
SUMMARY
Intracerebral hemorrhage (ICH) is a leading cause of death and long- 
term disability in the United States.  The economic costs related to 
ICH have increased in the last decade when ICH was approached  
surgically through standard craniotomies.  The last few years have 
shown enthusiasm in approaching ICH with minimally invasive  
approaches but the timing of surgery remains very variable.  We have 
approached ICH surgically at our institution with minimally invasive 
parafascicular surgery (MIPS) since 2015.  As our experience grew, we 
have adopted changes in channeling our patients from the emergency 
room to imaging areas in order to improve efficiency.  This has  
translated into patients being operated on sooner from their last 
known normal (LKN) with a goal of surgery within 8 hours of LKN.
Patients with early MIPS surgery (<8h LKN) have shorter hospital 
stays, less need for imaging and shorter amount of time of ventilator 
dependency.  Significant economic cost savings were obtained.
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In 2017, there were 795,000 strokes in the United States.  Stroke is the 5th leading 
cause of death and the leading cause of serious long-term disability 1.  The estimated 
cost of stroke is $34 billion per year2.  

Spontaneous ICH accounts for 10% of all strokes and is known to have a  
significantly higher rate of mortality and disability than ischemic stroke.  A slight 
trend in decreasing in-hospital deaths has been reported for ICH from 2006 to 2014, 
probably due to improved supportive care (23.9% vs 20.4%)3,6.  Economically, the 
costs of ICH care has increased considerably during that time from $63,831 per 
patient to $112,833 per patient3 while the average length of stay (LOS) has  
remained unchanged from 8.9 days to 8.3 days3.

National data from 1993 to 2002 suggests that 6.9% of ICHs are treated surgically9.  
High volume surgical centers, which operated on a higher percentage of their  
overall ICHs, have decreased mortality of up to 20% compared to low volume  
centers9.  The presence of a postoperative complication lengthens the mean LOS by 
5 days and nearly doubles the mortality rate.  Each postoperative  
complication also increases costs.  The mean LOS for surgically treated patients is 
higher3,9.  

The standard surgical approach to treat spontaneous supratentorial ICH at our 
institution has been MIPS since 2015.  Timing of surgery in this patient population 
has not been well defined.  We have modified some of the patient flow between the 
emergency room and imaging suites in order to decrease times from LKN to surgery 
in this patient population with the belief that a goal of surgery within 8 hours of LKN 
is feasible and may provide significant economic benefits.  Our approach has been 
to mimic some of the lessons learned in the treatment of ischemic stroke for large 
vessel occlusion.

Rationalization for Early Surgery in ICH:

ED Length of Stay and its Impact on ICH patients
Patients with ICH who have a prolonged stay in the ED tend to have worsened 
functional outcomes4 compared to similar cohorts with a shorter stay.  The rate of 
patients requiring intubation and mechanical ventilation in the ED is high (32.3%)4; 
which suggests a high rate of patients who deteriorate in the first few hours after 
onset of their ICH.  
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Study the impact of early (<8h) versus late (8 to 24h) MIPS surgery on LOS, number 
of days of mechanical ventilation and total need for CT head imaging performed.

Spontaneous supratentorial ICH patients treated with MIPS were analyzed as 2 
groups; early (n=5) versus late (n=8) MIPS.  The early surgery group arrived in the 
operating room with a mean of 6.9 hours and the late surgery group at 20 hours.   
All hospital deaths were excluded.   All patients who had undergone surgery more 
than 24 hours from LKN were excluded.  The two groups had similar preoperative 
GCS scores (mean of 8 in both groups) an ICH scores (mean of 2.6 in both groups). 
The changes made to optimize efficiency since 2017 have focused on limiting 
transport of patients between the emergency and imaging areas.  All patients had a 
preoperative CTA performed prior to surgery.  Since 2017, the CTA study was used 
for intraoperative navigation using facial registration.  The patient’s LOS in the ICU, 
as well as total LOS, was determined through retrospective chart review.  Patient’s 
number of mechanically ventilated days was recorded and included days through 
endotracheal intubation as well as tracheostomies as long as the patient required 
the presence of a ventilator.  Patient’s frequency of imaging with non-contrast CT 
scans were reviewed.  The cost savings were estimated by using nominal data based 
on the national average cost of a non-contrast CT scan as well as the  
average cost of an ICU day and floor day in US dollars ($).

Burden of Medical Complications in ICH 
Up to 50% of stroke related mortality is due to medical complications5 .  Any  
medical complication increases LOS and costs in ICH and decreases the chance 
of home disposition6.7.  Mechanically ventilated patients have a higher in-house  
mortality, as well as longer LOS7.  They also have higher rates of medical  
complications6.

Economic Costs in ICH
Hospital costs in ICH continue to be a source of concern seen by their increase  
of 75% from 2006 to 20143.  Hospital costs increase as LOS increases but its  
relationship is not linear.  The rate of change in cost per day is the most significant 
in the first 3 weeks of admission8.  This is felt to be related to a higher concentration 
of use of laboratory and imaging studies as well as procedures in that time frame in 
addition to the standard daily ICU cost.  
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Length of Mechanical Ventilation (Days)

Length of Stay

The median length of  
mechanical ventilation 

 is decreased from 
 4.5 days (SD=12.8)  

to 2 days (SD=3.78).   
This represents 

a decrease by 55%.

Median LOS 
is reduced from  
17 days (SD=18.09) to 
14 days (SD=6.22)  
which represents a 
decrease of 17.6%.
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RESULTS

Length of Stay
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Number of NCCT During Hospital Course

Cost Per Patient Estimate

The median number  
of non-contrast CTs 
performed is decreased 
from 5 (SD=1.28) to 3 
(SD=0.7).   
This represents a  
decrease by 40%.

MIPS>8h patient cost  
estimate = $81,19010-13.  

MIPS<8h patient cost  
estimate = $43,241.   

This represents a  
decrease of 47%10-13.
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Early MIPS surgery results in decreased LOS, 
need for mechanical ventilation, and frequency of 
non-contrast CT scans.  Significant economic value 
can be added to the treatment of ICH patients.  All 
centers are encouraged to rethink how ICH patients 
flow in their system in order to achieve maximum 
efficiency and economic savings.
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