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Postoperative hypertension in the
management of patients with M@T C

intracranial arterial aneurysms i
T C <

EDWARD J. KOosSNIK, M.D., AND WiLLIAM E. HunT, M.D.

Department of Surgery, Division of Neurological Surgery, Ohio State University
College of Medicine, Columbus, Ohio

v Elevation of systemic arterial pressure in seven patients with intracranial arterial
aneurysms has been shown to be effective in alleviating ischemic symptoms attributed
to cerebral vasospasm. Autoregulation is at least partially lost in patients with

KosnikeJ , Hunt WE . Postoperative hypertension in the
management of patients with intracranial arterial aneurysms .
Neurosurgl976 ; 45 (2) : 148154 .
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FiG. 1. Postoperative course in Case 1, showing
the patient’s blood pressure, central venous
pressure, and ncurological status. Note the im-
provement occurring with pressure elevation.

KosnikEJ , Hunt WE . Postoperative hypertension inmfamagemenbf patientswith
intracranialarterial aneurysms .Neurosurgl976; 45 (2) : 14& 154 .
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Treatment of Ischemic Deficits from Vasospasm with
Intravascular Volume Expansion and Induced Arterial
Hypertension

Neal F. Kassell, M.D., Sydney J. Peerless, M.D)., Quentin J. Durward, M.D., David W. Beck, M.D., Charles . Drake, M.D., and
Harold P. Adams, M.D.

Departments of Neurosurgerv (N.F.K., D.W.B.) and Neurology (H.P.A.). University of lowa Hospitals and Clinics, lowa City, lowa, and Departments
of Newrosurgery (S.J.P., Q.J.D.) and Surgery (C.G.D.), University of Western Ontario, London, Oniario

In 58 patients with progressive neurological deterioration from angiographically confirmed cerebral vasospasm after
spontaneous subarachnoid hemorrhage, arterial hypertension was induced in an attempt to improve their deficits. The
most effective regimen consisted of intravascular volume expansion, blockade of the vagal depressor response, and the
administration of antidiuretics and vasopressor agents. With this protocol, arterial blood pressure could be sustained at
high levels for prolonged periods. Neurological deterioration was reversed in 47 patients, transiently in 4: permanent
improvement occurred in 43. Complications experienced during therapy included pulmonary edema, dilutional hypona-
tremia. aneurysmal rebleeding, coagulopathy, hemothorax, and myocardial infarction. Elevating systemic arterial pressure
in states of Lerehrﬂvascular msufﬁmencv requlnng from \fasmpawm 1\ Rafe if meuculnua attentlon 1 pald o phwmologlml

H M J Htf>40 ch0|\/|CEJT
e T m t h ™ e T

< —

KasselNF , Peerless SDurwardQJ , Beck DW , Drake C&lamsHP. Treatment of
iIschemic deficits from vasospasmith intravasculavolumeexpansion and induced
arterial hypertension Neurosurgeryl982 ; 11 (3) : 337 343.
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KasselNF , Peerless SDurwardQJ , Beck DW , Drake CG , AdHis Treatment of ischemic
deficits from vasospasm withtravasculavolume expansion and induced arterial
hypertension Neurosurgery 1982 ; 11 (3) : 33843 .



Clinical Vasospasm After Subarachnoid
Hemorrhage: Response to Hypervolemic
Hemodilution and Arterial Hypertension g (13 Yy

Issam A. Awad, L. Philip Carter, Robert F. Spetzler,
Marjorie Medina, and Fred W. Williams Jr.

