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J My aim today Is to get you to look at
a few things that you may take for
granted in a slightly different way.



Why do we need special consideration of
hemodynamics In patients with brain injury?

UgArrhyt hmi ads and el ect
pressure problems (unwanted hyper- or
nypotension) all occur very frequently In
pati ents with brain 17

0 Brain injured patients have a MUCH LOWER
TOLERANCE or such event s
patients!

u Itis of key importance to prevent excesses
and nNnmaintai n homuest!t c
patients.
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Animal data overwhelmlngly show that the
Injured brain does noft tolerate:

Hypo- & hypertension; hypo- and
nypoperfusion (hypoperfusion worse

U Hypoxia and hypéeroxia (hypoxia worse)
i Hypocarbia & hypercarbia

U Fever

u Hypoglycemia & hyperglycemia

i Other disturbances of homeostasis: electrolyte
disorders (Na, Mg, K, P etc), others?

u Others?
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Association Between Arterial Hyperoxia
Following Resuscitation From Cardiac Arrest
and In-Hospital Mortality

J. Hope Kilgannon, MD N= 6326 patients

Alan E. Jones, MD . . . z

Nathan 1. Shapiro, MD, MPH u HyperOXIa_(PaOZ/FIOZ OBOO)
Mark G. Angelos. MD was seen in 1156 (18%)

oarry Hijearck. T Ui Hypoxia (PaO2/FiO2 ¢60)
Krystal Hunter, MBA _ _

Joseph E. Parrillo, MD was seen In 3999 patient 63%
Stephen Trzeciak, MD, MPH ull/1 (19%) had normoxia

for the Emergency Medicine Shock
Research Network (EMShockNet)

Investigators

JAMA. 2010,303(21):2165-2171
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Figure. In-Hospital Death Between
Hyperoxia and Normoxia
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Acute head injury (6 hrs post impact)

Areas in red show regions with rCBF <20 ml/100g/min)

60
60

m|/100g/min
m|/100g/min

o PaCO2: 38 mmHG (5.0 kPa) © PaCO2: 25 mmHg (3.3 kPa)

Coles JP et al. Effect of hyperventilation on cerebral blood flow in traumatic head injury: clinical
relevance and monitoring correlates. Crit Care Med 2002;30:1950-9.
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Figure 4. Estimation of ischemic brain volume
(/BV). Mean + sp ischemic brain volumes in
controls (whife) and in head-injured patients at
relative normocapnia (gray; mean Paco, 36 torr
[4.8 kPal]) and after hyperventilation (black;
mean Paco, 29 torr [3.9 kPal). *p < .0001, paired
f-test for comparison between normocapnic and
hypocapnic values.

Coles JP et al. Crit Care
Med 2007:35:568-78.
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Figure 3. Oxygen extraction fraction (OEF) histograms. Top, mean * SE OEF histograms (showing
proportion of voxels in each OEF bin) in ten controls (whife) and in 18 patients following head injury,
at relative normocapnia (gray; mean Paco, 36 torr [4.8 kPa]) and after hyperventilation (black; mean
Paco, 29 torr [3.9 kPal). Bottom, individual patient OEF histograms at normocapnia (gray) and
following hyperventilation (black). Note the rightward shift of the curves with an increase in the
number of voxels with critically high OEF values.
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Survivalto Discharge (%)

Fever following in-hospital cardiac
arrest (IHCA):

100

36.1-37.0 37.1-38.0 38.1-39.0 39.1-40.0 >40.0
T max

Suffoletto B et al. Resuscitation 2009: 80:1365-70.



Fever in a mixed neuro-I1CU:

Diringer M et al. Crit Care Med 2004, 32;1489-93
U 4,295 patients with LOS >1 day
U Elevated body temperature

was assoclated with a dose- 006
dependent:
U ICU & Hospital LOS e .. momsm ... .. W6
N _ : SR » Complications 25 TeTperatu?e LN B
0 Mortality rate | e

U Elevated body temperature
was associated with 3.2 additional
ICU days and 4.3 additional hospital days

0 ICU LOS was predicted by the number of
complications and elevated body temperature

104 579

Diringer M et al. Crit Care Med 2004; 32;1489-93
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Mortality after Hospitalization with Mild, Moderate,

and Severe Hyponatremia

Sushrut S. Waikar, MD, MPH,? David B. Mount, MD,*® Gary C. Curhan, MD, ScD?

