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Video clip is available online.
Multiple organ systems must be managed after
thoracoabdominal aortic aneurysm repair.

CENTRAL MESSAGE

Thoracoabdominal aortic aneu-
rysm repair is a technically
demanding cardiothoracic surgi-
cal procedure. Diligent postop-
erative care is required for
successful surgical outcomes.

See Commentary on page 706.
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FUNDAMENTALS OF POSTOPERATIVE CARE
The fundamentals of operative techniques of thoracoab-

dominal aortic aneurysm repair (TAAAR) have been
described in detail.1,2 On the patient’s arrival in the inten-
sive care unit (ICU), a sign-out should include intraopera-
tive details: repair extent (Figure 1), cardiopulmonary
tolerance of the procedure, concomitant procedures, renal-
and mesenteric-vessel management, degree of bleeding,
and distal vascular pulse findings obtained before the pa-
tient leaves the operating room. To prevent complications
related to spinal cord deficit (SCD), acute kidney injury
(AKI), and respiratory failure, vital signs are monitored,
focusing on core temperature, mean arterial pressure
(MAP), central venous pressure (CVP), pulmonary arterial
(PA) pressures, and cardiac output (Table 1 and Video 1). To
avoid hypotension and postoperative SCD, volume resusci-
tation is guided by invasive monitoring to achieve a CVP of
8 to 12 mm Hg or a diastolic PA pressure>12 mm Hg.
POSTOPERATIVE CONSIDERATIONS
Neurologic

As the patient awakens from anesthesia, any focal neuro-
logic deficit requires prompt imaging to exclude hemor-
rhage. The overall incidence of permanent stroke after
TAAAR is low (2%) in our experience3; it is greater
(9%) after the rare (1.5%) cases requiring hypothermic cir-
culatory arrest.4 However, Kouchoukos and colleagues5 had
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a 3.7% stroke incidence with routine hypothermic circula-
tory arrest.
Spinal cord deficit. A critical focus of post-TAAAR man-
agement is minimizing the risk of SCD (paraplegia or para-
paresis). The incidence of temporary (2.4%) and permanent
(5.4%) SCD is influenced by TAAAR extent: Permanent
SCD is more frequent after the more extensive extent II
(8.0%) and extent III (7.0%) repairs than after extent I
(3.4%) and extent IV (2.4%) repairs.3 Intraoperative strate-
gies to prevent SCD include left heart bypass in extent I
and II TAAAR patients6 and cerebrospinal fluid (CSF)
drainage in extent I, II, and selected extent III patients.7,8

For TAAAR, CSF drainage is recommended in the Amer-
ican (Class IB)9 and European (Class IIA)10 guidelines.
Over the past decade, our CSF drain use has been as fol-
lows: extent I (97%), extent II (98%), extent III (77%),
and extent IV (36%). Before elective and (whenever
possible) emergency repairs, a 14-G needle is inserted
into a lower lumbar interspace (L3-L4 or L4-L5), and the
rdiovascular Surgery c Volume 161, Number 2 699
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FIGURE 1. Crawford classification of the extent of thoracoabdominal

aortic aneurysm repairs. The risk of spinal cord deficit is greatest with

extent II and III aneurysms.
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 CSF drain is advanced until CSF is obtained11; this is done

in the operating room by senior anesthesiologists after anes-
thesia is induced. If blood is encountered during CSF drain
placement, we either defer the case (if it is elective) or
TABLE 1. Summary: goals of postoperative management

Organ/system Goals

Vital signs Restore normothermia

Brain Recognize focal neurologic deficits

Spinal cord Mean arterial pressure 85-100 mm Hg

CSF drainage<15 mm Hg

Lower-extremity movement

Pulmonary Lung-protective ventilation

Vocal cord function

Cardiovascular Central venous pressure 8-12 mm Hg

Pulmonary artery diastolic pressure

12-16 mm Hg

Cardiac index �2.2 L/min/m2

Restore sinus rhythm

Renal, fluids, electrolytes Adequate resuscitation; crystalloid

at 1.5-2.0 mL/kg/h

Prevent acute kidney injury

Gastrointestinal Return of bowel function

Hematologic Hemoglobin 9.5-10.5 g/dL

Platelets �100,000

International normalized ratio �1.6

Fibrinogen �200,000

CSF, Cerebrospinal fluid.
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postpone drain placement until after TAAAR in the oper-
ating room. Similarly, if the patient is hemodynamically un-
stable, then drain placement is deferred until after TAAAR.
Other centers may place the CSF drain under fluoroscopic
guidance; we selectively use that approach in patients
with previous lumbar fusion surgery or Harrington rods
(eg, Marfan patients).

