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Retrospective Study of Heparin administration for ischemic stroke when there is an IV-TPA 

contraindication 

 

A Safety Analysis 

Douglas Stofko, DO, Erol Veznedaroglu, MD, FACS; Kenneth Liebman, MD, FAGS 

Stroke and Cerebrovascular Center of New Jersey, Capital Health System, Trenton, New Jersey 

 

Abstract 

Background: Most patients who are diagnosed with an ischemic stroke arrive after the 3 hour 

time frame allowed for IV TPA administration. Currently, there are not any well documented 

and researched immediate treatment options to begin as these patients are being transferred or 

in a waiting phase for images or surgery. This study is looking to fill the void of 

administering intravenous weight based heparin as a treatment option for patients who 

present within 24 hours post ischemic stroke but with a contraindication to IV TPA,  

Methods: The study was designed to test whether an anticoagulation regimen of intravenous 

heparin, in patients with a contraindication to IV TPA, administered within 24 hours of an 

acute ischemic stroke could be effective and safe. A retrospective review of 257 patients, 223 

which received intravenous heparin within 24 hours post ischemic stroke. Pretreatment 

National Institutes of Health Stroke Scale (NIHSS) and detailed medical history were 

analyzed. Heparin was started with no bolus and infused at a rate to maintain activated partial 

thromboplastin time ration 2.0 to 2.5 x control for average of 4 days. The primary endpoint 

was to analyze patient outcome. This will be done by analyzing length of stay, medical 

complications during hospital stay, location of discharge compared to pre-stroke 

residence and NIHSS pre and post admission. Safety end points are bleeding 

complications, which will be examined until patient improves or is discharged 

Results: A total of 257 stroke patients were included. 223 (86.8%) received only IV heparin. 

Days on IV heparin ranged 1-18 days with an average of 4 days. Length of stay was 1-36 

days with an average of 8 days. 52 patients received endovascular procedures (23.3%), 2 

patients received subsequent endovascular or cranial procedures (0.9%), 2 patients 

received only cranial procedures (0.9%) and 167 patients received no surgery (74.9%). 

Conclusion: As can be deduced from a survey of the literature, there is a necessity for 

published data regarding immediate treatments for patients presenting with an IV WA 

contraindication. Administration of intravenous heparin within 24 hours of an ischemic 

stroke seems to be safe and warrants further investigation. 
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Introduction 

While heparin is widely used for treatment of acute stroke, currently there are few clinical trials that 

have proven efficacy of intravenous heparin in the treatment of stroke (2, 7). Long term 

studies have been done to show that intravenous heparin administration within 3 hours 

of acute nonlacunar hemispheric cerebral infarction has shown benefit based on long term 

outcomes (2). However, the remaining data is sparse and tends to allow long intervals from 

the onset of stroke to the initiation of heparin or focus on heparin dosing following IV TPA (5, 

8, 10, and 14). Nonetheless, heparin has been shown to prevent thrombus propagation which 

is a potential reason for progressive stroke (1, 4). Currently, there are not any well 

documented and researched immediate treatment options available to patients not eligible to 

receive IV TPA. As can be seen from the survey of literature, there is a necessity for published 

data regarding immediate t reatments for pat ients present ing with an IV TPA 

contraindication. 

 

Methods 

We retrospectively ( January 2009 - April 2011) analyzed consecutive patients diagnosed with 

acute ischemic stroke who did not receive IV TPA but received intravenous heparin within 

24 hours of, ischemiic stroke onset. 

 

Out of 257 consecutive, stroke patients at our stroke center, 223 patients met the inclusion 

criteria. The primary, end points of the study were to analyze patient outcome and safety. Patient 

outcome was evaluated by analyzing length of stay, medical complications during hospital 

stay, location of discharge compared to pre- stroke residence and pre- and post admission NI 

HSS. Safety was evaluated by early bleeding complication rates. 

 

Inclusion criteria consisted of patients 18-90 years old with the diagnosis of acute ischemic stroke, 

symptoms of stroke onset could be narrowed to a specific time and included patients who had a 

contraindication to IV TPA. Exclusion criteria were any patients who received IV TPA or 

diagnosed with a hemorrhagic stroke. 

 

Patients matching inclusion criteria were administered weight based intravenous heparin, with no 

initial bolus, within 24 hours of stroke symptoms, Partial thromboplastin time (PTT) ratio was 

obtained 6 hours after infusion was started and then everyday to maintain a PTT goal of 2.0 to 

2.5 times the control. Heparin infusion was immediately discontinued in case of any 

hemorrhage. After admission cat scan (CT) of the head, further CT's where only checked on 

an as needed basis when cerebral bleeding was suspected. Extracranial bleeding was recorded and 

intravenous heparin discontinued when clinically indicated. 

 



Results 

Of 257 consecutive acute ischemic stroke patients, from January 2009 to April 2011 at one 

single stroke center, 223 patients (86.8 %) met the inclusion criteria. Included were 100 women 

and 123 men, with a mean age of 66 years (range, 20 — 91). 

 

A total of 257 stroke patients were identified of which 223 received only IV heparin. Days on 

IV heparin ranged 1-18 days with an average of 4 days. The average PTT was 73 (range, 25-91). 

52 patients received endovascular procedures (23.3%), 2 patients received subsequent 

endovascular or cranial procedures (0.9%), 2 patients received only cranial procedures (0.9%) 

and 167 patients received no surgery (74.9%). 

 

Received 

Endovascular & 

Cranial 

Procedure 

2 
0.90% 

Received only 

Cranial 

Surgery 

2 
0.90% 

Received 

Endovascular 

Surgery 

52 
2.ngici 

Received NO 

Surgery 

167 74.89% 

 

Patient outcome was analyzed by evaluating length of stay, location of discharge and N1HSS pre 

and post ischemic stroke. Length of stay was 1-36 days (with one outlier staying 77 days) with an 

average of 8 days. Table 1 shows location of discharge compared to pre-stroke residence. 107 

patients (48%) where discharged to rehab from home pre-stroke, 42 patients (18.8%) admitted 

from home were subsequently discharged to home, while another 22 patients (9.9%) were 

discharged to home with home care. 12 patients (5.4%) died. 

 

Hemorrhagic complications are seen in table 2. Hemorrhagic complications of the brain 

were differentiated into asymptomatic or symptomatic according to the guidelines of the 

NINDS trial (12). Symptomatic hemorrhage was seen in 2 patients, while 8 patients had 

asymptomatic hemorrhage. 

 

Extracranial hemorrhage occurred in the gastrointestinal tract ( 5 patients), groin site of 

femoral sheath (2 patients), hematuria ( 1 patient), rectal bleeding (1 patient), rectus sheath 



hematoma (1 patient) and carotid hematoma (1 patient). No deaths resulted from 

extracranial bleeding. 

Table 1 

Pre Stroke  

Location 

Discharge  

Location 
Total % 

Assisted 

Living 

Rehab  0.45 
Home Home 42 18,83 
Home Home Care 22 9.87 
Home Hospice 7 3.14 
Home Hospital 6 2.69 
Home Passed  5.38 
Home Rehab  47,98 
Home Unknown 1 0.45 

Homc Care Rehab 1 0.45 
Hospital Hospital 3 i 35 
Rctiab Kebab 5  
Rehab Horne Care 1 0.45 
Rehab Hospice  0.90 

Hospital Rehab 1 0.45 
Long term 

care 

Rehab 2 0.90 
Nursing 

Home. 

