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BACKGROUND: Minimally invasive thrombolytic evacuation of intracerebral hematoma
is being investigated in the ongoing phase Il clinical trial of Minimally Invasive Surgery
plus recombinant Tissue plasminogen activator for Intracerebral hemorrhage Evacuation
(MISTIE Il1).

OBJECTIVE: To assess the accuracy of catheter placement and efficacy of hematoma
evacuation in relation to surgical approach and surgeon experience.

METHODS: We performed a trial midpoint interim assessment of 123 cases that underwent
the surgical procedure. Accuracy of catheter placement was prospectively assessed by the
trial Surgical Center based on prearticulated criteria. Hematoma evacuation efficacy was
evaluated based on absolute volume reduction, percentage hematoma evacuation, and
reaching the target end-of-treatment volume of <15 mL. One of 3 surgical trajectories was
used: anterior (A), posterior (B), and lobar (C). Surgeons were classified based on experience
with the MISTIE procedure as prequalified, qualified with probation, and fully qualified.
RESULTS: The average hematoma volume was 49.7 mL (range 20.0-124), and the mean
evacuation rate was 71% (range 18.4%-99.8%). First placed catheters were 58% in good
position, 28% suboptimal (but suitable to dose), and 14% poor (requiring repositioning).
Posterior trajectory (B) was associated with significantly higher rates of poor placement
(35%, P = .01). There was no significant difference in catheter placement accuracy among
surgeons of varying experience. Hematoma evacuation efficacy was not significantly
different among the 3 surgical approaches or different surgeons’ experience.
CONCLUSION: Ongoing surgical education and quality monitoring in MISTIE Il have
resulted in consistent rates of hematoma evacuation despite technical challenges with the
surgical approaches and among surgeons of varying experience.
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this work. C ontemporary management of intrac-
erebral hemorrhage (ICH) has evolved
over time, with a resurging interest in
surgical hematoma evacuation aimed at abating
secondary insults after ICH. Nevertheless,
most studies on surgery for ICH evacuation
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have been, at best, neutral, suggesting that
the benefit of hematoma evacuation may
be potentially neutralized by the requisite
surgical trauma.!"* This has driven investigators
to design and test novel surgical techniques
that can achieve hematoma evacuation while
minimizing brain injury by avoidance of wide
exposure, retraction, and manipulation.>® The
minimally invasive surgery plus recombinant
tissue plasminogen activator for intracerebral
hemorrhage evacuation (MISTIE) technique
addresses these goals using combined mechanical
and pharmacological approaches. The technique
involves a single pass image-guided cannulation
of the hematoma, through which an initial
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1-time aspiration is performed and a catheter is placed, followed
by irrigation with serial doses of thrombolytic agent [recom-
binant tissue plasminogen activator (rtPA)] with ongoing passive
drainage.’

Several studies have advocated the feasibility, safety, and
efficacy of the novel technique culminating with the MISTIE
phase II trial.”? The results confirmed safety and apparent
outcome benefit among 96 subjects from 26 sites with stable,
sizable ICH, randomized to minimally invasive surgery and rtPA
vs best medical treatment.'® The phase II experience also demon-
strated the importance of accurate catheter location in mediating
clot evacuation efficacy and potential benefits of the technique. In
contrast to thrombolysis in intraventricular hemorrhage, in which
the thrombolytic agent is administered via a standard ventricu-
lostomy catheter, the surgical technique in MISTIE could be
rather challenging for neurosurgeons of varying experience levels,
including the execution of different trajectories of targeting the
ICH and direction of catheter to an entire “volume target” rather
than a point target. The ongoing MISTIE III trial has incorpo-
rated protocols of surgeon education and mentoring guidance
about the choice of different surgical trajectories for ICH in
various locations, and quarterly ongoing assessment of catheter
placement accuracy and the efficacy of the surgical task.” With the
ongoing phase III trial surpassing the midpoint of enrollments, we
have assessed the impact of the different surgical trajectories and
surgeon experience on actual surgical performance.