Spinal cord perfusion pressure is the difference between
systemic MAP and CSF pressure; its goal value is>65 mm
Hg. Postoperatively, the target MAP is 85 to 100 mm Hg,
greater in patients with greater baseline hypertension or
more extensive renal/visceral artery reconstruction. Other
high-volume centers have slightly different MAP goals
(eg, 75-85 mm Hg at the University of Pennsylvania,12

80-90 mm Hg at Mount Sinai13). Adequate volume resusci-
tation, guided by CVP and PA pressure, is critical, after
which MAP must be maintained above 85 mm Hg with
norepinephrine and vasopressin infusions. Severe, uncon-
trolled hypertension (MAP>120 mmHg) can cause anasto-
motic bleeding, resulting in catastrophic hemorrhage,
hypotension, emergency surgical salvage, and death. To
avoid exceeding 115 to 120 mm Hg, nicardipine is our
first-choice vasodilator, followed by esmolol. One should
Interventions

Warmed fluids, patient-warming devices

Diagnostic imaging as needed

Volume resuscitation

Vasopressors (norepinephrine, vasopressin) or vasodilators

(nicardipine, esmolol)

Hourly check of CSF pressure and drainage as needed (<10 mL/h)

Neurologic exam checks

Suspect spinal cord deficit (Figure 2)

Ventilator adjustment

Direct laryngoscopy if vocal cord dysfunction suspected

Injection laryngoplasty if movement impaired

Volume resuscitation

Volume resuscitation

Epinephrine, dobutamine infusion

Amiodarone, cardioversion

Check serum lactate, base deficit, urine output

Adequate volume and mean arterial pressure, rounding with

pharmacy, medication adjustments, avoid nephrotoxins/contrast,

avoid subclavian and peripherally inserted central catheters

Nasogastric tube, cautious advancement of diet

Transfusion as needed
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VIDEO 1. Dr. Chatterjee highlighting the major postoperative consider-

ations after thoracoabdominal aortic aneurysm repair. These include resus-

citation, efforts to reduce the risk of spinal cord deficit, maintaining

adequate hemodynamics, and strategies to reduce pulmonary and renal

complications. Video available at: https://www.jtcvs.org/article/S0022-

5223(20)30201-4/fulltext.
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be vigilant about delayed SCD, given the catastrophic risks of
permanent disability and death.14 Up to 60% of temporary
SCD cases follow a hypotensive episode, and symptoms
can arise up to 27 days after TAAAR.15 In our study of
NoYes

Yes

Has the neurologic deficit resolved?

Delayed Spinal Cord Defi

Continue CSF drain for 48 hours
after normal neuro function

1. Aim for CSF pressure <10-15mmHg
    and maximum drainage 10-15 cc/hr
2. Target MAP 100-115 mmHg
3. Volume resuscitation to CVP>12mmHg,
    PADP>16mmHg, Hemoglobin>10g/dL.

1. Consider Lidocain
2. Consider Magnesi

1. Dexamethasone 10 mg
2. Mannitol 12.5 g IV q 12

FIGURE 2. Coselli/Baylor management algorithm for spinal cord deficit after T

recovery. TAAA, Thoracoabdominal aortic aneurysm repair; MAP, mean arteria

pressure; PADP, pulmonary artery diastolic pressure.
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1114 extent II procedures, 39 patients (3.5%) developed de-
layed persistent paraplegia or paraparesis; of these events,
45% occurred within 2 days after surgery and 35% during
postoperative days 3 to 5, suggesting patients are most vulner-
able soon after surgery.16 In a series fromWashingtonUniver-
sity, the average MAP of patients with delayed SCD was
74 mm Hg at diagnosis and 95 mm Hg at recovery.12 More-
over, The University of Texas/Memorial Hermann group
observed that even a 15-mm Hg fluctuation in systolic blood
pressure over 24 hours tripled the delayed SCD risk.17