Delayed neurologic deterioration from vasospasm remalns the greatest cause of morbidity and mortal-
ity following subarachnoid hemorrhage. The authors the incidence and clinical course of
symptomatic vasospasm following subarachnold hemorrhage using a uniform management protocol
over a 24-month period. One hundred eighteen consecutive patients were admitted to the neurovascu-
lar surgery service within 2 weeks of subarachnoid hemorrhage not attributed to trauma, tumor, or
vascular malformation (113 patients had aneurysms). Early surgery was performed whenever possi-
ble, and hypertensive hypervolemic hemodilution therapy was instituted at the first sign of clinical
vasospasm. Forty-two patients (35.6%) developed characteristic signs and symptoms of clinical vaso-
spasm with angiographic verification of spasm in 39 cases. All patients with clinical vasospasm
recelved hypervolemic hemodilution therapy aiming for a hematocrit of 33-38%, a central venous
pressure of 10-12 mm Hg (or a pulmonary wedge pressure of 15-18 mm Hg), and a systolic arterial
pressure of 160-20{0 mm Hg (120-150 mm Hg for unclipped aneurysms) for the duration of clinical
vasospasm. Over the course of treatment, 60% of patients with clinical vasospasm had sustained
improvement by at least 1 neurologic grade, 24% maintained a stable neurologic status, and 16%
continued to worsen. At the end of hyper volemic hemodilution therapy, 47.6 % had become neurologi-
cally normal, 33.3% had a minor neurologic deficit, and 19% had a major neurologic deficit or were
dead. There were 3 instances of cardiopulmonary deterioration (7% ), all of which were in patients
without Swan-Ganz catheters, and all resolved with appropriate diuresis. One patient rebled and died
while on hypervolemic hemodilution therapy. Death or major neurologic deficit from clinical vaso-
spasm occurred in < 7% of all patients with subarachnoid hemorrhage. This compares favorably with
the morbidity and mortality attributed to vasospasm in recent reports. The authors conclude that
early surgery and aggressive management of clinical vasospasm with hypervolemic hemodilution
therapy can be accomplished with minimal morbidity. This management strategy may lower the
incidence of death and disability from vasospasm after suobarachnoid hemorrhage. (Stroke
1987:18:365-372)
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“Triple-H” Therapy for Cerebral Vasospasm
Following Subarachnoid Hemorrhage

Kendall H. Lee,' Timothy Lukovits,” and Jonathan A. Friedman'-*

'Section of Neurosurgery, IDepartment of Neurology, Dartmouth Hitchcock Medical Center, Lebanon, NH

Abstract

The combination of induced hypertension, hypervolemia, and hemodilution (triple-H
therapy) is dften utilized to prevent and treat cerebral vasospasm after aneurysmal

H ]-I subarachnoidChemorrhage (SAH). Although this paradigm has pained widespread
a-:cgptance over the past 20 years, the efficacy of triple-H therapy and its precise role in
thedmanagement of the acute phase of SAH remains uncertain. In addition, triple-H
therapy may carry significant medical morbidity, including pulmonary edema, myocardial
ischemia, hyponatremia, renal medullary washout, indwelling catheter-related com-
plications, cerebral hemorrhage, and cerebral edema. This review examines the evidence
underlying the implementation of triple-H therapy, and makes practical recommendations
for the use of this therapy in patients with aneurysmal SAH.

Key Words: Subarachnoid hemorrhage; cerebrovascular disease; vasospasm; aneurysm;
triple-H therapy.






““Triple-H”’ Therapy for Cerebral Vasospasm H 1N
Following Subarachnoid Hemorrhage — t
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Kendall H. Lee,' Timothy Lukovits,? and Jonathan A. Friedman'* <
s« Complications of Triple-H Therapy

Triple-H therapy has many known complications. These
include pulmonary edema, dilutional hyponatremia, and com-
plications related to the Swanz-Ganz catheter. Intracranial
complications include exacerbation of cerebral edema, in-

creased ICP, hemorrhagic infarction, and risk of rebleeding

of unsecured aneurysm.

Among 323 patients with SAH, 112 patients developed a
delayed ischemic deficit, 94 of whom underwent hypervol-
emic therapy. Infarction caused by vasospasm was found ulti-
mately in 43 of these 94 patients. Twenty-six patients (28%)
developed an intracranial complication during hypervolemic
therapy: cerebral edema was aggravated in 18, and a hemor-
rhagic infarction developed in 8. In 13 of 18 patients with ag-
oravation of edema, delayed ischemic deficit developed within
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Conclusion

The use of triple-H therapy is widely accepted in the clini- E
cal management of patients after SAH. Although some limited 5
clinical and experimental data exist, definitive evidence for the §
efficacy of triple-H therapy is lacking. As triple-H therapy car- §
ries significant medical morbidity, the judicious use of this
mode of therapy is warranted. In this review, we have made >

practical recommendations for the use of this therapy in pa-
tients with aneurysmal SAH, balancing the potential clinical
benefit with the risk of the therapy and the unproven efficacy.
The precise role of triple-H therapy in the prevention and

management of SAH induced vasospasm will continue to be
defined.
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Effect of different components of triple-H therapy
on cerebral perfusion in patients with aneurysmal
subarachnoid haemorrhage: a systematic review
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Abstract

Introduction: Triple-H therapy and its separate components (hypervolemia, hemodilution, and hypertension) aim
to increase cerebral perfusion in subarachnoid haemorrhage (SAH) patients with delayed cerebral ischemia. We
systematically reviewed the literature on the effect of triple-H components on cerebral perfusion in SAH patients.