“Renal Division, Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, Mass; “Renal Division,
VA Boston Healthcare System, Boston, Mass.

THE AMERICAN

N=98 411 patients JOURNAL of
MEDICINE e

Table 1  Prevalence of Hyponatremia, Uncorrected and Corrected for Glucose Concentration

Sodium Concentration (mEq/L)
135-144 <135 130-134 125-129 120-124 <120 % Misclassified*

Initial value during 81,031 (82.3%) 14,290 (14.5%) 11,853 (12.0%) 1856 (1.9%) 415 (0.4%) 166 (0.2%) —
admission, n (%)

Hillier'® (2-piece linear 82,377 (83.7%) 12,562 (12.8%) 10,469 (10.6%) 1591 (1.6%) 353 (0.4%) 149 (0.2%) 12.1%
regression), n (%)t

Hillier'® (linear 83,423 (84.8%) 11,615 (11.8%) 9671 (9.8%) 1472 (1.5%) 328 (0.3%) 144 (0.1%) 18.7%
regression), n (%)%
Katz,"* n (%)§ 82,574 (83.9%) 12,617 (12.8%) 10,513 (10.7%) 1601 (1.6%) 353 (0.4%) 150 (0.2%) 11.7%

Waikar SS et al. Am J Med 2009;122:857-865



Table 3  Mortality in Patients with and without Hyponatremia

Sodium Concentration (mEq/L)

135-144 <135 130-134 125-129 120-124 <120
(n=82,377) (n=12,562) (n=10,469)  (n=1591) (n = 353) (n = 149)

Crude in-hospital mortality (%) 2.4 5.4 4.8 8.9 8.5 6.7
Age-adjusted 1 (ref) 2.08 (1.90-2.28) 1.87 (1.69-2.07) 3.20 (2.67-3.83) 2.93 (2.00-4.28) 2.24 (1.17-4.28)
Age, sex, D-CI-adjusted 1 (ref) 1.88 (1.72-2.06) 1.69 (1.53-1.87) 2.88 (2.40-3.45) 2.56 (1.74-3.77) 2.29 (1.19-4.42)
Multivariable-adjusted 1 (ref) 1.47 (1.33-1.62) 1.37 (1.23-1.52) 2.01 (1.64-2.45) 1.67 (1.09-2.56) 1.46 (0.73-2.91)

Crude 1-year mortality (%) 11.7 21.4 19.8 28.5 33.1 22.2
Age-adjusted 1 (ref)  1.65 (1.57-1.73) 1.58 (1.50-1.68) 1.88 (1.68-2.11) 2.31 (1.87-2.86) 1.29 (0.86-1.95)
Age, sex, D-CI-adjusted 1 (ref) 1.51 (1.44-1.59) 1.45 (1.37-1.53) 1.76 (1.57-1.97) 2.13 (1.72-2.63) 1.42 (0.94-2.14)
Multivariable-adjusted 1 (ref)  1.38 (1.32-1.46) 1.35 (1.28-1.43) 1.53 (1.36-1.71) 1.78 (1.44-2.21) 1.03 (0.68-1.56)

Crude 5-year mortality (%) 42.3 54.8 53.6 61.0 60.6 59.7
Age-adjusted 1 (ref) 1.42 (1.37-1.46) 1.39 (1.34-1.44) 1.55 (1.43-1.68) 1.59 (1.35-1.87) 1.34 (1.04-1.72)
Age, sex, D-CI adjusted 1 (ref) 1.34 (1.30-1.39) 1.31 (1.26-1.36) 1.50 (1.38-1.62) 1.53 (1.30-1.80) 1.31 (1.12-1.86)
Multivariable-adjusted 1 (ref 1.25 (1.21-1.30) 1.24 (1.19-1.29) 1.33 (1.23-1.44) 1.29 (1.09-1.53) 1.09 (0.84-1.41

Sodium values corrected for admission glucose. Multivariable models adjusted for age, sex, Deyo-Charlson Index (D-CI), and individual diagnoses (acute
myocardial infarction, congestive heart failure, sepsis, metastatic cancer, pneumonia, chronic kidney disease, liver disease, gastrointestinal bleeding,
syndrome of inappropriate antidiuretic hormone, volume depletion).