Hospice 2 0.90 
Nursing 

Home 

Nursing Horne 1 0.45 
Nursing 

Home 

Rehab  0.90 
Unknown Hospice 1 0.45 

 Rehab 4 1.79 

Hemorrhagic Complications of the Brain: Table 2 

 

 N (%) 

Symptomatic 2 (0.3%6) 
Fatal 2 (C .9%) 

Non Fatal 0 
Asymptomatic 8 (8.0%) 



Discussion 

Our study suggests administering intravenous weight based heparin as a treatment 

option for patients who present within 24 hours post ischemic stroke but with a 

contraindication to IV TPA is both safe and warrants further investigation. Currently, 

the evidence on administering intravenous heparin to patients with acute ischemic 

stroke is scant. Unfortunately, randomized controlled trials have not studied heparin in 

patients who have no other treatment options. 

 

The utility of heparins in ischemic stroke is based on the principal that it prevents thrombus 

propagation. Thrombus formation, propagation or embolization causes new neurological 

worsening or deficits in 20 — 30% of ischemic strokes (3). Also, heparin has proven to 

have ant-inflammatory properties, which is known to take place after ischemic stroke (6). 

With the anti-inflammatory effects of heparin and prevention of thrombus propagation, 

the use of IV heparin would seem to be a rationale treatment for acute stroke. However, 

few studies have shown a net clinical benefit to intravenous heparin administration. The 

majority of the published data does not emphasize heparin administration within 24 

hours. The International Stroke Trial (1ST), the largest heparin trial, heparin was 

administered subcutaneously and not intravenously, therefore PTTs were not closely 

monitored (10). Long term, randomized controlled trials have been done to show that 

intravenous heparin administration within the first 3 hours of acute non lucunar 

hemispheric cerebral infarction has helped patient outcomes based on the 90 day 

modified Rankin Scale (mRS). However, patients in this time frame would have been 

available for IV TPA therefore not addressing the patient population that would not be 

eligible for this option. In the TOAST trial, a low molecular-weight hepannoid was 

given by intravenous infusion within 24 hours of acute stroke symptoms for 7 days 

resulting in reduced recurrent strokes and very favorable outcomes were significantly 

higher in patients given hepranoid vs placebo (14). 

 

Intravenous heparin as well as IV TPA administration has been associated with an 

increased risk of symptomatic intracranial hemorrhages. However our rate at 0.90% for 

symptomatic intracranial hemorrhages was significantly lower than previous reported for 

both intravenous heparin and IV TPA thrombolysis. Other trials of thrombolysis have 

reported higher intracranial hemorrhage rates but the thrombolysis was given up to 6 

hours from onset of symptoms. No other information is available for intravenous heparin 

clinical trials (5,8). 

 

While there have been contributions to the evidence base by studies such as 1ST, and 

TOAST and even fewer contributions of heparin administration within 24 hours, 



there is still no large published trial of monitored, unfractionated heparin administered 

within 24 hours in acute ischemic stroke. Our published data supports that a future 

randomized controlled trial would be safe and is needed to validate the use of intravenous 

heparin in patients with contraindication to IV TPA. 
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Incidence of Enlarging intracranial Hemorrhage on Repeat Head CT 

Leslie Lyness, DO, PCOM 

 

Abstract 

 Objective: To review the literature on traumatic Intraparenchymal Hemorrhage 

(IPH), to evaluate the incidence of increase size of intracranial Hemorrhage (ICH) 

that appears on the second CT scan, and to predict the risk of an increase in the 

hemorrhage size by type of hemorrhage. 

Method: In a retrospective chart review of 73 patients at a single Level 1 Trauma 

Center, the size of the ICH (subdurals, epidurals, and contusions), age, sex, and 

time differential between the initial CT scan and the second CT scan was 

evaluated.  

Results: A total of 73 patient images from 2008 and 2010 were reviewed, of those, 

39 meet the criteria to be included in the review. 3 patients were evaluated more 

than once due to multiple types of hemorrhages, and therefore, the total number of 

hemorrhages evaluated was 43. 12/43 (27.9%) bleeds were considered to be larger 

in size with a significant change in the size of the hemorrhage, and of these, 4/12 

(33.3%) images had measurements that were larger on the 2" CT, but the 

radiologist read the scan as "stable". 31/43 (72.1%) images showed no significant 

change on the second CT, and of these, 14 (45.2%) hemorrhages were actually 

smaller. 19/43(44.2%) bleeds were contusions; 10/19 (52.6%) of the contusions 

increased in size on the second Cr. 3/43 (7.0%) bleeds were [OH; 1/3 (33.3%) 

increased in size. 21/43(48.8%) bleeds were SOH; 1/22 (4.5%) increased in size. 

Conclusion: The incidence of increase in size of ICH is greatest for intraparenchymal 

contusions (52% of contusions increase in size) and least for subdural hematomas 

(4.5%). in a literature review of Traumatic Brain Injury and IPH, despite the 

incidence of increase in size of hemorrhages, if a patient has a normal 

neurological exam, the increase in size of the ICH, regardless of type, rarely, if 

ever leads to neurosurgical intervention. 

 

 



INTRODUCTION 

The incidence of closed head injury is approximately 200 per 100,000 which 

amounts to nearly half a million patients annually. Each year, approximately 

400,000 pts with head injury are admitted to the hospital for evaluation
2
, and the 

financial burden in the United States for Traumatic Brain Injury (TI31) is 

estimated to be 100 billion dollars annually
3
. The study of choice for evaluation of 

any patient with a traumatic brain injury is a CT scan of the head; this study is 

a relatively quick and easy way to evaluate for the presence of intracranial 

hemorrhage and skull fractures. There has been some debate over the last few 

years as to the need for repeat serial CT scans in TM. This study reviews the 

literature on repeat Head CT in relation to traumatic intracranial hemorrhage, 

and retrospectively reviews ICH at a Level 1 Trauma center in order to 

determine the incidence of enlarging ICH on repeat CT. 

 

PATIENTS AND METHODS 

At a single Level 1 Trauma center, a retrospective review of 73 head trauma patient 

images from 2008 and 2010 were analyzed for type of hemorrhage, age, sex, and 

time differential between the initial and repeat CT scan. The intracranial 

hemorrhages studied included Subdural Hematomas (SDH), Epidural 

Hematomas (EDH), and Intraparenchymal Contusions. Subarachnoid 

hemorrhages and tentorial subdural hematomas were excluded from the study 

due to the fact that with these hemorrhages it is sometimes difficult to quantify 

the initial size and amount of enlargement of the hemorrhage. Of the 73 

patients, 39 met the criteria to be included in the review. Exclusion criteria 

were subarachnoid hemorrhage, tentorial suladurals, if only one CT was 

performed, and if the pt subsequently went to surgery based on the initial CT 

scan. Three patients had more than one type of ICH (2 patients had 2 types of 

hemorrhages — SDH as well as a contusion, and one patient had a SDH along 

with both frontal and temporal contusions), therefore, of the 39 patients, 43 

hemorrhages were evaluated. For each image, the measurement of the hemorrhage 

was performed by the author. If there was > 1.5mm difference in the size of the 



hemorrhage, then the hemorrhage was considered to be increased in size. The 

images were checked with the radiologists reading and in 4 cases the 

hemorrhages were measured as larger, but the radiologist's reading was "stable", 

In one case, the hemorrhage was read "larger, but the measurement was not 

increased in size. 

