ischemic inter-
vals can be tolerated at lower temperatures, as evidenced by
the protective effect of profound hypothermia on the spinal
cord during repair of extensive TAAA."!8

CSF drainage The titration of CSF drainage is proven
to decrease postoperative spinal cord ischemia. However,
excessive CSF drainage can create significant CNS com-
plications. Invariably, CSF is drained at a rate of 10 cc/h to
keep the pressure below 10 mm Hg.

Spinal cord monitoring SSEP and MEP changes can be a
sensitive indicator of spinal cord ischemia during TAA and
TAAA repair.’ Continuous monitoring of spinal cord func-
tion during these procedures and in the immediate postop-
erative period is essential to reduce the risk of neurologic
injury.?’ In most cases, when cord ischemia is detected by
SSEP or MEP monitoring during the surgical procedure, it
can be corrected by raising the arterial pressure or decreas-
ing the CSF pressure. Reimplantation of intercostal arteries
may be necessary in select patients. Monitoring the spinal
cord perfusion pressure by direct cannulation of the L1
segmental artery allows for continuous perioperative assess-
ment of collateral network adequacy.

Segmental vessel reimplantation Reimplanting the
segmental vessels as a means of reducing the incidence of
spinal cord injury appears to be physiologically sensible.
However, in a recent series of 100 TAA and TAAA resec-

tions, the incidence of paraplegia was only 2% when the
segmental vessel originating from the aneurysm sac was
ligated before opening the aorta.'® Perioperative SSEP/
MEP monitoring can identify those patients in whom spi-
nal cord blood flow relies on the segmental arteries. In these
cases, a separate graft to reimplant T8-L1 segmental arteries
is recommended.

Our recent experimental data shows that metabolic and
hemodynamic manipulation should enable routine sacrifice of
all segmental arteries without injuring the spinal cord.* This
becomes significant when a stent graft is used to treat a TAA.

Postoperative hemodynamic stability Large volumes
of fluid are routinely administered during TAA or TAAA
repair in order to maintain an adequate preload and avert
possible spinal cord ischemia.?? High perfusion pressures
enhance spinal cord perfusion through the collateral net-
work; therefore, maintaining a mean arterial pressure of 85
to 95 mm Hg during the immediate postoperative period is
recommended. Maintaining normal hematocrit levels and
careful attention to ventilation and oxygenation maximizes
oxygen delivery.

Spinal cord injury can also occur during the postopera-
tive period. Systemic hypotension can cause inadequate
spinal cord perfusion. Delayed paraplegia can be prevented
by maintaining systemic BP, keeping the mean arterial
pressure at 85 to 95 mm Hg, prompt CSF drainage via the
established spinal catheter, and fluid management.

ENDOVASCULAR REPAIR

Endovascular prostheses received FDA approval as an alter-
native to open aneurysm repair in 1999. Some persons with
peripheral vascular disease and persons who are at high risk
for complications from cardiopulmonary bypass are pos-
sible candidates for endovascular repair. Each surgical insti-
tution has its own criteria for patient selection. Criteria for
determining the medical necessity for an endovascular stent
in the descending aorta include adequate iliac and femoral
access, an aortic diameter of 23 to 37 mm, and at least 2

cm of nonaneurysmal aorta on both ends of the aneurysm.
Many TAAs and TAAAs are not anatomically suitable for
endovascular repair. The final decision is based on an indi-
vidualized balance of the risks and benefits.

Continued on page 48

Ln A =-21.055 + (0.0093 X age) + (0.841X pain) +
(1.282 < COPD) + (0.643 x desc dia) + (0.405 X abd dia)

Probability of rupture within 1 year = 1—e G

FIGURE 2. Formula for calculating the probability of rupture of
a degenerative thoracic aortic aneurysm™?
Key: Abd dia, maximal abdominal aortic diameter in cm; age, in years; COPD, chronic ob-

structive pulmonary disease (O=absent, 1=present); desc dia, maximal descending aortic
diameter in cm; and pain, O=absent, 1=present.
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Endovascular treatment of TAAs and TAAAs usually
precludes segmental vessels within the stented segment
from contributing to spinal cord blood supply, resulting in
sudden complete occlusion of a large number of segmen-
tal vessels at normothermic temperatures. Thrombotic or
atheromatous debris dislodging into segmental vessels may
result in embolization to small end vessels within the spinal
cord. This possible mechanism of injury to the spinal cord
offsets the benefits of an endovascular repair. The perceived
benefits of endovascular repair are the absence of any aortic
occlusion and less hemodynamic instability. A recent review
found that the incidence of spinal cord injury after endo-
vascular repair of either all or a portion of the descending
thoracic aorta is 2.7%, which is equivalent to the current
outcomes of open aneurysm resection.”

OUR RESULTS
Our study included 219 patients who underwent TAA
repair (n = 79; 36%; 23 procedures were elephant trunk
completions) and TAAA repair (n = 140; 64%) between
June 2002 and June 2005 at Mt Sinai Hospital (130 proce-
dures) and Montefiore Hospital (89 procedures), both in
New York, New York. The mean age of the patients was
63.8 years (range, 18-88 years). Preoperative risk factors
included a history of hypertension (212 patients), a history
of smoking (110), GOPD (53), a history of cerebrovascular
accident (34), chronic renal insufficiency (27, 8 of whom
required preoperative hemodialysis), and insulin-dependent
diabetes mellitus (24). In all, 144 patients underwent elec-
tive surgery because of enlargement of a known aneurysm,
34 patients had urgent surgery, and 41 patients underwent
emergent repairs because of rupture. Fifty-two percent of the
TAAASs were classified as Crawford I, 10% were Crawford
I1, 11% were Crawford III, and 7% were Crawford IV.
Four patients developed postoperative paraplegia. Postoper-
ative MI occurred in five patients, and 13 patients suffered a
postoperative stroke. Sixty patients experienced respiratory
complications with prolonged postoperative ventilation (longer
than 48 hours); 24 patients required a tracheostomy. Eight
patients had acute renal failure requiring postoperative dialy-
sis; Table: Postoperative complications and hospital stay,
stratified by institution (in the online version of this article)
summarizes our results. Mortality rates were 5.1% (4 of 79) for
TAA repair and 6.4% (9 of 140) for TAAA repair.

CONCLUSION
Surgical repair of TAAs and TAAAs can achieve acceptable
mortality and morbidity outcomes when a multidisciplinary

ON THE WEB
—h » Table: Postoperative complications and
hospital stay, stratified by institution
' Please see the online version of this article at

www.jaapa.com for this enhancement.
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approach to surgery and posteroperative care is used. Organ-
specific protective measures should be used to prevent post-
operative complications. In addition, using specific variables
to calculate the risk of rupture can identify those patients
who will derive the most benefit from undergoing extensive
repair procedures. JAAPA
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TABLE. Postoperative complications and hospital stay, stratified by institution

Percentage of study population

Postoperative complication Total (n = 219) Mt Sinai (n = 130) Montefiore (n = 89)

+ Paraplegia 2% 2% 2%
« Stroke 6% 5% 8%

» Repeat thoracotomy needed 8% 8% 8%

Length of hospital stay in days (range) 11 (6-35) 11 (6-29) 11 (5-40)