Causes of unexplained relative hypotension (eg,
bleeding, excessive diuresis, dysrhythmias, vasodilatory/
septic shock) should be investigated. Others13 have
routinely used 48 to 72 hours of glucocorticoids; we have
not. The patient’s hemoglobin level is kept at 9.5 to
10.5 g/dL with packed red blood cell transfusions. In pa-
tients with a prolonged ICU course and without signs of
SCD, the transfusion threshold is lowered to a hemoglobin
level of 8.5 to 9.5 g/dL.
The TAAAR is performed with permissive hypothermia

near 32�C; patients typically arrive in the ICU at 33�C to
34�C. Gradual rewarming to normothermia is continued
with a whole-body Bair Hugger (3M, St Paul, Minn) and
resuscitation with warmed intravenous fluids and blood
YesNo

No

Has the neurologic deficit resolved?

Is a CSF Drain in place?

Confirm MAP 90-100mmHg

Continue CSF drain for 48 hours
after normal neuro function

1. Immediate CSF drain placement
2. Aim for CSF pressure <15mmHg
3. Target MAP 100-115mmHg while waiting
    for CSF drain
4. Volume resuscitation to CVP>12mmHg,
    PADP>16mmHg, Hemoglobin>10g/dL
    while waiting for CSF drain

cit after TAAA Repair

e 100mg IV
um Sulfate 4g IV

 IV q 12 hrs × 48 hrs.
 hrs × 48 hrs.

AAA repair. Aggressive intervention can increase the chance for successful

l pressure; CSF, cerebrospinal fluid; IV, intravenous; CVP, central venous
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products. Extubating shivering patients can lead to demand
ischemia, decreased cardiac output, and SCD risk. As warm-
ing proceeds, clinicians should anticipate systemic vasodila-
tion, which can lower venous return and MAP. We avoid
treatingmoderate hypertension during the patient’s hospital-
ization and recommendwaiting 4 to 6 weeks postoperatively
before resuming strict hypertension management.

Postoperatively, the CSF pressure is typically kept at
<15 mm Hg. We avoid draining CSF at>150 mL/24 h,
>25 mL/4 h, or>10 mL/h. This is comparable with the Uni-
versity of Pennsylvania’s target pressure of �12 mm Hg.12

The baseline CSF pressure and amount drained should be
discussed with anesthesiology. We have seen catastrophic
cases of subdural hematoma, subarachnoid hemorrhage,
and other central nervous system bleeds from excessive
drainage.

If signs of paraplegia or paraparesis appear, rescue mea-
sures must be initiated (Figure 2) as follows: Immediately
confirm the MAP is 90 to 100 mm Hg. If the CSF drain
has been removed, an anesthesiologist is immediately con-
sulted for a new CSF drain while other adjunctive measures
are started. The target CSF pressure is lowered to<15 mm
Hg, and the CSF drainage rate is cautiously increased to 10
to 15 mL/h, with a maximum of 50 mL/4 h. The patient is
placed in the Trendelenburg position, and the following
are increased: target MAP to 100 to 115 mm Hg, CVP to
>10 to 12 mm Hg, and hemoglobin level to >10 g/dL.
The CVP should not be excessively increased because this
could raise intracerebral and CSF pressure.