 

RESULTS 

CT scans of 39 patients were reviewed and of these 39 patients, 43 ICH's were 

evaluated owing to 3 patients with multiple types of hemorrhages. 31/43 

(72.1%) images showed no significant difference in the size of the hemorrhage, 

and of these 14/31 (45.2%) were actually smaller on the second CT scan. 12/43 

(27.9%) of the hemorrhages were considered to be larger, with > 1.5mm 

increase in the size of the bleed, however, 4 of these hemorrhages (33.3%) were 

read by the radiologist as "stabler' on repeat CT. In breaking down the images in 

types of hemorrhages, 19 (44.2%) were contusions, 3 (7%) were epidural 

hematomas, and 21 (48.8%) were subdural hematomas. Ten out of 29 contusions 

(52.6%) increased in size on the second CT, 1/3 (33.3%) of the epidural 

hematomas increased on the second CT, and 1/22 (4,5%) subdural hematomas 

increased on the second Cr (Appendix 1). The majority of patients were male 

(71.8%) and there was approximately an even distribution of patients 65 years of age 

or older versus less than 65. Seventeen patients greater than or equal to 65 years 

old and 22 less than 65 years old (See Table 1). For each type of hemorrhage, 

there were more men than women, and hemorrhages affected patients less than 

65 years old except for the subdural hemorrhages in which the age grouping was 

about the same (See Table 2). 

 

The average time between image one and two was 8.7 hours with the range 

being from 3 hours to 22 hours_ The Median number was 7 hours. In looking at 

the hemorrhages that increased in size, the range was 3 —18 hours with the 

average being 7.3 hours. There were two images in this group of 11 scans that 

were outliers in terms of time between scans (18 hours and 14 hours) while the 



average of the other 9 scans in this group was 5.4 hours. These two scans were of 

patients where the only injury was a contusion, This shorter average time 

between scans may indicate that due to injury or the appearance of the injury on 

the initial CT scan, the Neurosurgical staff believed these injuries were somehow 

more concerning in nature and an earlier repeat scan was indicated. 

 

 

TABLE 1 

 

 Total (39 patients) Percentage 

Male 28 71.8% 
Female 11 28.2% 
Greater or equal to 65 yr old 17 43.6% 
Less than 65 yr old 22 56.4% 

 

TABLE 2    

 Contusion Epidural Hematoma Subdural Hematoma 
 (# of patients) (ft of patients) (It of patients) 

Male 14 2 16 
Female 5 1 5 
Greater or equal to 65 yr 

old 

less than 65 yr old 
13 

1 11  

10 

 

DISCUSSION 

In the course of following patients with Traumatic Brain Injury, it is difficult to predict 

what will worsen over time either clinically or radiographically just from observing 

the intracranial injury diagnosed on the initial CT scan. There have been articles 

published concerning this topic, with conclusions made about prognostic factors and 

who should have repeat CT scans. Although in some cases, the results prove to be 



conclusive, the majority of Trauma centers that follow the limited established 

literature are small which is likely due to the retrospective nature of most of the studies. In 

terms of prognostic factors influencing the likelihood of progressive hemorrhagic injury, 

Oertel looked at 142 patients with a mean GCS of 8 of which 60 had progressive 

hemorrhagic injury. 51% of intraparenchymal hemorrhage, 22% of EDH, 17% of 

subarachnoid hemorrhages (SAH), and 11% of SDH progressed. In analyzing the 

prognostic factors that would lead to progressive injury, male sex, older age (> 50 

years old), increased PTT (partial thromboplastin time), shorter time from injury to initial 

CT scan, and the absence of hypotension post-injury correlated positively
4
. Chang also 

looked at risk factors for intraparenchymal hemorrhage progression in his study of 113 

head trauma patients with 229 acute IPHs. In this retrospective study, 4% of bleeds were 

smaller, 58% were unchanged, and 38% were bigger. Progression of IPH growth was 

independently associated with the presence of SAH, SOH, and the initial size of the 

parenchymal hemorrhage, with the strongest predictor of IPH progression being the 

presence of SAH
5
. In his study, the absence of growth of a hemorrhage on the second 

CT scan predicted a lack of further growth, and he concluded that in most cases, 1PH 

growth is seen early in the post-injury phase. He further recognized that factors strongly 

associated with surgical intervention were worsening Glasgow Coma Scale {GCS), 

significant IPH growth (> 5cm
3
), and effacement of cisterns on the initial CT scan. 

 

Two retrospective studies by Chao and Figg look at the utility and efficacy of 

routine or serial CT scans in head injured patients. Chap's study looked at the 

utility of routine CT to predict the need for surgical intervention in blunt head 

injured patients. Sixty four of 198 patients in the study (323%) had worsening 

hemorrhages on their follow-up CT scans but only those with a worsening 

neurological exam had an invasive procedure as a result
6
, He concluded that a 

routine serial CT head in a patient with an unchanged or normal neurological 

exam would not lead to invasive neurological intervention. Figg also looked 

at whether serial CTs would prompt surgical intervention in patients with GCS 

8 with severe head injury and an intracranial pressure monitor. His results 

showed that no urgent surgical intervention was performed based on serial CT 



scans in severe head injured patients who were non- surgical candidates based an 

the initial and repeat CT scans'. He also took into account the cost of performing 

these serial CT scans as they relate to radiologist charges, cost of nursing 

and transport personnel time, and the actual cost of the CT: the cost per CT was 

$655 per scan. 

 

Carlos and Sifri both performed prospective studies on the topic of repeat 

CT scans in brain injured patients. Carlos looked at 100 patients in a 9 month 

period who had SAH, IPH, SETH, EDH, and contusions, of these patients, 68 

(68%) underwent 90 repeat CTs. Routine scans were done on 90% of the 

patients; that is they had no change in the neurological exam which prompted the 

repeat scan, and 10% had a repeat CT scan after a change mental status or the 

clinical exam. Of the 90% who underwent routine scan without a clinical change, 

26% of the scans were better, 51% were the same, and 23% were worse; no 

neurological intervention was performed based on these scans. Of the 10% who 

had a clinical change, 22% of the scans were better, II% unchanged, and 61% were 

worse. The conclusion of this prospective study is that if there is no change in the 

patient's neurological exam, the use of a repeat Cr is not supported
8
. Sifri's 

study looked at the value of a repeat CT scan in patients that had minimal he 

ad injury who had a normal exam. All patients in this study had a GCS of 5 

13 with post-traumatic amnesia or loss of consciousness. 130 patients meet 

criteria and had a repeat CT within 24 hours of admission. At the time of 

repeat CT scan 76% of patients had a normal neurological exam and based 

on the repeat scan, none of the patients required a change in management or 

neurosurgical intervention. Also, none had a subsequent delayed neurological 

deterioration for the remainder of their hospital stay. Thirty one (24%) of patients 

had an abnormal neurological exam at the time of the repeat scan and 2 patients 

(6%) required neurosurgical intervention as a result (both had an acute 

change in mental status in the Emergency Department 2-3 hours after the 

initial CT scan). Rased on this prospective study, Sifri concluded that repeat 

CT's on patients with minimal head injury and a normal exam is not indicated. 



 

In comparing the results of this study with the results of the aforementioned 

studies the risk of increasing hemorrhage falls in the 20% - 30% range. When 

comparing this study to Oertel's study, we have similar results in that contusions 

increase in size about 50% of the time, but in his study, 22% of EMI increased in 

size compared to my 33% and his SDH increased in size compared to my 4.5%. 