Waikar SS et al. Am J Med 2009;122:857-865




What about blood pressure and
arr hyt hmi aos



Before we look at the clinical data,
we need to deal with the concept of
cerebral autoregulation.



The concept of cerebral autoregulation

Cerebral Blood Flow

Increasing risk of Normal autoregulation
hypertensive I
encephalopathy Normotensive E/
................................................................ s
Increasing risk / !
of ischemia :
|

25 75 125 175 225
MAP (mm HQ)

Adapted from: Varon J, Marik PE. Chest 2000; 118:214-227.



The concept of

cerebral autoregulation

Cerebral Blood Flow

Increasing risk of
hypertensive
encephalopathy

Increasing risk
of iIschemia

Patients with chronic hypertension
autoregulate cerebral blood flow
around higher set points
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Adapted from: Varon J, Marik PE. Chest 2000; 118:214-227.



The concept of cerebral autoregulation

Cerebral Blood Flow
Patients with cerebral injury may
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The concept of cerebral autoregulation

U So, both too low and too high blood pressures
can be harmful.

U This applies even to non brain-injured
pati ents, but they ha

ULessmargininbrain-t nj ur ed pat.i

U Especially if they loose their cerebral
autoregulation

UEspeciallytr n 1 njured ar eado:
l njured areaods appeart
to hypo- and hypertension!



Brain injury frequently leads to a wide
range of medical complications:

i Myocardial dysfunction (SAH, ICH, TBI, AIS)
G§Arr hyt hmi ads/ tachycar
u Electrolyte disorders (SAH, TBI)

0 Vagal nerve dysfunction leading to immune
dysfunction, myocardial dysfunction and
arrhythmi aos (TBI, ot

u Etc.



Cardiac complications of SAH:
NStunned myoc

@ Elevations of cardiac troponins and/or the myocardial
fraction of creatine phosphokinase (CPKkMB) (occur
In 20-30% of patients with SAH)

® Linkedtoo-hi gh sympat heti c act
stormo), and al so vagal
Higher risk in patients with: Hunt-Hess score >2,
female sex, high BMI, high left ventricular mass,
lower systolic blood pressure, higher heart rate, EKG
changes, higher doses of vasoactive medication

@ Elevated levels of troponins predict left ventricular
dysfunction in patients with SAH (more sensitive
than CK-MB)

Tung P et al. Stroke 2004,;35:548-51; Deibert E et al. J Neurosurg 2003;98:741-6; Kawahara E et al. Circ J 2003;67:753-6;
Kono T et al. J Am Coll Cardiol 1994;24:636-40; Parekh N et al. J Am Coll Cardiol 2000;36:1328-35; Mayer SA et al.
Neurology 1994;44:815-20.



636 JACC Vol. 24, No. 3
September 1994:036-40

Left Ventricular Wall Motion Abnormalities in Patients With
Subarachnoid Hemerrhage: Neurogenic Stunned Myocardium

TATSUJI KONO, MD, HIROSHI MORITA, MD, TOSHIHIKO KUROIWA, MD,
HARUHIKO ONAKA, MD, HIROYUKI TAKATSUKA, MD, AKIRA FUJIWARA, MD

Osaka, Japan

Conclusions. These findings suggest that patients with sub-
arachnoid hemorrhage and ST segment elevation may demon-
strate transient corresponding iegional wall motion abnormali-
ties. The mechanism of neurogenic stunned myocardium was not

clearly elucidated in the present study.
(] Am Coll Cardiol 1994;24:636-40)



"Stunned myocardium” due to sudden
catecholamine release?

FIG. 2. IMustration of the heart depicting a normal (left) and abnormal (right) cardiac contraction. After aneurysmal
SAH, the cardiac contraction becomes abnormal, with apical and midventricle akinesia consistent with tako-tsubo cardio-
myopathy.