Ours and other high-volume TAAAR centers have de-
layed-paraplegia–management algorithms. The University
of Texas/Memorial Hermann group’s ‘‘COPS’’ protocol
(C ¼ CSF drain status, O ¼ oxygen delivery, PS ¼ patient
state)18 differs subtly from our protocol: Their target CSF
pressure (<5mmHg) is lower than ours, we remove the drain
before the 5 days recommended in the COPS protocol, and
our goal hemoglobin level (10 g/dL) is lower than the
COPS protocol’s>12 mg/dL target. The University of Penn-
sylvania group aims for MAP of 90 to 100 mm Hg and CSF
pressure<10 mm Hg.12 Nevertheless, the fundamental prin-
ciples are similar: increase spinal cord perfusion pressure
and maximize oxygen delivery. Once spinal cord ischemia
is suspected, intravenous mannitol (12.5 g) and dexametha-
sone (10 mg) are given every 12 hours for 48 hours. If symp-
toms do not improve after CSF drain placement and
increasing target MAP and volume resuscitation, single
rescue doses of intravenous lidocaine (100 mg) and magne-
sium sulfate (4 g)may be administered. TheCleveland Clinic
group has used intrathecal papaverine with encouraging re-
sults,19 and anecdotal reports describe successful hyperbaric
oxygen therapy and hypothermia.20 Others have described
acetazolamide reducing CSF production after TAAAR,
which seems reasonable for treating delayed SCD.21 Para-
plegia lasting beyond 24 to 48 hours is probably permanent.
702 The Journal of Thoracic and Cardiovascular Surg
Permanent SCD necessitates measures to avoid venous
thromboembolism and manage bowel and bladder dysfunc-
tion. Because there is little high-quality evidence of success-
ful postoperative strategies to prevent or treat delayed
paraplegia, clinical trials are warranted, which would prob-
ably be instructive for both open and endovascular thoracic
aortic surgery.

The CSF drain is typically removed 48 to 72 hours post-
operatively with a reliable neurologic examination. Prox-
imal leg strength is assessed by raising the knee off the
bed; simple foot dorsiflexion or hip rotation is insufficient.
If the patient requires prolonged ventilation, then the drain
may remain for 72 to 96 hours. The CSF drain is clamped
for 6 hours before removal, followed by 4 hours of bed
rest with frequent neurologic assessments. Complications
of CSF drainage include post–dural puncture headaches
and a bloody drain. Headaches, which about 10% of patients
experience, are initially managed with caffeine ingestion. In
a previous study from our institution, approximately one
third of patients needed an epidural blood patch within 24
to 48 hours after drain removal.22 Patients with Marfan syn-
drome were more than twice as likely to have post–dural
puncture headache requiring a blood patch for relief. As 2
other high-volume centers have reported, the incidence of
bloody CSF drain is 3% to 5%, with a 1% to 2% incidence
of drain-related neurologic complications.23,24 The drain is
removed if it becomes bloody. Asymmetric weakness not
attributable to incisional pain is evaluated with computed to-
mography (CT) or magnetic resonance imaging for spinal
hematoma, which may require neurosurgical consultation
and evacuation. Finally, in our experience, 2.8% of patients
developed intracerebral hemorrhage, most commonly sub-
dural hematoma (1.9%).3 Severe headache with nausea or
vomiting warrants emergency CT evaluation for possible
subdural hematoma and neurosurgical intervention.22

Respiratory
After TAAAR, patients are brought to the ICU with the

double-lumen endotracheal tube should surgical re-
exploration be necessary. We expect ventilator liberation
within 24 to 48 hours. If that appears unlikely, the anesthe-
siologist replaces the double-lumen tube with a single-
lumen one. We begin initial ventilation at 8 mL/kg of
predicted body weight and transition rapidly to lung-
protective ventilation of 6 mL/kg. These strategies are
also optimum for the management of pulmonary contusion,
of which there is a variable degree on the left side. We
routinely perform bronchoscopy when a single-lumen
endotracheal tube is in place for copious secretions or radio-
graphic indications. Successful extubation strategies may
include noninvasive ventilation, bilevel positive airway
pressure to prevent hypercarbia, and high-flow oxygen (Va-
potherm, Exeter, NH) through a nasal cannula25 to prevent
hypoxemia. Significant fluid resuscitation may cause
ery c February 2021
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airway swelling, so vigilance is required for postextubation
stridor and respiratory distress; overall, up to 15% of pa-
tients post-TAAAR require reintubation.3,26 For patients
with prolonged ventilation, daily spontaneous breathing tri-
als are planned to facilitate liberation from mechanical
ventilation. In our experience, approximately 11% of pa-
tients do not achieve ventilator liberation within 2 weeks,
necessitating tracheostomy; of these, 28% have early (oper-
ative) mortality.27 In extreme cases of postoperative respira-
tory failure, we have resorted to independent lung
ventilation or extracorporeal membrane oxygenation.28

Chest tubes are removed when serous drainage is less
than 150 mL/d and without evidence of blood, chyle, or
air leak.