This could be a factor of study size, his being 142 patients to my 43. Also, in 

Ortel's study, the basis of hemorrhage size was based on the 

Neuroradiologist reading, and there may be discrepancy between what the 

Neuroradiologist sees as a stable or progressive scan as is evident in my study 

where 4 scans were read a stable, but if measurements were actually taken, there 

is proof that the bleed is in fact bigger. Another factor that, in all these studies, 

may alter the results is that CT scans are usually done in 5rnm slices, and that 

repeat CTs hardly ever reproduce the same cut us seen on the previous scan. This 

of course can lead to false reading of the size of a hemorrhage. 

 

CONCLUSION 

The use of CT scans as a tool to diagnose head trauma is paramount, but in this 

current health care environment, the need for conserving medical costs is becoming 

a great issue. Prospective studies have been done to show that serial CT scans on 

patients with minimal head trauma a normal neurological exam are not indicated, 

yet repeat imaging is still being done routinely. From a review of the literature, the 

following conclusions can be drawn: if a patient has a normal neurological exam 

and there is no clinical change during his hospital stay, a repeat CT scan is not 

indicated, In severe head injured patients with intracranial pressure monitors, 

serial CT scans are not indicated, if however, there is a change in intracranial 

pressure, a CT is indicated. In terms of evaluating patients with IPH and 

determining which patients may have progression of their hemorrhage, factors 

which may predict worsening of the hemorrhage are male sex, older age, a short 

time from injury to initial CT, and a prolonged PTT. If a patient has an associated 

SAH, SDH, or large IPH on initial CT, these correlate with progression of IPH. 



Future studies should be directed at evaluating the presence of anti-platelet/anti-

coagulation factors to predict progression of ICH, and the effect of using 

reversing agents to halt hemorrhagic progression. 
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Rotatory Subluxation: Experience from The Hospital for Sick Children Type of 

activity: Case series and literature review 

Alexandra Beier, DO Section of Neurosurgery, St John Providence Health 

System, Southfield, MI, USA 

 

Abstract 

Purpose: Diagnosis and management of atlantoaxial rotatory subluxation (AARS) is 

challenging clue to variability in clinical presentation. Although several treatment modalities 

have been employed, there remains no consensus on the most appropriate treatment. We 

explore this issue in our nine-year series of AARS. 

Methods: Records of patients diagnosed radiographically and clinically with AARS 

between May 2001 and March 2010 were retrospectively reviewed. 0140 patients 

identified, 24 patients were male and were on average 8.5 years old (range 15 months to 

16 years). Etiologies of AARS included trauma, congenital abnormalities, juvenile 

rheumatoid arthritis, post-infectious, post-surgical, and cryptogenic. Four patients had 

dual etiology. Symptom duration was variable: 29 patients had symptoms for less than 

four weeks, five patients had symptoms between four weeks and three months, and six 

patients had symptoms for three months or more. 

Results: Treatment with a cervical collar was sufficient in 21 patients. One patient failed 

collar management and reduced with halter traction. Seven patients underwent initial 

halter traction, however four of these patients progressed and required halo traction. Two 

patients were placed in a halo upon presentation due to the severity of rotatory 

subluxation; both required subsequent operative fusion. One patient required upfront 

decompression and fusion due to severe canal compromise and myelopathy. All patients 

requiring operative fusion presented subacutely.  

Conclusion: Management of AARS is variable due to the spectrum of clinical presentation. 

Those presenting acutely without neurological deficit can likely be managed in a collar; 

those who are irreducible or present with neurological deficit may require traction and/or 

surgical fixation. Patients presenting subacutely may be more prone to requiring 

operative intervention 
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Introduction 

Atlantoaxial rotatory subluxation (AARS) occurs when the primary joint of rotation becomes 

disrupted and the atlas rotates out of synch to the axis. AARS can be seen with traumatic 

events, upper respiratory infections, congenital conditions associated with 

ligamentous laxity or vertebral anomalies, and can also occur spontaneously.
3-6,10

 

Although current treatment strategies include observation, traction, halo placement and 

operative fusion, there is no consensus on the best management approach. Some 

advocate operative fusion for persistent, chronic or recurrent cases of AARS, also termed 

atlantoaxial rotatory fixation (AARF) by some authors.
2,1

°
,13

 Others advocate that long-

term traction can be successful for chronic or recurrent AARF. There appears to be a 

trend toward conservative management for acute injuries presenting in less than three 

weeks, and operative fusion for chronic injuries that present greater than three months 

after the onset of symptoms. Controversy exists, however, for those patients presenting 

between three and twelve weeks.
1,6,13

Minimizing the number of operative fusions would be 

ideal, however prolonged symptoms, the inability to achieve reduction, and recurrence of 

AARS have been indications for fusion, lending to an operative fusion rate of 

approximately 30%.
6,13

We present a nine-year series of patients diagnosed and treated 

for atlantoaxial rotatory subluxation at The Hospital for Sick Children, spurred by our 

observation that our fusion rate is much lower than commonly reported. 

 

Methods 

In compliance with the Research Ethics Board at The Hospital for Sick Children, we 

reviewed medical records of patients who were diagnosed with AARS and treated by 

the department of neurosurgery at The Hospital for Sick Children from May 2001- 

March 2010. Patients had to be younger than 18 years of age at presentation, have a 

radiographic and clinical diagnosis of AARS, and had to be managed by the neurosurgery 

service. Exclusion criteria included radiographic diagnosis without clinical 

symptomatology and sole management by other departments.  

 

Results 

A total of 40 patients, 24 of them male, met our inclusion criteria. The average age at 

presentation was 8.5 years (range 15 months - 16 years). Etiologies for rotatory 



subluxation included: trauma (n=20), congenital abnormalities (8), juvenile 

rheumatoid arthritis (1), post-infectious (7), post-surgical (2), and cryptogenic (6); four 

patients had dual etiologies. The most common presenting symptom was neck pain with 

limited range of motion (n=35). Other presenting symptoms included limited range of 

motion only (2), cranial nerve palsy (1), ataxia (1) and respiratory failure (1). Twenty-nine 

patients had symptoms for less than four weeks before presentation. Five patients had 

symptoms between four weeks and three months,and six patients had symptoms for three 

months or more. The average duration of symptoms prior to presentation was 

approximately three months, with a median of three days. 

 

With regards to initial management, 22 patients were treated in a collar alone for a range 

of one day to seven weeks. Only one patient failed management after three weeks in a 

collar; this patient subsequently reduced with halter traction. Seven patients were 

initially treated with home nocturnal halter traction of 1-21 days duration. The weight 

used varied from 3-91bs. Three successfully reduced and were then followed in a collar 

for three to eight weeks. The other four patients progressed while in halter traction 

(range one day to one month); halo traction was successful in achieving reduction in this 

subgroup. Two patients were placed in a halo upon presentation due to the severity of 

their rotatory subluxation. One of these patients experienced continued subluxation 

upon ambulation despite halo immobilization and therefore underwent operative fusion. 

This patient was subsequently found to have juvenile arthritis. The second patient 

received halo traction followed by decompression and fusion due to marked rotatory 

subluxation and canal compromise. In one patient, surgical decompression and fusion 

was performed upon initial presentation due to severe spinal canal compr omise 

associated with a one to two month history of motor regression and increasing ataxia. 

Finally, eight patients were observed without a collar or traction. The goal of treatment in 

all patients was improvement of pain and reduction of subluxation. This was obtained 

in 37 patients, whereas in three patients the rotatory subluxation appeared to be 

longstanding, fixed and without instability.  