METHODS

Protocol, Patients, and Surgeon Experience

The inclusion/exclusion criteria and protocol of the MISTIE IIT
trial (Clinicaltrials.gov NCT01827046), approved by each local ethics
committee prior to site activation, have been published and reviewed
elsewhere.®!1:12 MISTIE is a first-of-kind phase 111, explanatory trial
with a PROBE design.'? The trial was launched in January 2014 and
is designed to enroll 500 subjects with 30 mL or greater supratentorial
ICH after verified stability of clot volume, reversal of coagulopathy, and
exclusion of underlying vascular etiology other than presumed hyper-
tension or amyloid angiopathy. Enrolled subjects are randomized equally
to receive the MISTIE surgical intervention or otherwise be managed
per guidelines-driven best medical and critical care management. We
performed a midpoint interim assessment of 125 subjects randomized
to the surgical arm among the first 250 cases enrolled in the trial. We
excluded from analysis 2 subjects who were randomized to the surgical
arm but did not actually receive the intervention, one because of recon-
sideration of consent by the patient and investigator, and another because
of rapid clinical deterioration and emergent open surgical evacuation.
Our analysis therefore involved 123 subjects who underwent the MISTIE
surgical task.

Surgeons were categorized based on their experience with the
technique at the time of performance of the surgical task as (1) prequal-
ified, (2) qualified with probation, and (3) fully qualified. Prequalified
surgeons are fully trained neurosurgeons, privileged by their respective
hospitals or local authority, who have performed at least 3 image-guided
or stereotactic catheter aspiration or placement procedures outside
MISTIE and completed the MISTIE surgical training modules. Surgeons
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are promoted to “qualified with probation” or “fully qualified” after
successfully performing the MISTIE procedures on up to 3 or more
than 3 cases, respectively. Prequalified surgeons are mentored by a fully
qualified trial surgeon on site, or by telephone or internet, with the
mentor reviewing the steps of the procedure and answering any technical
questions that may arise.

Surgical Approaches and Catheter Placement Accuracy

The MISTIE protocol specified 3 main surgical approaches for
evacuating intracerebral hematomas of different anatomic location and
morphological features.' These are trajectory A (anterior), B (posterior),
and C (lobar). Surgical approach A is used for a deep-seated ICH
occupying the anterior basal ganglia and has an entry point at the
forehead; the trajectory of the catheter must be along the longitu-
dinal axis of the hematoma. Approach B is used for a deep-seated ICH
occupying the posterior basal ganglia or thalamus and has an entry point
in the parietal-occipital area, frequently several centimeters lateral from
the midline to avoid the occipital ventricular horn; the trajectory of
the catheter has to be along the longitudinal axis of the hematoma.
Approach C is used for lobar ICH and has an entry point at the super-
ficial area closest to the hematoma with a trajectory along the widest, or
“equatorial,” axis of the clot (Figure 1).

Catheter placement was assessed pragmatically in real time by the
trial’s Surgical Center, overseen personally by IAA or MZ (rotating on
call). Catheter was deemed in a good position when placed along the
entire longitudinal axis (defined as at least two-thirds of longitudinal
length) of the hematoma with the fenestrated segment in the epicenter
of the clot, circumferentially surrounded by the hematoma.’® Subop-
timal placement was defined as a catheter over or undershooting the
target position or in eccentric location, yet fully engaging the ICH and
suitable for dosing. Poorly placed catheters were defined as not engaging
the ICH (ie, catheter perforations not in contact with the clot), not
allowing safe/effective dosing, hence requiring replacement. In cases in
which catheter replacement was done, the initial catheter placement was
used for accuracy assessment in our analyses.

Efficacy of Hematoma Evacuation

All determinations of ICH volume were centrally assessed by the trial
Reading Center based on computed tomography (CT) scans uploaded
electronically as Digital Imaging and Communications in Medicine
(DICOM) images by the enrolling sites, and results were stored on the
trial’s database. Stability ICH volume was that assessed at least 6 h after
a prior scan demonstrating no further expansion of ICH by 5 mL or
greater. End-of-treatment ICH volume was assessed on the CT scan
performed 1 d after removal of the hematoma catheter. Three param-
eters were used to assess efficacy of hematoma evacuation: (1) absolute
volume reduction, representing the stability minus end-of-treatment
ICH volume; (2) fraction of ICH evacuated, representing the ratio of
absolute volume reduction to the stability volume; and (3) fraction of
subjects reaching a target end-of-treatment volume of less than 15 mL.

