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I N this issue of the Journal, Lu 
et al.1 provide intriguing data 

on the etiologic role of excessive 
sympathetic activity from dam-
age to the nucleus tractus solitarii 
(NTS) in rats resulting in cata-
strophic damage to the heart and 
lungs. The good news here is that 
such damage may potentially be 
effectively treated with inexpen-
sive α-adrenergic receptor block-
ing agent. The NTS is a center for 
the processing of diverse afferent 
inputs responsible for mainte-
nance of cardiopulmonary homeo-
stasis, and this study adds to our 
knowledge of its importance. 
Given these critical functions and 
its diverse receptor population, it 
should come as no surprise that 
alteration or destruction of por-
tions of the NTS has been asso-
ciated with marked alterations 
of blood pressure, heart rate, and 
baroreceptor function in animal 
models.2 This “sympathetic storm” 
is appreciated to be responsible for 
the now  well-appreciated clinical 
 syndromes of  neurogenic-mediated 
stress  cardiomyopathy and pulmonary edema.3

In a previous study,4 these authors developed a rat model 
simulating their clinical observations of patients dying of 
fulminant cardiovascular collapse due to EV71 brainstem 
encephalitis in whom destructive lesions were observed in 
the NTS on autopsy. In this model, which uses stereotac-
tically guided microinjection of 6-hydroxydopamine into 
the NTS, they were able to markedly attenuate the result-
ing acute hypertension, catecholamine release, pulmonary 
edema, and cardiac dysfunction present in control animals 
by early intravenous administration of the preganglionic nic-
otinic receptor antagonist, hexamethonium. In an accom-
panying editorial,5 a recent case report6 documenting rapid 

resolution of neurogenic pul-
monary edema with intravenous 
phentolamine (acting on similar 
receptors) was cited as a possible 
human analog of this hypothesis.

In the current study, they 
evaluate the effects of an 
 α1-blocker (prazosin, includ-
ing a  dose-response evaluation), 
 α2-blocker (yohimbine), or a non-
selective β-blocker (propranolol) 
as well as the specific effects of 
α-agonism (phenylephrine) in this 
model. Sophisticated physiologic, 
histologic, immunohistologic, and 
echocardiographic measurements 
were conducted, including novel 
evaluation of cell to cell signaling 
via connexin 43, a gap-junction 
protein which modulates cardiac 
electrical activity, apoptosis, and 
lung inflammation.7 The findings 
of significant protection from the 
adverse pathophysiologic effects of 
the sympathetic “storm” by prazo-
sin, contrasted by the rapid death 
within 2 h from pulmonary edema 
and acute ventricular dilatation 
with contraction necrosis in all of 

the propranolol-treated rats (despite significantly higher heart 
rates in the prazosin-treated rats) are striking. As well, the 
authors report a time-dependent increase in connexin 43, 
Caspase 3 expression (enzyme involved in the terminal phase 
of apoptosis), and TUNEL (terminal deoxynucleotidyl trans-
ferase dUTP)-positive cell, which allows detection of apop-
totic cells, in the heart and lungs of these rats. To increase the 
plausibility of a causal link between α1-receptor overactivity 
and the heart and lung injuries, the authors demonstrate that 
phenylephrine enhanced the phenotype of lung and heart 
and the expression of connexin 43 and TUNEL-positive cells.

Excessive stimulation of α1-receptors results in pleiotro-
pic effects as they are also expressed on several cell types such 
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as cardiomyocytes, neurons, and immunocytes. The study by 
Lu et al.1 is novel and gives clear direction for further investi-
gations because they were neither able to delineate which cell 
type is a key target in their model nor able to conclusively 
demonstrate a precise mechanistic link between α1-receptor 
overexcitation and connexin 43. Furthermore, as the authors 
note, the long-term effects of treatment in the surviving rats 
on neurobehavioral function require investigation.