 

Discussion 

The atlantoaxial (AA) joint can account for up to 60% of the neck's total rotation. This 

occurs due to the support of two main ligaments: the transverse ligament that prevents the 

forward subluxation of the atlas on the axis during head flexion and the alar ligaments that 

prevent excessive rotation.
2,7,11

 Authors have found that at approximately 65 degrees of 

rotation, the spinal canal at the atlas can be reduced to approximately 7 mm in diameter, 

due to complete bilateral dislocation of the articular processes, causing severe cord 

compromise. With rotation of 45 degrees and 5 mm anterior subluxation of the atlas on 

the axis, the cord can be narrowed to 12 mm, also causing cord compromise.
2
 

Additionally, Villas et al have shown that atlantoaxial rotation as little as 36 degrees, 



 

which is probably within the normal range of motion, can be associated with excessive 

contact loss of the articulating facets of C1 and C2.
14

 

The immature pediatric cervical spine, especially the AA region, is subjected to higher 

torque and sheer forces that make this region more susceptible to injury with resultant 

instability.
12

 Several factors predispose this region to injury including underdevelopment 

of spinous processes, horizontally oriented facet joints, weak neck musculature, 

immature bone ossification, a larger head to body mass ratio, and ligamentous laxity. In 

addition, the fulcrum of motion in the pediatric spine is located at the C2-3 level, much 

higher than in adults where it is located in the lower cervical spine.
6,12,13

 

 

Rotatory deformities of the AA joint are typically transient and easily managed, However 

on occasion, they can be resistant to treatment and cause torticollis. Such persistent 

rotation was termed rotary fixation of the AA joint by Wortzman and Dewar in 1968.
15

 

The preferred term by Fielding was rotatory fixation since the fixation of the atlas on the 

axis may occur with subluxation, dislocation, or when the relative positions of the atlas and 

axis are still within the normal range of rotation.
2
 The current literature unfortunately 

comprises a variety of definitions and terminology for this entity ranging from 

persistent rotation to pathological "stickiness".
2,8

 Of note, many initial definitions and 

classifications were based on older technology including open mouth radiographs, lateral 

radiographs, and cineroentgenography.
2
 Pang et al simplified the definition by classifying 

atlantoaxial rotatory fixation (AARF) as "inclusive of all gross departures from the 

normal rotational relationship between the atlas and axis. Further classification of the 

subtypes of AARF can then be predicted on a finer differentiation of the 'degree of 

pathological stickiness' ".
8
 

 

A number of published reports have evaluated treatment strategies for AARS. 

Fielding initially presented his series of patients from which the classification arose in 

1977. He reported on 17 patients, average age of 20.6 years, who had an average delay in 

diagnosis of 11.6 months. Surgical arthrodesis was performed in 13/17 (76%) patients. 

Fielding proposed that if a patient has rotatory fixation, the stability of the atlantoaxial 

joint might be compromised and therefore recommended traction initially to reduce the 

subluxation, followed by immobilization in a Minerva jacket for three months. They found 

that the risk of recurrence was greater with longstanding fixation of greater than three 

months and this was best treated with surgical fusion.
2
 This has since been echoed by several 

studies.
5,1

°
,13

 

 

In 1989, Phillips and Hensinger presented their series of 23 children with rotatory 

subluxation. All children were hospitalized for halter traction. Halo traction was used 

when halter traction was ineffective. Patients were placed in a cervical collar once 

reduction had been achieved. Surgical stabilization was used for persistent deformity in 



three children (13%). The recommended management strategies were based on symptom 

duration: for those with less than one week duration, a soft collar and bed rest for one 

week was implemented; patients were hospitalized for traction if reduction was not 

achieved. Patients with symptoms lasting between one week and one month were 

hospitalized for traction followed by post-reduction immobilization for four to six weeks. 

Symptom duration of greater than one month led to traction, attempted for up to three 

weeks, followed by arthrodesis in symptomatic patients who did not achieve successful 

reduction." 

 

Subach et al in 1993 evaluated 20 children with AARS. Five patients were managed in a 

collar with adjunctive nonsteroidal anti-infiammatories. Halter traction was utilized in 

15 patients. Nonoperative management failed in six patients (30%) requiring fusion due 

to recurrence or unsuccessful reduction.
13

 In contrast to other reports, their study did not 

include congenital spine abnormalities, patients with Down syndrome or juvenile 

rheumatoid arthritis. Additionally, halo immobilization was not utilized. 

 

Pang et al in 2005 presented their series of AARF. Their 35 patients were classified 

according to their proprietary classification system. Patients were deemed to either have 

AARF or be in a diagnostic grey zone (DGZ) after undergoing three full cervical computed 

tomography (CT) scans. All AARF patients were subject to traction regardless of 

duration. Halter traction was initiated for patients with symptoms less than three months, 

with reduction maintained in a Guilford brace. Cranial traction was used for patients 

with symptoms greater than three months duration or for patients who failed halter 

traction. Traction was not maintained beyond 2.5 weeks. These patients were immobilized 

in a halo vest after reduction. For patients falling into the DGZ, a soft collar, analgesics 

and muscle relaxants were used for two weeks. If this was unsuccessful, halter traction 

was initiated. Of 32 patients, six (19%) underwent surgical fusion.
9
 

 

Our study found that the average length of symptom duration prior to presentation was 

approximately three months, with a median of three days. This skew suggested that this 

population could be pathophysiologically divided into distinct groups: an acute group 

(symptom duration of less than four weeks), a subacute group (symptom duration 

between four weeks and three months), and a chronic group (symptom duration of three 

months or greater). (Table 1) 

 

Analysis of the chronic patients (N=6) revealed that three patients did not require active 

intervention and were therefore observed. These patients all had minimally symptomatic, 

non-progressing, and fused RS. Another patient in this group had a mild head tilt for 

three years with very mild limitation of rotation; this patient was also observed. The 

other two chronic patients presented after previous laryngeal infections. Both were 



 

initially treated with halter traction, followed by halo traction and vest placement, and 

finally a collar, which was subsequently weaned. Of note, none of the patients in this 

subgroup required operative fusion. 

 

In the subacute group (N=5), three patients underwent operative fusion. As 

previously mentioned, one patient presented with motor regression with accompanying 

severe cord compression, whereas the second was diagnosed with juvenile arthritis and 

had continued subluxation after halo placement. The third patient had underlying 

cerebral palsy and presented with pneumonia leading to respiratory failure. 

Investigation revealed severe cord compression. The patient was placed in halo 

traction followed by operative decompression and fusion. The other two patients in this 

group were treated with halter traction followed by a collar. One of these two patients 

recurred after being immobilized in the collar for one month and required halo traction 

for reduction. A halo vest was subsequently used for three months, followed by a collar 

for eight weeks. 

 

In the acute patient group (N=29), no patient required operative fusion. Three patients 

were placed in halter traction. Of these three, one did not reduce, requiring halo traction 

and vest placement. The other two patients managed in halter traction were successfully 

transitioned to a collar. Of 22 patients initially managed in a collar, only one patient 

progressed requiring halter traction. Four patients were observed. 

 

In our series, all of the patients requiring operative fusion presented subacutely. 

Historically patients in this subgroup appear to have been most variably managed. This 

group likely comprises patients with progressive etiologies that, in the absence of an 

inciting event, do not present to medical attention until significant subluxation and neural 

element damage has occurred. Their underlying pathophysiology makes non-operative 

management unsuccessful, and their monitored progression prompts surgeons to 

operatively fuse in an attempt to prevent further neurological compromise. The 

patients in this group should be closely observed for this reason. This is in contrast to 

the acutely presenting patients who often incur a traumatic event and present early in 

the course of their disease. Likely these patients have less derangement of normal 

anatomical supports, and as such are more easily maintained in a cervical collar. 

