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poor prognosis, which can lead to the withdrawal of sup-
port for many patients.8,72 It has been shown that ICH size 
is a powerful determinant of outcome,14 and therefore, the 
concept of a timely reduction in hemorrhage size with an 
attendant decrease in secondary edema, shift, and the late 
toxic effects of blood products is appealing. Early sur-
gery for ICH evacuation has been an attractive concept; 
however, severe initial damage from the ICH, additional 
surgical trauma, and rebleeding are factors that can limit 
the ability of early evacuation to improve outcome.43,49,64

Recent studies have identified a number of factors that 
can influence the outcome of spontaneous ICH, including 
unstable blood pressure, continued bleeding at the time 
of presentation,7,37 rebleeding,23 progressive edema24 with 
shift, and herniation.

The results of well-controlled trials have not shown 
an overall benefit of surgery over medical management. 
Subgroup analysis of the STICH and other trials suggests 
that patients with more peripherally located hemorrhages 
may experience a greater benefit from surgical treatment 
than from medical management.58 This finding has led to 
the initiation of STICH II, which will preselect patients 
who may be more likely to benefit from surgical treat-
ment based on clinical factors and patients with more 
peripherally located hemorrhages and less central dam-
age.13,44

Since the advent of stereotactic neurosurgical meth-
ods, a number of surgeons have devised strategies using 
minimally invasive, stereotactically directed devices or 
catheters that used an Archimedes screw design to mor-
celize and suction pieces of solid blood clot to facilitate 
evacuation.5 Other investigators have described modi-

fications of this device to promote active mechanical 
ICH removal via catheters.28,53 Auer et al.4 performed a 
prospective randomized trial of minimally invasive en-
doscopic suction removal of spontaneous ICH compared 
with medical treatment in 100 patients and found an im-
proved outcome in the surgically treated group. Stereo-
tactic catheter placement and delivery of thrombolytic 
substances for liquefaction and drainage of intraparen-
chymal hemorrhage have also been reported in a num-
ber of case series.6,15,39,45,48,60,65,66,69 Encouraging results of 
minimally invasive methods for ICH removal have led to 
recommendations by an ICH working group appointed 
by the National Institutes of Health, which support the 
further exploration and development of these methods.52 
The use of rt-PA to accelerate lysis and facilitate catheter 
drainage of IVH has also been documented in a num-
ber of case series.27,47,51,54,59 The encouraging results have 
led to a multicenter trial to randomize 500 patients with 
primary IVH to either ventricular drainage alone or ven-
tricular drainage together with IVH lysis using rt-PA.58

The method of ICH removal detailed in the present 
report offers some distinct advantages over previously 
described approaches and was made possible based on 
the development of several new technologies: 1) a por-
table navigation system that can be used at the bedside, 
offering the potential for accurate device placement;25 2) 
portable CT scanning, which promotes the advantage of 
placing and confirming the catheter position within the 
ICH and monitoring the treatment effect while minimiz-
ing patient transport;19 and 3) microcatheters that can de-
liver ultrasound energy to a target site in the brain. The 
fact that resolution of the majority of the mass effect from 
the hematoma occurs gently over the first 24 hours of so-
nothrombolysis treatment without much surgical manipu-
lation offers some practical and theoretical advantages 
over other methods. Mechanical thrombectomy has the 

FIG. 4.  Graph showing sequential ICH volume plots in the patients 
with parenchymal hemorrhages, expressed as the percentage reduc-
tion in hemorrhage volume relative to the stability scan obtained prior to 
the 24-hour treatment interval. Note that in the patient in Case 6, there 
is much less ICH clearance than in the remaining patients. The patient 
in Case 6 received the same rt-PA dose as the other patients; how-
ever, ultrasound was delivered for only 9 hours because the ultrasound 
catheter was fractured during patient transfer to the CT scanner for an 
interval control scan.

FIG. 5.  Graph showing sequential IVH volume plots in the patients 
with primarily IVH, expressed as the percentage reduction in hemor-
rhage volume relative to the stability scan obtained prior to the 24-hour 
treatment interval.
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disadvantage of being a slow procedure with the need for 
continued manipulation of the tip of the thrombectomy 
device and incomplete collapse of a hematoma into the 
thrombectomy site. An advantage of the lysis procedure 
used in our study lies in the fact that once the sonothrom-
bolysis device is placed, the remainder of the procedure 
is relatively hands free, except for the rt-PA injections, 
because the ultrasound runs continuously. The rapidity of 
ICH removal using this method also has advantages over 
rt-PA injections alone, including a shorter treatment time, 
a reduced total dose of rt-PA, and a potentially shorter 
time that a drainage catheter remains in place.