Statistical Methods

Data was retrieved from the MISTIE III trial database (VISION
EDC system, software provided by Prelude Dynamics Inc., Austin, Texas;
study-specific implementation design developed by Emissary Interna-
tional LLC, Austin, Texas). The prevalence of cases with “poor” catheter
placement was assessed in the whole cohort and in cases with different
surgical approaches and surgeons’ experience. The 3 measures of ICH
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FIGURE 1. Surgical approaches in MISTIE II1. A, Trajectory A is used when ICH epicenter is at the caudate, putamen, or anterior capsule,
with an entry point at the forehead. B, Trajectory B is used when ICH epicenter is posterior capsular or thalamic, with an entry point in the
posterior parietal-occipital area. C, Trajectory C is used for lobar ICH and has an entry point at the superficial area of the ICH closest to the
cortical surface, with a trajectory along the widest, or “equatorial,” axis of the cloz.

evacuation efficacy were evaluated in the whole cohort and in subgroups
with different surgical trajectory and surgeon experience (see below).
Individual and cumulative hematoma evacuation rates were plotted for
the whole cohort to elucidate any improvement over time.

To assess placement accuracy in each surgical trajectory, a Pearson
chi-square test was used to compare the proportion of cases with poor
placement vs those with good and suboptimal placement, and these
were used to calculate the corresponding relative risk of poor catheter
placement per trajectory. Similar analysis was used to compare poor
placement by prequalified surgeons, those qualified with probation, and
fully qualified surgeons. We used Fisher’s exact test to compare the rates
of poor catheter placements between surgeon qualification groups in each
of the 3 trajectories.

For the efficacy of ICH evacuation analysis, a general linear model was
conducted, considering the unbalanced sample sizes to compare absolute
reduction, fraction ICH evacuation, and fraction of subjects reaching
a target end-of-treatment volume of less than 15 mL. Comparison was
performed between trajectories A, B, and C and again between prequal-
ified, qualified with probation, and fully qualified surgeons. SAS 9.4 (by
SAS Institute Inc., Cary, North Carolina) was used to conduct the statis-
tical analyses. A P value of .05 or smaller determined statistical signifi-
cance.

RESULTS

Our trial midpoint interim analysis was based on 123 subjects
enrolled in the MISTIE III trial, randomized to the surgical
arm and receiving the surgical intervention. Average stability
volume prior to randomization was 49.7 mL (20.0-124.1), and
the average absolute hematoma volume reduction was 71% (range
18.4%-99.8%). Seventy-two percent of subjects achieved the
target end-of-treatment volume of less than 15 mL by the end
of the dosing protocol. Surgeons performing the procedure were
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prequalified in 56% of cases (n = 69), qualified with probation
in 23% (7 = 28), and fully qualified in 21% (n = 26). Surgical
approaches A, B, and C were used in 58 (47%), 26 (21%), and
39 (32%) cases, respectively.

Placement Accuracy

Based on Surgical Center assessment of first placed catheters,
71 (58%) were in good position, 35 (28%) suboptimal, and
17 (14%) in poor position. Except for 2 cases in which dosing
was omitted (sufficient hematoma was aspirated mechanically),
all catheters deemed in poor position were replaced before
dosing. Table 1 summarizes catheter placement accuracy per
trajectory and surgeon experience levels. Trajectory C was the
most accurate among surgical approaches, with the highest ratio
of catheters in good position (67%) and a low incidence of poor
placement (10%). Trajectory A, the most commonly utilized
surgical approach, showed a comparable rate of good catheter
placements (62%) and the lowest incidence of poor placements
among the 3 approaches (7%; difference of respective rates of
placement accuracy between approaches A and C not statistically
significant). Trajectory B was associated with a significantly higher
proportion of poor catheter placement compared to the other
approaches (35% relative risk 2.5 confidence interval 1.26-4.99
P=.01).

When stratified based on surgeon experience, good catheter
position on initial placement was achieved by 59% of prequal-
ified surgeons, 50% of qualified-with-probation, and 62% of
fully qualified surgeons (differences not statistically significant).
The incidence of poor catheter placement requiring replacement
trended inversely with surgeon experience, showing a 17%, 14%,
and 4% rate for prequalified, qualified with probation, and
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fully-qualified surgeons, respectively, but this trend did not reach
statistical significance (P = .09).