Interestingly, we did not observe the typical need for operative intervention in the chronic 

subgroup of patients. There may be several reasons for this, the most obvious of 

which is that only six patients presented chronically. Additionally, this group seems to 

represent unique pathophysiological entities, comprising such slowly developing 

conditions that autofusion and stabilization occurs by the time they present for 

evaluation. Operative fixation in these patients cannot be justified. Patients with laryngeal 



infections likely have a normal anatomical substrate and therefore respond to non-

operative forms of management. 

 

Finally, only three patients (7.5%) underwent operative fusion, a figure significantly less 

than previous studies have reported. Several reasons may be implicated. First, the 

diagnosis was much less delayed overall than in previous reports.
2,9,13

 As mentioned 

above, this is due to the majority of patients presenting acutely. Additionally, two 

previously published series excluded patients with congenital bony abnormalities, Down 

syndrome and juvenile rheumatoid arthritis, all of which typically increase the rate for 

surgical intervention.
9
'
13

 Of our patients that underwent fusion, one had Down 

syndrome, one was diagnosed with juvenile rheumatoid arthritis and one had cerebral 

palsy. As such, the fusion rate in our series would have been essentially zero had we 

excluded these patients. 

 

We must acknowledge the limitations inherent in the retrospective nature of this study. 

Recommendations for management strategies are difficult to develop based on review 

of treatment decisions made by treating surgeons, as these are often based on specific 

clinical scenarios and personal preference. It was also difficult to assess exactly how 

rotatory subluxation was radiographically diagnosed, as there were no standardized 

criteria for evaluation. 

 

Conclusion 

We present our recent experience in managing AARS. We operatively fused a lower proportion 

of patients than previously reported, and believe that the majority of patients will reduce and can 

be stabilized in a non-operative manner. All three patients requiring operative fusion presented 

subacutely; these patients likely represent a distinct pathophysiological group in whom thorough 

investigation and close monitoring is required. 
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with closed system drainage fails 
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ABSTRACT: 

OBJECTIVE:  To examine the clinical outcome, hospital stay duration and recurrence rate of 

patients with chronic subdural hematoma (CSDH) that have initially undergone either twist-drill 

craniostomy (TDC) with closed system drainage, TDC with closed system drainage followed by 

craniotomy, or stand-alone craniotomy.  

METHODS: Charts of 83 adult patients treated with either TDC with closed system drainage, 

TDC with closed system drainage followed by craniotomy, or stand alone craniotomy were 

retrospectively reviewed.  The patients’ clinical status at presentation and at discharge was 

evaluated using the Markwalder’s neurological grading system, also recorded for all three groups 

was the intensive care unit and total hospital stay, and recurrence rates of hematoma. 

RESULTS: All three groups (TDC, TDC followed by craniotomy, and craniotomy only) 

demonstrated significant and equivalent clinical improvement as assessed on the Markwalder’s 

scale (t(120) = 14.38, p < 0.0005; t(20) = 6.82, p < 0.005; and t(14) = 4.67, p = 0.0002; 

respectively). In examining the overall length of stay in the hospital, the TDC group spent 

significantly fewer days in the hospital than did either the TDC plus craniotomy or craniotomy 

only groups (7.37, 11.9, and 13.27 days, respectively; for TDC vs. TDC plus craniotomy, t(74) = 

2.124, p = 0.037; for TDC vs. craniotomy, t(74) = 2.371, p = 0.020). We observed that fewer 

days between TDC and craniotomy (< 2 days) led to significantly fewer days in ICU (6.5 days 

vs. 9 days, respectively; t(6) = -5, p = 0.02) and significantly fewer total days in the hospital (9 

days vs. 15.5 days, respectively; t(6) = -13, p = 0.003). Further, there is significantly greater odds 

(83%) of an uneventful hospital course (≤ 7 days in the ICU or ≤ 10 days in the hospital) if the 

interval between TDC and craniotomy is maintained at  2 days. The recurrences of bleeding 

was calculated to be 5% in TDC only, 18% in TDC followed by craniotomy and 22% in 

craniotomy only group.   

CONCLUSION:  Our data suggest that, when TDC with close system drainage fail and 

craniotomy is considered as a second tier treatment for CSDH, there is an 83% greater odds of an 

uneventful hospital course if the interval between TDC and craniotomy is maintained at < 2 days. 

 

KEY WORDS:  Chronic subdural hematoma, Twist-drill craniostomy with closed system 

drainage, craniotomy 

 

INTRODUCTION 

Chronic subdural hematoma (CSDH), generally more prevalent in the elderly, is one of 

the most frequently encountered disease states by neurosurgeons.  In the general population, the 
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incidence of CSDH is five per 100,000 per year.
33

 However, among the geriatric population, the 

incidence rate has been reported to be fifty-eight per 100,000 per year.
17

 By 2040, one-fifth of 

the total North American population is projected to be over the age of sixty five.
14

 Thus, the 

incidence of CSDH is expected to significantly increase. 

 Surgical management of CSDH requires evacuation of a hematoma for direct 

decompression of the underlying brain in hope of a rapid clinical improvement. Although, many 

modalities have been reported in literature to evacuate CSDH and decompress the brain ranging 

from twist drill craniostomy to shunting to craniotomy, none have shown to improve 

postoperative outcome in the past 20 years.
43

  

 In 2003, Weigel et al
43

 performed an evidence-based review of outcome of contemporary 

surgery for CSDH.  Twist-drill craniostomy (TDC), burr hole craniostomy (BHC) and 

craniotomy were identified as the three principal techniques for surgical management of CSDH. 

TDC is generally a bedside procedure with a hand-held manual drill to make a burr hole with 

diameter less than five millimeters. BHC involves making burr holes ranging from 5 to 30 

millimeters and is usually performed in the operating room. Finally, any surgical openings larger 

than thirty millimeters are considered craniotomies.  The group concluded that all three 

techniques had similar mortality (2-4%). The TDC and BHC are safer than craniotomy and can 

be considered as first tier treatment and craniotomy can be considered as second tier treatment 

for CSDH. 

 Many of these elderly patients have multiple comorbid medical conditions, and thus there 

is a need for effective and minimally surgical intervention. Hence, TDC may be considered the 

initial procedure of choice. Smely et al
36

 showed TDC to be a superior technique compared to 

BHC in terms of lowering morbidity, recurrence rate and duration of hospital stay. In 2003, 

Weigel et al
43

 identified BHC to have better cure to complication ratio than TDC. There is 

demonstrable disparity in the reports from the literature. There is concordance, however in that 

CSDH patients treated with TDC, a bedside procedure, can often avoid more invasive procedures 

and the associated risks of general anesthesia.
6, 30

  

 To our knowledge, no clinical data has been reported that evaluates a definitive timing 

for following a first-tier treatment (TDC) of CSDH with a second-tier treatment (craniotomy).  

Our study examines the clinical outcome, hospital stay, and recurrences rate of CSDH patients 

that have undergone TDC, TDC followed by craniotomy, or craniotomy. 