Ultrasound for the acceleration of hemorrhage ly-
sis has gained increasing attention given the promising 
clinical results of its direct delivery via microcatheters 
for intraarterial and intravenous use16,50,55 and of its trans
cranial delivery for the lysis of intraarterial thrombus in 
acute stroke.1–3,20,46 Laboratory studies on its influence on 
thrombolysis have revealed that it has a marked effect 
on increasing the speed of clot lysis in a frequency- and 
intensity-dependent fashion.9–11,17,21,22,33,56,62,63 Ultrasound’s 
beneficial effect on increasing the speed and complete-
ness of thrombolysis via rt-PA is not created by alter-
ing the speed of the chemical reaction causing thrombin 
breakdown.10 Instead, ultrasound appears to increase the 
permeability of the formed clot to the rt-PA molecules, 
allowing the drug to penetrate to binding sites within the 
clot structure, facilitated by a phenomenon called “acous-
tic streaming,” which is thought to mix thrombolytic sub-
stances within the structure of the thrombus.21 A safety 
study in animals has indicated that tissues appear to toler-
ate prolonged high-frequency ultrasound exposure with-
out evidence of damage to vascular structures.61

Several limitations to our approach in treating ICH 
should be noted. We did not include patients whose con-
dition was rapidly deteriorating from the early progres-
sion of ICH or mass effect and who were candidates for 
immediate surgical evacuation. We also excluded patients 
with continued expansion of the ICH from active bleed-
ing until their condition stabilized, which limited the ap-
plication of our method to a subset of patients with stabi-
lized hemorrhages. It has been reported that a significant 

proportion of patients have active bleeding at the time of 
presentation to the hospital as documented on contrast-
enhanced CT.7,18,35,36,40,41 Efforts to address this issue have 
included the treatment of coagulation disorders and the 
investigation of treatment with systemic recombinant fac-
tor VII for ICH; however, a larger prospective random-
ized trial did not reveal an overall benefit in survival after 
ICH in patients treated with factor VII versus placebo, 
despite the fact that expansion of the ICH was reduced by 
treatment overall.40 There is some indication that patients 
with active bleeding at the time of presentation may con-
stitute a subgroup with an increased chance of benefitting 
from treatment with factor VII.42 Therefore, our patients 
were in a selected group that became stable but had the 
potential to progress to a poor outcome due to secondary 
deterioration from edema and secondary injury as well as 
from medical complications, which are frequent occur-
rences in patients with ICH volumes > 25 ml.

We included patients who had IVHs since they might 
also greatly benefit from the rapid removal of hemorrhage 
from the ventricle.51 Lysis and clearance of the hemor-
rhage in the lateral ventricle by using ultrasound and rt-
PA allowed for the control of CSF drainage in 2 of our 
patients as well as clearance of the blood clots in the third 
and fourth ventricles within 24 hours. One of our patients 
had IVH primarily in the right trigone and temporal horn 
and a smaller amount of IVH in the lateral ventricle. 
Clearance of the IVH was not as complete in this patient 
because of the initial use of only one catheter and the 
extensive nature of the hemorrhage.

This initial safety study has demonstrated that the di-
rect delivery of ultrasound and thrombolytic substances 
into ICH or IVH for lysis and drainage appears to be well 
tolerated and results in a markedly increased rate of clot 
resolution, as compared with the natural history of clot 
absorption or as compared with the delivery of rt-PA in 
the same dose schedule and catheter drainage without ul-
trasound (D. Hanley and CLEAR and MISTIE studies, 
unpublished data). It should be noted, however, that the 
comparison of our results with those of the CLEAR and 
MISTIE studies was not controlled for factors that might 
influence the lysis rates including the size of the hemor-

TABLE 1: Summary of patient characteristics and clinical results of treatment*

Case No. Age (yrs), Sex Site Treated 
NIHSS Score 

Deaths w/in 30 Days Infections RebleedBefore Tx 30 Days After Tx

1 55, M IVH 25 11 no no no
2 61, M ICH 22 22 no no no
3 82, F ICH 7 4 no no no
4 68, M IVH 23 died yes no no
5 83, F ICH 15 8 no no no
6 56, F ICH 4 2 no no no
7 59, M ICH 31 9 no no no
8 38, M ICH 20 2 no no no
9 70, M IVH 11 10 no no no

average 63 17.6 8.5 1 0 0

*  NIHSS = National Institutes of Health Stroke Scale.
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rhage and the location of the catheter. Moreover, the pa-
tients in the CLEAR and MISTIE groups were from mul-
ticenter studies and were retrospectively compared with 
our patients. We also acknowledge that we had a small 
number of patients in each category, which makes direct 
comparisons problematic.

Conclusions
Additional trials with a redesigned catheter are need-

ed to confirm our results in a larger population and to 
study the effect of minimally invasive accelerated clot 
removal using sonothrombolysis to improve outcomes in 
patients with ICH and IVH.
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