Early mobilization and physical therapy are vital in all
patients, including intubated patients. Our initial analgesia
strategy includes intravenous acetaminophen, opioid-
based patient-controlled analgesia, lidocaine patches, gaba-
pentin, and tramadol, with the goal of minimizing opioid
usage before discharge.

After extubation, if cough and voice quality are
abnormal, an otorhinolaryngologist performs direct laryn-
goscopy to assess the vocal cords. About 25% of patients
with extent I and II TAAAR have vocal cord movement
impairment (VCMI)3 because of the left recurrent laryngeal
nerve’s proximity to the proximal cross-clamping site. The
resultant glottal incompetence from VCMI can cause a
breathy voice and impair cough, thereby increasing aspira-
tion and pneumonia risk.29 Approximately one quarter of
patients with VCMI will require reintubation. Awake,
bedside transcervical injection laryngoplasty with absorb-
able gelatin powder is performed for VCMI to improve
glottal gap closure within a few days of discovery to
improve pulmonary toilet.30 A bedside swallow evaluation
determines diet advancement.

Cardiovascular
We use a PA catheter for 24 to 72 hours in all patients. If

maintaining a cardiac index >2.2 L/min/m2 requires
inotropic support, epinephrine is the preferred agent for
augmenting cardiac output and blood pressure. Dobutamine
is our second choice; milrinone is avoided for its systemic
vasodilatory effects. Patients with significant left ventricu-
lar hypertrophy need adequate preload and sufficient time
in diastole to avoid tachycardia for optimal hemodynamics.
In general, we monitor cardiac output, mixed venous oxy-
gen saturation, urine output, and serum lactate to guide
resuscitation.

In our experience, the incidence of atrial fibrillation was
23%; age and need for visceral perfusion were the only pre-
dictors.31 Atrial fibrillation and loss of the atrial kick may
cause hypotension, risking delayed SCD. To avoid hypoten-
sion, we prefer a rhythm control strategy with amiodarone
over rate control. Although longer-term use (weeks to
The Journal of Thoracic and Ca
months) of amiodarone is inadvisable for patients with mar-
ginal pulmonary function, short-term use is reasonably
tolerated, with low risk for amiodarone pulmonary
toxicity.32 Timely conversion to sinus rhythm is advised;
consequently, early electrical cardioversion should be
considered.
The lower-extremity pulse should be palpated for limb

ischemia. Asymmetric changes should be promptly evaluated
with Doppler ultrasonography. Early and aggressive endovas-
cular intervention may be necessary for limb salvage, with
lower extremities monitored for compartment syndrome.

Renal, Fluids, and Electrolytes
Strategies to reduce SCD risk—greater MAP and vol-

ume resuscitation—overlap with AKI prevention. We
have found that developing moderate AKI adversely af-
fects survival.33 Typically, crystalloid fluid resuscitation
is started at 1.5 to 2.0 mL/kg/h and decreased after
24 hours, guided by standard resuscitation parameters. Pa-
tients commonly have a 6- to 8-L positive fluid balance in
the first 48 to 72 hours. We use diuretics cautiously to
avoid sudden hypovolemia and resultant hypotension risk-
ing SCD. Low-dose loop diuretic infusions may be consid-
ered. Nevertheless, restoring euvolemia is critical to
optimizing pulmonary function and mobility. We avoid re-
starting renin�angiotensin antagonist medications for
several weeks. Multidisciplinary rounding with pharma-
cists ensures proper dosing of antibiotics and other medi-
cations in AKI-vulnerable patients. In patients with a rapid
decrease in creatinine clearance, severe oliguria, and tea-
colored urine, rhabdomyolysis is suspected, and diagnostic
serum creatinine kinase measurement and aggressive crys-
talloid resuscitation are performed. If rhabdomyolysis is
diagnosed, then extremity compartment syndrome should
be excluded.
Nephrology consultation is advised in patients with

advanced AKI. Renal-replacement therapy may be indi-
cated for volume overload, electrolyte derangements, or re-
fractory acidosis. In our practice, the overall incidence of
AKI requiring persistent renal-replacement therapy is 7%
but is associated with 57% operative mortality (unpub-
lished data). Those patients on dialysis who develop respi-
ratory failure necessitating tracheostomy (3% of all
patients) have 70% mortality. In patients with preoperative
chronic kidney disease, a temporary femoral dialysis line is
placed at the conclusion of TAAAR, should early dialysis
be necessary.
To preserve potential future dialysis access sites, we