We then queried the impact of surgeon experience level on
placement accuracy in each surgical approach individually. Fully
qualified surgeons were found to demonstrate lower rates of
poor catheter placement compared to prequalified surgeons;
however, this did not reach statistical significance (0% vs 11.1%
in trajectory A, 20% vs 54% in trajectory B, and 0% vs 10% in
trajectory C).

Hematoma Evacuation

Table 2 summarizes the 3 measures of hematoma evacuation
efficacy per trajectory and surgeon experience levels. Trajectory
B had the highest hematoma evacuation efficacy based on mean
absolute and percent volume reductions of 38.2 mL and 74%,
respectively. The highest rate of achieving the target end-of-
treatment volume <15 mL was seen in trajectory A (79.3%).
These differences in hematoma evacuation efficacy among the
different approaches were not statistically significant.

Fully qualified surgeons were the most efficient in hematoma
evacuation, achieving largest mean absolute volume reduction
(37.3 mL), largest mean relative reduction (74.9%), and target
end-of-treatment volume of <15 mL (80.8%). Differences in
hematoma evacuation efficacy among surgeons of different levels
of experience were not statistically significant.

Overall measures of hematoma evacuation efficacy have been
consistent during the course of the trial to date (Figure 2).
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FIGURE 2. Efficacy of hematoma evacuation over time. A graph illustrating
the distribution of clot evacuation rates in subjects randomized to the surgical
arm in the first half of the trial. The plot also shows the overall consistency of
ICH evacuation efficacy over time as demonstrated by average clot evacuation
rate and percentage of subjects reaching target end-of-treatment volume <15
mL. Two cases experienced hematoma size expansion by the end of treatment
resulting in a negative clot evacuation rate.

DISCUSSION

Perseverance in the refinement and modification of novel
surgical techniques continues to be driven by the unsatisfactory
outcome of best medical treatment or conventional surgery
by open craniotomy for ICH.'>!® Several techniques have
been proposed that share some similarities in the principles

TABLE 1. Catheter Placement Accuracy in Different Surgical Approaches and Among Different Surgeon Experience Levels
n Good Suboptimal Poor RR* cl P-value*

Trajectory A 58 36 (62) 18 (31) 4(7) 0.50 0.18-1.42 a7
Trajectory B 26 9 (35) 8(31) 9 (35) 2.50 1.26-4.99 .01
Trajectory C 39 26 (67) 9(23) 4(10) 0.74 0.27-2.07 .56
Surgeon prequalified 69 41 (59) 16 (23) 12 (17) - - -
Surgeon qualified with probation 28 14 (50) 10 (36) 4(14) 0.82 0.29-2.33 7
Surgeon fully qualified 26 16 (62) 9 (35) 1(4) 0.22 0.03-1.62 .09

*Relative risk of poor catheter placement is calculated by comparing each trajectory to the whole group. For surgeons’ experience, fully qualified and qualified-with-probation

surgeons were compared to prequalified surgeons as a reference.
Cl, confidence interval; RR, relative risk.

TABLE 2. Efficacy of Hematoma Evacuation in Different Surgical Approaches and Among Different Surgeon Experience Levels
Trajectory  Trajectory  Trajectory Qualified with Fully
A B C P-value  Prequalified probation qualified  P-value
n 58 26 39 = 69 28 26 =
Absolute reduction (mL) 347 36.8 327 .63 34.9 31.2 373 42
Fraction evacuated (%) 72.9 7 68.4 .58 71.8 66.4 74.9 32
% of subjects reaching <15 mL 79.3 61.5 66.7 18 69.6 67.9 80.8 .50
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of approaching and evacuating the hematoma with minimal
invasiveness but differ in physical and technical means of evacu-
ation.'”"?* Current guidelines on ICH management pronounce
uncertainty of the effectiveness of minimally invasive hematoma
evacuation with stereotactic or endoscopic aspiration with
or without thrombolytic usage (class IIb; level of evidence
B).lé

These various techniques of minimally invasive ICH evacu-
ation are undergoing preliminary evaluation of safety and efficacy,
with the MISTIE technique having undergone the most rigorous
optimization to date in phase II trial and currently being assessed
in an ongoing phase III prospective randomized trial. The
MISTIE protocol comprises a mechanical component (cannula
aspiration) and pharmacological component (rtPA instillation
though implanted catheter) to achieve a rather gentle hematoma
evacuation over a period of 72 h.® Several convenience sample
reports have demonstrated the safety and feasibility of this
approach.>%17:21-26 More importantly, results from 96 subjects
enrolled in MISTIE II have shown potential therapeutic benefit
in short- and long-term functional outcomes and need for long-
term care.'”