   

METHOD 

Patients 

This retrospective study reviewed charts of 83 adult patients (≥18 years old) who had 

undergone surgical treatment for CSDH evacuation with approval of the institutional review 

board. All patients had undergone TDC, craniotomy, or TDC followed by craniotomy between 

May 2007 and February 2011 at our institution. The coding in the medical records identified the 

cases.  Patients found to have subdural collections of xanthochromic cerebrospinal fluid 

consistent with hygroma were excluded from this study. 
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Clinical Evaluation 

Clinical information was obtained from hospital charts including admission notes, 

operative reports, and discharge summaries. Patient’s age, sex, clinical features at presentation 

and at discharge, date of admission, days in intensive care unit (ICU) and ward, days with drain 

in place, and date of discharge/death were recorded.  The patient’s clinical presentation at 

admission and discharge was evaluated using the Markwalder’s neurologic grading system for 

CSDH.
21

 (Table 1)  

 

TABLE 1.  Markwalder’s Neurologic Grading System
21

 

Grade State of Patient 

0 Patient neurologically normal 

1 
Patient alert and oriented; mild symptoms, such as headache, absent or mild 

symptoms or neurological deficit, such as reflex asymmetry 

2 
Patient drowsy or disoriented with variable neurological deficit, such as 

hemiparesis 

3 
Patient stuporous but responding appropriately to noxious stimuli; severe focal 

signs, such as hemiparesis 

4 
Patient comatose with absent motor response to painful stimuli; decerebrate or 

decorticate posturing 

 

Surgical Technique 

 At our institution, almost all patient with radiographic evidence of CSDH and 

Markwalder’s grade greater than one underwent initially TDC with closed system drainage, or 

craniotomy at the discretion of the attending neurosurgeon based on the radiographic findings 

(high suspicion of blood being distributed between multiple septations) and clinical presentation.  

In the TDC with closed system drainage group, Integra subdural evacuation system was used 

with a 5mm drill bit to place the subdural drain using the standard technique.
2, 8

 If the TDC with 

closed system drainage failed to achieve resolution of the mass effect or the thickest region of the 

CSDH was measured to be  1cm after TDC, patients underwent craniotomy.  

 

Statistical Analysis 

To establish that there were statistical differences among treatment groups, we used one-

way ANOVAs to compare days in ICU and total number of days as inpatient. After the omnibus 

test, all pairwise comparisons were analyzed using contrasts stratified on treatment group (TDC, 

TDC followed by craniotomy, craniotomy). A similar analysis was run for comparison of 

Markwalder’s grade, however, this was analyzed with repeated measures ANOVA. Due to the 

limitation in sample size of TDC patients who also received craniotomy, the analysis for the 

subsequent clinical course and outcomes of these patients was done using likelihood ratios. We 

defined an uneventful ICU course as ≤ 7 days in ICU, and an uneventful hospital course as ≤ 10 
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days total as an inpatient.
1
 Conversely, eventful courses were considered any duration longer 

than those. All tabulation and chart making was done in Microsoft Excel (Microsoft Corporation, 

Redmond, WA, USA) and all statistical analysis was done in SPSS (IBM Corporation, Somers, 

NY, USA). 

RESULTS: 

 

 A total of 83 patient charts  (69 males, 14 females) who had undergone treatment for 

CSDH were reviewed (Table 2). The mean age of the patient population was 70.6, ranging 

between 18 and 95 years old. We identified 63 patients who underwent TDC, 11 patients had 

TDC followed by craniotomy, and 9 patients were treated with craniotomy only. Due to the 

unequal number of patients between treatment groups, analysis of Markwalder’s grade was 

conducted assuming non-homogeneity of variance. 

 

Table 2.  Basic descriptive features of the patient population analyzed 

Variable Number 

Total number of patients 83 

Gender  

Male 69 

Female 14 

Age  

Mean 70.6 

 18 – 95 

Treatment  

TDC
a
  63 

TDC + Craniotomy 11 

Craniotomy 9 
a
TDC, twist-drill craniostomy  

 

Initial presentation and clinical status at discharge of CSDH patients was evaluated using 

the Markwalder’s neurologic grading system for CSDH. All treatment groups illustrated mark 

improvement between initial presentation and clinical status at discharge in Figure 1. While no 

condition reached statistical significance, there is a clear trend that patients who received TDC 

had lower pre-treatment Markwalder’s grade but also had better post-treatment Markwalder’s 

grade. All three groups (TDC, TDC followed by craniotomy, and craniotomy only) demonstrated 

significant and equivalent clinical improvement as assessed on the Markwalder’s grade (t(120) = 

14.38, p < 0.0005; t(20) = 6.82, p < 0.005; and t(14) = 4.67, p = 0.0002; respectively). There 

were total of four mortalities observed, two in the TDC group (3.2%), one in the TDC followed 

by craniotomy (9.1%) and one in craniotomy only group (11.1%). 
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FIGURE 1.  Clinical evaluation of CSDH patients at initial presentation and at discharge 

after undergone TDC, TDC followed by craniotomy, or craniotomy only. Significant 

improvement in all three-treatment groups is noted. TDC, twist-drill craniostomy.  

 

There was a significant difference in length of ICU stay between patients in the TDC 

group compared to those in the TDC plus craniotomy (4.62 days and 9.20 days respectively; 

t(74) = 4.955, p <0.0005) (Fig. 2). Furthermore, the length of ICU stay was significantly more in 

the TDC plus craniotomy group compared to craniotomy only (9.20 days and 4.14 days 

respectively; t(74) = 3.79, p < 0.0005). However, no significant difference in length of ICU stay 

between TDC only and craniotomy only groups was found (4.62 days and 4.14 days 

respectively; t(74) = -0.438, p = 0.663). In examining the overall length of stay in the hospital, 

the TDC group spent significantly fewer days in the hospital than did either the TDC plus 

craniotomy or craniotomy only groups (7.37, 11.9, and 13.27 days, respectively; for TDC vs. 

TDC plus craniotomy, t(74) = 2.124, p = 0.037; for TDC vs. craniotomy, t(74) = 2.371, p = 

0.020). However, the duration of hospital days between the TDC plus craniotomy group and 

craniotomy only group were not significantly different from one another (t(74) = -0.46, p = 

0.654). 
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FIGURE 2.  Length of stay in ICU and total duration of hospitalization for three 

treatment groups. Note that the single-modality conditions (TDC only and craniotomy 

only) had similar and shorter ICU stays than the bimodal treatment (TDC+craniotomy) 

while TDC only had a much shorter total length of stay as an inpatient than either 

TDC+craniotomy or craniotomy only. TDC, twist-drill craniostomy 

 

 Eleven patients received craniotomies (13.3% of our sample) after having undergone 

TDC with closed system drainage. In figure 3, we observed that fewer days between TDC and 

craniotomy (≤ 2 days) led to significantly fewer days in ICU (6.5 days vs. 9 days, respectively; 

t(6) = -5, p = 0.02) and significantly fewer total days in the hospital (9 days vs. 15.5 days, 

respectively; t(6) = -13, p = 0.003). Furthermore, both days in ICU and total days in the hospital 

were tightly correlated with days intervening between TDC with closed-system drainage and 

subsequent craniotomy (R = 0.89 and 0.98, respectively)  

Patients with a < 2 day duration of TDC drainage had a likelihood of 0.66 for an 

uneventful ICU course. Comparatively, no patients who remained with TDC drainage for > 2 

days duration had an uneventful ICU course. Therefore, there are 66% odds for a < 2 day 

duration TDC course yielding an uneventful ICU course compared to a > 2 day duration of TDC. 