avoid peripherally inserted central catheter and subclavian
venous lines in patients with AKI.34 Finally, to reduce the
contrast nephropathy risk, we delay postoperative aortic
surveillance CT imaging until the serum creatinine level
has normalized and pretreat with isotonic fluids and, selec-
tively, N-acetylcysteine.35
rdiovascular Surgery c Volume 161, Number 2 703
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Gastrointestinal and Nutrition
Patients immediately begin stress ulcer prophylaxis, and a

nasogastric tube remains in place until bowel function returns
and nausea and abdominal distension are absent. Postopera-
tively, oral intake typically starts after 3 to 5 days. In patients
mechanically ventilated more than 3 to 4 days, early enteral
nutrition begins with trophic feeds through a nasoenteric
tube. Adequate nutrition is important, especially for patients
with prolonged hospitalization. Gastrointestinal complica-
tions require vigilance; unexplained acidemia or increased
fluid requirements can indicate mesenteric ischemia, suspi-
cion of which indicates CT imaging or laparotomy. Isolated
liver-enzyme elevation may necessitate Doppler ultrasonog-
raphy to assess the mesenteric vasculature. Gastrointestinal
bleeding unresponsive to saline lavage and increased
proton-pump inhibitor therapy is evaluated endoscopically.
Patients with prolonged ICU stays and unexplained leukocy-
tosis or diarrhea are evaluated forClostridium difficile infec-
tion, and empiric oral vancomycin is initiated.
Bleeding and Hematologic
Intraoperative measures to reduce postoperative bleeding

include administering aminocaproic acid and correcting
coagulopathy. Our typical targets are platelet count
>100,000, international normalized ratio<1.6, and fibrin-
ogen count>200,000. However, when coagulopathy arises,
we recommend point-of-care viscoelastic tests of clotting
function (eg, thromboelastography, rotational thromboelas-
tometry), according to institutional preference, although
both are used in cardiac surgery.36 This strategy allows
more selective targeting of blood components, thereby
reducing blood-product administration after TAAAR.37

We have moved to earlier use of prothrombin complex
concentrate (KCentr; CSL Behring, King of Prussia, Pa)
in patients with severe coagulopathy.

Early postoperative bleeding can manifest as progressive
hemorrhagic shock, elevated chest tube output, or abdom-
inal distention. An unexplained drop in hemoglobin espe-
cially associated with hypotension may necessitate CT
imaging for hemoperitoneum or hemothorax. Regardless
of associated coagulopathy, patients return to the operating
room for exploration, hematoma evacuation, and bleeding
control. Common sites of bleeding include the spleen, inter-
costal or lumbar arteries, and anastomoses.

When needed, warfarin therapy is restarted 4 to 5 days
postoperatively; unfractionated heparin bridging is reserved
for patients without a CSF drain for whom additional pro-
cedures (eg, tracheostomy) are being considered. Standard
deep vein thrombosis prophylaxis is provided with sequen-
tial compression devices. After the CSF drain is removed,
chemical prophylaxis is initiated with enoxaparin or subcu-
taneous unfractionated heparin; subsequently, the patient
may be transitioned to factor Xa inhibitors.
704 The Journal of Thoracic and Cardiovascular Surg
MISCELLANEOUS CONSIDERATIONS
To reduce infections, we are aggressive about removing

unnecessary intravascular or urinary catheters, evaluating
surgical incisions daily, and closely monitoring for devel-
oping pressure ulcers. Prophylactic antibiotics are discon-
tinued 24 hours postoperatively. Patients who required
incidental splenectomy are triple-vaccinated against Strep-
tococcus pneumoniae, Haemophilus influenzae type B, and
Neisseria meningitidis after the critically ill period, approx-
imately 2 weeks postoperatively or before discharge.38
CONCLUSIONS
The postoperative care of TAAAR patients requires dili-

gent, multidisciplinary cooperation for both the prevention
and the early detection of complications, and to promote
successful outcomes.
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