Lee VH et al. J Neurosurgery 2006; 105:2641 270.



FIG. 1. Photograph illustrating a tako-tsubo, a Japanese octopus

catcher pot, which is strung by rope from Japanese fishing boats.
Anachoresis (living in crevices and holes) 1s typical behavior of oc-
topuses. Photograph by Sarah H. Lee.

Lee VH et al. J Neurosurgery 2006; 105:2641 270.



Ohtsuka et al Neurogenic Stunned Myocardium 2123

Figure 1. ECG on admission, showing abnormal Q waves and ST-segment elevation (A). Left ventriculograms in right anterior oblique
view of end diastole (B) and end systole (C) show global akinesis with aneurysm formation.

Ohtsuka T et al. Circulation 2000;101:2122-2124.



Not always typical....



Stress cardiomyopathy: Clinical and ventriculographic characteristics in
107 North American subjects

Nishith K. Singh ***, Syeda Rumman *-°, Frank L. Mikell *-"¢,
Nasaraiah Nallamothu **°, Chandhiran Rangaswamy *"*°

* Department of Internal Medicine, Southern Illinois University School of Medicine, Springfield, IL, USA
> Division of Cardiology, Southern Illinois University School of Medicine, Springfield, IL, USA
¢ Prairie Cardiovascular Consultants, Springfield, IL, USA

Received 27 July 2008; accepted 4 December 2008
Available online 19 January 2009
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Stress cardiomyopathy: Clinical and ventriculographic characteristics in
107 North American subjects

Nishith K. Singh ***, Syeda Rumman **, Frank L. Mikell *:*¢,
- ab.c ab.c
Nasaraiah Nallamothu **, Chandhiran Rangaswamy

* Department of Internal Medicine, Southern llinois University School of Medicine, Springfield, IL, USA

Y Division of Cardiol outhern Hlinois University School of Medi pringfield, IL, USA
rdiovascular Consultants, Springfield, 1

Received 27 July 2008; accepted 4 December 2008
Available online 19 January 2009

Fig. 1. End-systolic configurations of left ventricle in RAO view showing A = postero-basal, B = diaphragmatic, C = antero-lateral, D = localized apical, E = mid-
ventricular, F = apico-mid-ventricular or classical or tako-tsubo, and G = postero-basal + mid-ventricular ballooning variants of stress cardiomyopathy. Arrows
point towards dysfunctional segments. See text for details. RAO = right anterior oblique.




Not just in SAH....



Neurogenic stunned myocardium after acute hydrocephalus

Report of 2 cases Hydrocephalus.....

JEREMIAH JoHNSON, M.D.,! JouN RacHEB, M.D.,! RucHIRA GARG, M.D.,>
WiLLiAM PATTEN, M.D.,? Davip 1. SANDBERG, M.D.,! AND SANJIV BHATIA, M.D.!

IDivision of Pediatric Neurosurgery, University of Miami Miller School of Medicine,; and Departments of
2Cardiology and *Critical Care, Miami Children’s Hospital, Miami, Florida

J Neurosurg Pediatrics 5:428—433, 2010

kl‘ Postictal | Abstract—Neurogenic left ventricular dysfunction is a recognized complica-
IGH . tion of subarachnoid hemorrhage, but this condition has not been reported
neurogenic | ifier seizure activity. The authors present two cases of neurogenic stunned

stunned myoc ardium | myocardium after convulsive seizures, suggesting that ictal activity can lead to
sympathetically mediated cardiac injury.

NEUROLOGY 2005;64:1977-1978

Peter S. Chin, MD; Kelley R. Branch, MD; and Kyra J. Becker, MD




gglfléocrifical Neurocrit Care (2009) 11:395-397
society DOI 10.1007/s12028-009-9279-8

PRACTICAL PEARL Guillain-Barr ® S yno

One Thing Leads to Another: GBS Complicated by PRES
and Takotsubo Cardiomyopathy

Jennifer E. Fugate * Eelco F. Wijdicks -
Gautam Kumar - Alejandro A. Rabinstein

Neurogenic stunned myocardium following hemorrhagic
cerebral contusion

Dirk Deleu, MD, FRCP Marie-Anne Kettern, MD, Yolande Hanssens, PharmD, Suresh Kumar, MD, Khalid Salim, MD,
Francisco Miyares, MD.