Methods: We searched medical databases to identify all articles until October 2009 (except case reports) on
treatment with triple-H components in SAH patients with evaluation of the treatment using cerebral blood flow
(CBF in ml/100 g/min) measurement. We summarized study design, patient and intervention characteristics, and
calculated differences in mean CBF before and after intervention.

Results: Eleven studies (4 to 51 patients per study) were included (one randomized trial). Hemodilution did not
change CBF. One of seven studies on hypervolemia showed statistically significant CBF increase compared to
baseline; there was no comparable control group. Two of four studies applying hypertension and one of two
applying triple-H showed significant CBF increase, none used a control group. The large heterogeneity in
interventions and study populations prohibited meta-analyses.

Conclusions: There is no good evidence from controlled studies for a positive effect of triple-H or its separate
components on CBF in SAH patients. In uncontrolled studies, hypertension seems to be more effective in
increasing CBF than hemodilution or hypervolemia.
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Higher hemoglobin is associated with improved outcome after

subarachnoid hemorrhage*

Andrew M. Naidech, MD, MSPH; Borko Jovanovic, PhD; Katja E. Wartenberg, MD;

H J1 JI

Augusto Parra, MD, MPH; Noeleen Ostapkovich, MS; E. Sander Connolly, MD;
Stephan A. Mayer, MD, FCCM: Christopher Commichau, MD

Objective: There are few data regarding anemia and transfu-
sion after subarachnoid hemorrhage (SAH). We addressed the
hypothesis that higher hemoglobin (HGB) levels are associated
with less death and disability after SAH.

Design: Prospective registry with automated data retrieval.

Patients: Six hundred eleven patients enrolled in the Columbia
University SAH Qutcomes Project between August 1996 and June
2002.

Setting: Neurologic intensive care unit.

Interventions: Patients were freated according to standard
management protocols.

Measurements and Main Resufts: We electronically retrieved
all HGB readings during the acute hospital stay for 611 consec-
utively admitted SAH patients. Outcomes were measured with the
modified Rankin Scale at 14 days or discharge, and at 3 months.
Patients who were independent (modified Rankin Scale, 0-3) at
discharge or 14 days had higher mean (11.7 = 1.5 vs. 109 = 1.2,

C M MO

e

p < 001} and nadir (9.9 = 2.1 vs. 86 = 1.8, p < .001) HGB, and
had higher HGB values every day in the hospital. There were
similar results when patients were stratified by mortality. Higher
HGB was associated with reduced risk of poor cutcome (modified
Rankin Scale, 4-6) at 14 days/discharge and 3 months after
correcting for Hunt and Hess grade, age, history of diabetes, and
cerebral infarction. Length of stay and HGB interacted such that
lower HGB has a more pronounced effect with length of stay > 14
days.

Conclusions: Higher HGB values are associated with improved
outcomes after SAH at 14 days/discharge and 3 months. In
contrast to general critical care patients, SAH patients may ben-
efit from higher HGB. Determination of the optimal goal HGB after
SAH will require separate prospective research. (Crit Care Med
2007, 35:2383-2389) D0OI: 10.1097/01.CCM.0000284516.17580.2C

Ker Worps: anemia; subarachnoid hemorrhage; outcomes; ce-
rebrovascular disorders; transfusion; disability
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Influence of red blood cell transfusion on mortality and long-term
functional outcome in 292 patients with spontaneous subarachnoid

hemorrhage*

H J1 JI

Gregor Broessner, MD: Peter Lackner, MD; Clemens Hoefer, MD; Ronny Beer, MD; Raimund Helbok, MD;
Christoph Grabmer, MD; Hanno Ulmer, Bettina Pfausler, Christian Brenneis, Erich Schmutzhard

Objective: To analyze the influence of red blood cell (RBC)
transfusions on mortality and outcome of patients with sponta-
neous subarachnoid hemorrhage (SAH) and to determine predic-
tors of unfavorable neurologic long-term outcome in this patient
population.