The Surgical Center-monitored experience from the phase
IT trial taught us that efficacy of the MISTIE surgical task is
directly related to satisfactory catheter placement.!” This allowed
the optimization of catheter trajectory selection and the training
of surgeons to help optimize the surgical task.” The ongoing
phase III trial has tasked a Surgical Center team with qualifying,
mentoring, and monitoring surgical performance. However, it
was not known until now how often catheters can be placed satis-
factorily by surgeons at different levels of experience and how
consistently ICH evacuation can be executed. Ongoing results
from MISTIE III allowed us to query these performance issues
at the midpoint of the trial.

Our findings suggest that placement accuracy varies depending
on the technical difficulty of the surgical trajectory. Poor
placement was more commonly encountered with the posterior
approach (trajectory B) regardless of the surgeon’s experience.
The relative ease in targeting the hematoma in the anterior
and lobar approaches could be due to a more accurate
neuronavigation using the facial anatomic landmarks or the
proximity of the hematoma to the vertex, respectively. The
posterior approach often requires angling of the trajectory
through the burr hole, rather than a more direct route perpen-
dicular to the burr hole with anterior and lobar approaches.
These challenges, particularly with the posterior approach, will
motivate technical innovations, aimed at enhancing catheter
placement accuracy. Techniques to improve catheter positioning,
such as ultrasound,””* endoscopy,® improved neuronavi-
gation,’3? or even smartphone-based solutions,® have been
proposed in the literature. Some simulation modules for external
ventricular drain insertion may also be applied.** Analysis
also showed that rates of poor placement were inversely
related to surgeons’ experience, a relationship that approached
statistical significance. This impact of surgeon experience on
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placement accuracy was maintained when correcting for the
surgical approach, denoting a better performance by fully
qualified surgeons even with the technically challenging posterior
approach.

Efficacy of hematoma evacuation reflects both the surgical
performance of the operator and ongoing education and oversight
at the Surgical Center. Monthly safety webinars are a component
of the ongoing performance improvement plan in the trial.
Lessons learned herein have been shared with surgeons at all
levels of experience. We note that the initial catheter placement
accuracy reported herein did not reflect the final placement
after adjustment or catheter replacement, and many cases
with pragmatically assessed suboptimal catheter placements still
achieved good rates of hematoma evacuation. Nevertheless,
important lessons were learned that will motivate improvement
in surgical technique.

In this analysis, we used the 3 volumetric parameters to assess
the immediate efficacy of the MISTIE procedure in evacuating
the hematoma. All parameters showed consistent rates of evacu-
ation among different surgical approaches and in the hands
of surgeons of different experience levels with the procedure.
The equivalent efficacy of hematoma evacuation indicated that
catheters were replaced when needed, ultimately achieving the
desired hematoma evacuation. This adds confidence regarding the
internal consistency of the surgical task within the trial and its
ultimate generalizability to the surgical community at large. This
information will be useful to surgeons who are integrating the
MISTIE procedure in their practice and will help in the ultimate
interpretation of trial results.

Results from this analysis also do not clarify technical
challenges faced and learned in each case. An example is the obser-
vation of higher poor placement rates in the posterior approach
(B) with a tendency for medial deviation of the trajectory.
Common technical pitfalls encountered in these cases included
failing to use posterior fiducials for image-guided neuronavi-
gation and using smaller and/or too medial burr holes, with
limited angles of freedom, forcing the cannula along a more
medial trajectory than intended. The amount of blood suctioned
by cannula prior to catheter placement is also highly variable,
depending on clot consistency and possibly surgeon experience.
We have noted cases in which thorough aspiration resulted in
suboptimal catheter location that had targeted the original clot.
Often, blood is mixed with necrotic brain at initial aspiration
regardless of catheter placement accuracy. We do not have specific
information about the consistency of blood evacuated in good vs
poor placement cases.