Saudi Med ] 2007; Vol. 28 (2): 283-285



Relation between stress cardiomyopathy and hemorrhagic stroke

Nicolas Mansencal *, Roland N'Guetta, Julien Desperramons, Olivier Dubourg

Pole Radio-Cardio-Vasculaire, Université de Versailles-Saint Quentin, Ambroise Paré Hospital, Assistance Publique-Hopitaux de Paris,
Centre de référence des Maladies Cardiaques Héréditaires, Boulogne, France

Stunned Myocardium following Ischemic
Stroke

Case Report

Vasco Dias Sofia Cabral Ana Meireles Catarina Gomes Nuno Antunes
Miguel Vieira Luisa Caiado Severo Torres

Department of Cardiology, Santo Anténio General Hospital, Oporto Hospital Center, Largo Prof. Abel Salazar,
Porto, Portugal

Cardiology 2009;113:287-290 Ischemic stroke......

DOI: 10.1159/000205963




Journal of the American College of Cardiology
© 2010 by the American College of Cardiology Foundation
Published by Elsevier Inc.

Vol. 55, No. 3, 2010
ISSN 0735-1097/10/$36.00
doi:10.1016/j.jacc.2009.08.050

Takotsubo Cardiomyopathy in a 2-Year-0ld Girl

3-Dimensional Visualization of Reversible Left Ventricular Dysfunction

Stephan Schoof, MD, Harald Bertram, MD, PHD, Dagmar Hohmann, MD, Thomas Jack, MD,
Armin Wessel, MD, PHD, T. Mesud Yelbuz, MD, PHD

Hannover, Germany Reg ardIeSS Of ag

e...
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Not only In brain injury....



@ Ir‘r:(l:z:‘:e‘la;\:le‘car;Jt:unml Advance Access published December 18, 2010 vt )
Table 2 Reasons for acutely elevated troponins

Frontiers in cardiovascular medicine

Troponin elevation in coronary vs. non-coronary
disease

S. Agewall', E. Giannitsis’, T. Jernberg?, and H. Katus®

Acute coronary syndrome
Acute heart failure
Pulmonary embolism
Stroke

Acute aortic dissection
Tachyarrhythmias
Hypotension / Shock

Sepsis

ARDS

Perimyocarditis
Endocarditis

Tako-tsubo cardiomyopathy
Radiofrequency catheter ablation
Cardiac contusion
Strenuous exercise
Sympathomimetic drugs

Agewall S et al. Chemotherapy
Eur Heart J 2011,32:404-11.




"Stunned myocardium” due to sudden
catecholamine release?

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 FEBRUARY 10, 2005 VOL.352 NO.6

Neurohumoral Features of Myocardial Stunning
Due to Sudden Emotional Stress

llan S. Wittstein, M.D., David R. Thiemann, M.D., Joao A.C. Lima, M.D., Kenneth L. Baughman, M.D.,
Steven P. Schulman, M.D., Gary Gerstenblith, M.D., Katherine C. Wu, M.D., Jeffrey J. Rade, M.D.,
Trinity J. Bivalacqua, M.D., Ph.D., and Hunter C. Champion, M.D., Ph.D.

CONCLUSIONS
Emotional stress can precipitate severe, reversible left ventricular dysfunction in patients

without coronary disease. Exaggerated sympathetic stimulation is probably central to
the cause of this syndrome.



Table 1. Clinical Characteristics of 19 Patients with Stress Cardiomyopathy on Admission.*

Patient
No.