If this is a valid physiologic model, which clinical scenar-
ios of acute brain injury would it best represent? The authors 
make a strong case in their original publication for a spe-
cific form of acute encephalitis. Sympathetic overactivity is a 
hallmark of subarchnoid hemorrhage and other neurologic 
states, but the implications of associated increase in intra-
cranial pressure (not considered in this model) are clearly 
expected to complicate clinical use of potent sympathetic 
blocking agents. Maintenance of adequate cerebral perfusion 
pressure is a critical determinant of outcome in the setting of 
acute brain injury. Increased plasma norepinephrine seems 
to play a critical role in the pathogenesis of subarachnoid 
hemorrhage–induced neurogenic pulmonary edema and car-
diac wall motion abnormalities8,9 although both epinephrine 
and norepinephrine may be involved via multiple signaling 
pathways. Moreover, excessive adrenergic stimulation is well 
known to occur in extracerebral syndromes such as pheo-
chromocytoma. Cases of cardiac failure due to hypertensive 
crisis in the context of the associated adrenergic stimulation 
seem to be rare but have been reported.

Evidence supports a similar sympathetic surge in severe 
sepsis,10 a condition for which treatment strategies remain 
controversial. The potential impact of widely accepted but 
often not well delineated intensive care unit and periopera-
tive therapies based on sympathetic blockade or stimulation 
of various receptors such as use of β-blockers for heart rate 
control and cardioprotection in patients with several heart 
diseases; guideline-recommended use of norepinephrine 
for the treatment of hypotension in septic shock, the ubiq-
uitous use of phenylephrine to offset vasodilating effects 
of sedatives and analgesics in the intensive care unit, the 
growing use of the potent α2 agonist dexmedetomidine for 
intensive care unit sedation would seem to mandate that 
better delineation of the status of the level of excitation 
of adrenoreceptors may help better customize individual 
patient therapy in the future.

By now, most readers of this journal are well aware of 
the ongoing controversy over the effectiveness and safety of 
perioperative β-blockade, particularly with regard to associa-
tions of their use with perioperative death and stroke.11 More 
recently, the issue of precise timing of β-blockade in condi-
tions previously considered contraindications has been widely 
publicized. A recent open-label, randomized study of the use 
of esmolol infusions in mechanically ventilated patients with 
septic shock, all of whom were requiring norepinephrine for 
hemodynamic support, demonstrated feasibility and safety 
of a decidedly clinically controversial approach based on the 

growing literature base to “protect” the β-adrenergic recep-
tor.12 The striking finding of a reduction in 28-day mortal-
ity from 80.5 to 49.4% in the treated group (a secondary 
outcome) will no doubt lead to intense clinical interest and 
larger, multicenter randomized controlled trials. The study by 
Lu et al.,1 reporting profound safety hazards with the early 
use of β-receptor blockade in the setting of sympathetic acti-
vation, seems highly controversial. Further investigations in 
the context of differences in sympathetic activation between 
acute brain injury and sepsis will be of great interest.

Although catecholamine storm may be associated with 
severe myocardial and lung dysfunction, it is reassuring 
that the time course of this dysfunction in many studies is 
relatively transient with return to normal macroscopic func-
tion within a few days. However, the long-term impact on 
these two major organs through adrenoreceptor overexcita-
tion and pro-apoptosis mechanisms, as reported in Lu et al. 
study,1 has yet to be determined conclusively.

New results and controversies about perioperative thera-
pies based on sympathetic blockade or stimulation of various 
adrenergic receptors will likely help us customize therapies. 
The study by Lu et al.1 provides intriguing evidence about 
the role of excessive sympathetic activity and its effect on 
pro-apoptosis pathway. The precise timing between severe 
physiologic insults and pharmacological intervention need 
further investigation in both laboratory and clinical settings. 
There seems to be much to look forward to.
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A. L. Parker’s Broadside: Laughing “Gas” for Littleton

Arthur Linwood Parker, D.D.S. (1868–1917) was born in Lyman, in northwest New Hampshire. From about 1880 
to 1894, Parker called Littleton, New Hampshire, his hometown. After marrying Sadie Putnam in 1892, Parker 
began relocating his dental practice to central New Hampshire, to Penacook, the northernmost village of the state 
capital, Concord. Brandishing Parker’s D.D.S. at fellow Littletonians, this side of his Littleton/Penacook broadsheet 
touts that Parker treats “Nervous and Timid” patients. Around the time he released these broadsheets, Parker lost 
his first wife—the first of two tragedies to impact his practicing dentistry and specializing in “the administration of 
[laughing] gas.” This broadsheet is part of the Wood Library-Museum’s Ben Z. Swanson Collection.  (Copyright © 
the American Society of Anesthesiologists, Inc.)
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