Design: Cohort study with post-intensive care unit (ICU) pro-
spective evaluation of functional long-term outcome.

Setting: Ten-bed neuro-ICU in a tertiary care university hospital.

Patients: A consecutive cohort of 292 patients with spontane-
ous SAH admitted to a neuro-ICU during a 70-month period.

Interventions: None.

Measurements and Main Resulfis: A total of 292 consecutive
patients with SAH were enrolled in the study. At admission, mean
hemoglobin was 13.3 g/dL (+so 1.8 g/dL), comparable in all Hunt
and Hess groups (p = 0.61 by analysis of variance). Seventy-nine
patients received at least one unit of RBC transfusion in the study
period. In-ICU mortality was 20.5% (n = 60). Binary logistic
regression analysis comparing survivors with nonsurvivors found
only higher Hunt and Hess grades (i.e., Hunt and Hess 3-5]) o be
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significantly {p < 0.01} associated with mortality in the neuro-
ICU, whereas transfusion, sex, and even age had no significant
influence. Functional long-term outcome was assessed after a
mean of 3.3 years (so =1.7 years) by evaluating modified Rankin
Scale (mRS) and Glasgow Qutcome Scale {GOS). More than 41% of
all patients have almost fully recovered {i.e., mRS 0-1; GOS 4-5).
Factors associated with unfavorable long-term outcome (i.e., GOS
1-3 and mRS 2-6) were age {odds ratio 1.06; 95% confidence
interval 1.03-1.09; p < 0.01), Hunt and Hess Grade (odds ratio
11.43; 95% confidence interval 4.1-31.9; p < 0.01) but not trans-
fusion (p = 0.46).

Conclusion: Transfusion of RBCs was not associated with
in-neuro-ICU mortality or unfavorable long-term outcome. Of all
patients with SAH, >41% have almost fully recovered with favor-
able neurologic long-term outcome. (Crit Care Med 2009; 37:
1886-1892)

Key Wonos: subarachnoid hemorrhage; long-term outcome; red
blood cell transfusion; mortality
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Abstract

Introduction: Triple-H therapy and its separate components (hypervolemia, hemodilution, and hypertension) aim
to increase cerebral perfusion in subarachnoid haemorrhage (SAH) patients with delayed cerebral ischemia. We
systematically reviewed the literature on the effect of triple-H components on cerebral perfusion in SAH patients.

Methods: We searched medical databases to identify all articles until October 2009 (except case reports) on
treatment with triple-H components in SAH patients with evaluation of the treatment using cerebral blood flow
(CBF in ml/100 g/min) measurement. We summarized study design, patient and intervention characteristics, and
calculated differences in mean CBF before and after intervention.

Results: Eleven studies (4 to 51 patients per study) were included (one randomized trial). Hemodilution did not
change CBF. One of seven studies on hypervolemia showed statistically significant CBF increase compared to
baseline; there was no comparable control group. Two of four studies applying hypertension and one of two
applying triple-H showed significant CBF increase, none used a control group. The large heterogeneity in
interventions and study populations prohibited meta-analyses.

Conclusions: There is no good evidence from controlled studies for a positive effect of triple-H or its separate
components on CBF in SAH patients. In uncontrolled studies, hypertension seems to be more effective in
increasing CBF than hemodilution or hypervolemia.
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Results: Eleven studies (4 to 51 patients per study) were included ([ i ial). Hemodilution did not

change CBF. One of seven studies on hypervolemia showed statistically significant CBF increase compared to
baseline; there was no comparable control group. Two of four studies applying hypertension and one of two
applying triple-H showed significant CBF increase, none used a control group. The large heterogeneity in
interventions and study populations prohibited meta-analyses.

Conclusions: There is no good evidence from controlled studies for a positive effect of triple-H or its separate
components on CBF in SAH patients. In uncontrolled studies, hypertension seems to be more effective in
increasing CBF than hemodilution or hypervolemia.
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Prophylactic hypervolemia

In large prospective controlled studies, prophylactic volume
expansion therapy failed to reduce the incidence of clinical or
TCD-defined vasospasm, did not improve CBF, and had no

effect on outcome [77-79]. In one of those studies, costs and

complications were higher In the group treated with
prophylactic hypervolemia [77]. A small retrospective cohort
reported worsening outcome after discontinuing routine use
of albumin to induce hypervolemia in SAH [80].
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