10

11
12

13
14

15
16

17

18
19

Age

yr
62

63

43

60

66

77
52

52
32
61

66
87

€9
50

71
76

65

71
27

Race or
Sex Ethnic Origin Risk Factors

AA

Coronary
Emotional Stressor Clinical Presentation
Time after
Symptom  Heart
Onsety Rate MAP  Symptoms
hr beats/min mm Hg
HTN, Mother's death 12 71 96  Chest pain
smoking

HTN, Chol Car accident 1 86 52 Heart failure;
hypotension

Surprise reunion 85 88 Chest pain

Surprise party 109 53 Chest pain;

hypotension

(IABP)
HTN, FH Father’s death 5 65 91  Chest pain
HTN, FH Husband's death 6 106 98  Chest pain
Smoking Friend’s death 2 92 50  Chest pain;
hypotension
(IABP)

HTN Father's death 5 88 93  Chest pain
Chol, FH Maotheasdeath 1 74 90  Chest pain

ChC:ear ofprocedure) 108 45  Chest pain;
shock (IABP)

Smoking

HTN, Chol,
DM

HTN, Chol

None

Fierce argument 2 66 109 Chest pain
Friend’s death 1 99 75  Chest pain
Court appearance 2 81 73 Chest pain
Fear of choking 2 84 100 Chest pain;

heart failure

Non‘ Public speaking ;’ 67 108  Chest pain
HTN, DM, 2 109 101 Chest pain

smoking

HTN, Chol,
smoking

HTN

None

Armed robbery 2 95 91  Chest pain
Son's death 6 70 66 Chest pain; VF
Tragic news 3 64 52 Chest pain;

hypotension

* MAP denotes mean arterial pressure, B Bermudan, HTN hypertension, AA African American, Chol hypercholesterolemia,
W white, IABP intraaortic balloon pump, FH family history, DM diabetes mellitus, VF ventricular fibrillation, and A African.

N Engl J Med 2005;352:539-48.
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Figure 1. Typical Electrocardiograms Obtained 24 to 48 Hours after Presentation in Four Patients with Stress Cardio-

myopathy.

Marked prolongation of the QT interval and diffuse symmetric T-wave inversion are present in all four electrocardiograms.
Loss of R-wave progression in leads V,, V,, and V; is also evident in Panels C and D.

N Engl J Med 2005;352:539-48.
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Ejection Fraction

0.20-
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Figure 2. Serial Echocardiographic Assessment
of the Ejection Fraction in 19 Patients with Stress
Cardiomyopathy.

N Engl J Med 2005;352:539-48.



If this I1s all reversible, does this
affect outcome?
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ORIGINAL ARTICLE

Left Ventricular Dysfunction and Cerebral Infarction
from Vasospasm After Subarachnoid Hemorrhage

LV ejection fraction P
>40% (N = 106) <40% (N = 13)
Cerebrovascular events
Cerebral infarction from vasospasm (%) 13 39 0.034
Any cerebral infarction (%) 45 77 0.040
Symptomatic vasospasm (%) 25 31 0.74
Cardiovascular events
LV thrombus (%) 2 15 0.06
Hypotension <90 mmHg requiring pressors (%) 26 77 0.001
Pulmonary edema (%) 31 77 0.002
Cardiac arrhythmia (%) 12 15 0.67
Functional outcome®
15-day mRS >4 (%) 69 85 0.34
Length of stay
Median ICU stay (days) 11 15 0.006
Median hospital stay (days) 18 28 0.033
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Many of the
treatments we
administer to protect
the brain can make

t he nNnmedi c
situation worse!




Cardiac complications:

EKG changes & Ar r hyt hi

® Occur in N90% (!) of patients with SAH
@ Especially in the first 48 hours after hemorrhage

® Most frequent EKG abnormalities:

i Prolongation of the QTc interval (associated with higher
mortality, especially in the presence of hypokalemia,
defined as K <3. 5) i R fff .f'_ ;::;:._:."_‘ffff ] ‘ : !:f?? -

i ST depression T

4 ST elevation S e R e e e e

u Inverted T waves

Lanzino G J Neurosurg Anesthesiol 1994; 6:156-62; DiPasquale G et al. Am J Cardiol 1987; 59:596-600;
Mayer SA et al. J Neurosurg 1995;83:889-96.



The hyperadrenergic syndrome.....

tTachycardi a, hypertens

u Occurs frequently in SAH, but also in TBI,
Ischemic stroke, ICH, and other types of
neurologic Injury.



Tracey KJ. J Clin
Invest 2007;117:289-96