Differences in adverse events or surgical complications in
relation to surgical performance were not addressed in this report.
The latter are being monitored closely and the rates have been very
low, not allowing any meaningful comparison at this stage of the
trial. Finally, it is worth emphasizing that these results on ICH
evacuation efficacy (surgical task efficacy) do not imply a long-
term outcome benefit of MISTIE, which must await the results
of the trial.
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CONCLUSION

We have identified challenges with different surgical
approaches in the MISTIE task at various levels of surgical
experience. Ongoing education and mentoring allowed consistent
rates of hematoma evacuation efficacy despite these challenges.
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COMMENTS

he optimal treatment for intracerebral hemorrhage (ICH) remains
one of the most controversial topics in neurosurgery. It remains
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the deadliest and most disabling stroke, with a high economic burden
worldwide. Recent literature showed promising result with minimally-
invasive treatments. These include minimally invasive clot evacuation
with stereotactic or endoscopic aspiration with or without thrombolytic
usage. However, these results deserve careful interpretation.

First of all, most of these trials selected patients with stable clots
demonstrated by follow-up CT scan after 6 hours. This is true for the
MISTIE trial here, and also the recently published INVEST and ICES
trials.""? These minimally invasive treatments have not only decreased the
mortality, they also demonstrated the potential to enhance neurological
recovery.” This is rarely seen in the treatment of ICH and is very encour-
aging. However, we must be aware that a majority (25%) of ICH patients
deteriorate within the first few hours of ictus (especially those patients
with spot sign or black hole sign®) and may require clot evacuation. The
interesting questions is will these minimally invasive treatments decrease
mortality and enhance neurological recovery in this group of patients as
well?

The main reason why most of these trials require demonstration of a
stability scan is that a previous study showed ultra-early surgery within
4 hours after ictus is associated with high rebleeding rate. However,
this data was generated from a study using ultra-early craniotomy (as
opposed to minimally invasive treatment) that involved 24 patients and
the rebleeding rate was 40%.% However, minimally invasive treatments
has been applied to a many patients in early stage with low rebleeding rate
in the range of 0-3.3%.%7+% It would be great to see if we can further
expand minimally invasive treatment like MISTIE to benefit this group
of patients in the future.

One of the most important criteria for the success and good outcome
of patients enrolled in the surgical arm of the MISTIE trial is catheter
location. This lead to the creation of the Surgical Trial Center which have
a crucial role in this trial. We do think the high rate of misplacement of
the catheter in the posterior trajectory can be improved with training
and also new technologies such as virtual reality and augmented reality
which has been applied successfully to many emergency cases before.”
Finally, we are very excited about the progress in the MISTIE trial and
look forward to applying this technique to our selected patients.

Abel Po-Hao Huang
Taipei, Taiwan
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A s the authors state, minimally invasive surgical evacuation of intrac-
erebral hematoma with aspiration and subsequent thrombolysis is
investigated in the ongoing phase III clinical trial (MISTIE III). This
research was done to assess the accuracy of catheter placement and
efficacy of hematoma evacuation in relation to surgical approach and
surgeon experience. They performed a trial midpoint interim assessment
of 123 cases who underwent the surgical procedure. Accuracy of catheter
placement was prospectively assessed by the trial. The found that the
average hematoma volume was 49.7 mL (range 20.0-124), and the mean
evacuation rate was 71% (range 18.4-99.8). First placed catheters were
58% in good position, 28% suboptimal (but suitable to dose), and 14%
poor (requiring repositioning). Posterior trajectory (B) was associated
with significantly higher rates of poor placement (35%, P = .01). There
was no significant difference in catheter placement accuracy among
surgeons of varying experience. Hematoma evacuation efficacy was not
significantly different among the three surgical approaches, or different
surgeons’ experience.

This is a well-written paper and, as the authors state, it is important
to have of rigorous surgical oversight for surgeons new to the technique.
To me the new interest in the surgical evacuation is encouraging as the
STICH trial may have not accurately reflected the results of surgical
evacuation using modern techniques such aspiration and subsequent
thrombolysis as well as the newer techniques such as using a tube or
cannula to remove the hematoma.

Gavin W. Britz
Houston, Texas
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