By the same token, the likelihood of < 2 day TDC duration patients to have an uneventful total 

hospital stay was 0.83 while again, nobody in the > 2 day TDC drainage group met the threshold 

for an uneventful course. This suggests 83% greater odds of an uneventful hospital course if the 

interval between TDC and craniotomy is maintained at < 2 days. Despite this obvious difference, 

there was no significant difference between the likelihood of any particular Markwalder’s grade 

having an eventful or uneventful course. Among the patients who received craniotomy after 

TDC, those who received the craniotomy < 2 days after the TDC placement had slightly better 

Markwalder’s grade (mean = 0.5, range 0 – 1) than did those who received craniotomy > 2 days 
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after TDC placement (mean = 0.75, range 0 – 2) suggesting that worse grade patients are less 

likely to improve with a longer course of drainage after TDC.  

Of our sample of 83 patients, seven patients had similar or worse symptomatic 

recollection of fluid after initial therapy than on initial presentation, defined as recurrence. Of 

these, three were in the TDC group; two were in the TDC and craniotomy group; and two were 

in the craniotomy only group. One patient in the TDC only group was readmitted because of 

rebleeding. Recalling that there were uneven sample sizes in the three groups, we considered 

these recurrences in terms of ratio to group size. 22% of craniotomy only patients, 18% of TDC 

and craniotomy patients, and 5% of TDC patients had recurrences of bleeding post-treatment 

(Fig. 4).   

 

 

FIGURE 3.  Trendlines showing the number of days post-intervention in ICU and total 

spent as inpatient stratified by number of intervening days between TDC followed by 

craniotomy. TDC, twist-drill craniostomy 
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FIGURE 4.  Rates of recurrence by treatment category (TDC, TDC+craniotomy, and 

crantiotomy. TDC, twist-drill craniostomy 

 

 

DISCUSSION 

 Chronic subdural hematoma (CSDH) is prominently a disease of the elderly. The purpose 

of our study was to determine whether there was a definitive timing for following a first-tier 

treatment (twist-drill craniostomy; TDC) with a second-tier treatment (craniotomy). Data 

revealed that there is an 83% greater odds of an uneventful hospital course if the interval 

between TDC and craniotomy is maintained at < 2 days (Fig. 3). Sindou et al
35

 performed a 

prospective randomized study involving 65 patients treated with TDC with closed system 

drainage. They observed that a short duration of drainage (48hrs) is as effective as longer 

duration of drainage (96hrs).  Our study supports the finding that if TDC with closed system 

drainage is not effective within the first forty-eight hours, any longer drainage may not be any 

more effective or efficient in terms of improving clinical outcome or reducing duration of 

hospitalization, respectively. We examined the clinical outcome, hospital stay, and recurrences 

rate of CSDH patients that had initially undergone TDC or craniotomy, and TDC followed by 

craniotomy. 

First, clinical evaluation of these eighty-three patients surgically treated for CSDH 

revealed significant improvement in their Markwalder’s neurological grade
21

 from initial 

presentation to their discharge from the hospital in all three-treatment groups (Fig. 1). We 

observed 3.2% (2 patients) mortality rate in the TDC group, 9.1% (1 patient) TDC followed by 

craniotomy group, and 11.4%  (1 patient) in craniotomy only group.  Both mortalities in the TDC 

and TDC followed by craniotomy group were due to respiratory distress and acute myocardial 
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infarction on presentation, respectively. The other two patients, one in TDC followed by 

craniotomy group and one in craniotomy only group expired from cardiopulmonary arrest 

secondary to withdraw of care by family. Similarly, Weigel et al
43

 reported in a meta-analysis of 

forty-eight suitable articles that the mortality rate in the TDC ranged from 0 - 7.9% and for 

craniotomy group ranged from 0 - 11%. However, the analysis was unable to reveal a significant 

difference in mortality between the three techniques.  They identified a similar rate of 

effectiveness, recurrences, and complications between TDC with closed system drainage and 

open craniotomy.
35, 43

 Furthermore, Ramachandran and Hegde
29

 noted that the patient’s age, 

initial clinical presentation, and associated illnesses (cardiac or renal failure) play a significant 

role in their mortality. Recently, Miranda et al
23

 observed old age (≥ 65 years old) as the sole 

factor in predicting in-hospital mortality of CSDH patients. The type of intervention (TDC with 

closed-system drainage, burr-hole craniostomy (BHC), or craniotomy), radiographic findings, 

and anticoagulant agent use did not affect the mortality rate. 

Second, no significant difference in intensive care unit (ICU) stay as well as total 

hospitalization was noted between the three treatment groups (Fig. 2).  No significant difference 

in the ICU stay between the first tier-treatment, TDC and the second-tier treatment, craniotomy 

was noted. The ICU duration, for the patient who had undergone both TDC and craniotomy was 

much longer than the other treatment modalities; however the overall hospital stay between this 

group (TDC plus craniotomy) and craniotomy only was not significantly different (p > 0.654).  

Patient treated with TDC only were observed to have much shorter hospitalization than TDC 

plus craniotomy or craniotomy only group (7.37, 11.9, and 13.27 days, respectively; for TDC vs. 

TDC plus craniotomy).  Therefore, performing TDC for patients with CSDH may be a better 

option than craniotomy if they do not require further treatment with craniotomy in terms of 

shorter hospital stay as well as less invasive procedure and avoiding risks of general 

anesthesia.
30, 31

 In our study, the patients who underwent craniotomy did so at the discretion of 

the attending neurosurgeon based on the radiographic findings (high suspicion of blood being 

distributed between multiple septations) and high Markwalder’s grade.  

 Although, considerable literature has been published regarding management of chronic 

subdural hematoma, the optimal treatment has not been established. BHC has been stated to be 

the most efficient choice for CSDH.
19, 43

 Gelabert-Gonzalez et al
5
 reviewed charts of one 

thousand CSDH patients that had undergone BHC with closed drainage and concluded that poor 

prognosis is related to the patient’s age (>70 years old) and clinical grade on admission (grades 

0-2 versus grades 3-4). Gokmen and colleagues
6
, in a randomized prospective study of 70 

patients, 38 patients were treated with TDC and 32 patients were treated with BHC, found both 

surgical techniques to be effective treatment options. However, TDC, a less invasive procedure 

done under local anesthesia had shorter operating time compared to BHC. In addition they also 

observed that the longer the hospitalization, the higher the overall mortality.
6
  

Third, the reported recurrence rate for CSDH ranges from 2.3 to 33%.
3, 16, 24-26, 37, 39, 41, 43

 

In the literature it has been speculated that the hematoma itself is the promoter for its chronicity 

due to high concentrations of vasoactive cytokines, and inflammatory mediators and fibrinolytic 
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factors that may be involved with membrane formation and recollection of the hematoma, 

respectively.
4, 7, 9-13, 15, 18, 20, 22, 27, 28, 32, 38, 40, 42, 44

 In our study, seven patients (three in TDC group, 

one in TDC followed by craniotomy and two in craniotomy only group) had recurrence after 

initial therapy. One of these patients in the TDC group expired. This patient was readmitted and 

underwent craniotomy; this patient, however decompensated and the family withdrew care.  

Because of the unequal group sizes in our data, we considered these recurrences in terms of ratio 

to group size (22% of craniotomy only patients, 18% of TDC and craniotomy patients, and 5% of 

TDC patients) had recurrences of bleeding post-treatment (Fig. 4).  The recurrence rate found to 

be low in our TDC group is most likely due to closed-system drainage, which is consistent with 

the literature.
2, 34, 43

  

 The limitations of our study are its retrospective nature and the unequal and small number 

of patients in the TDC followed by craniotomy and craniotomy only groups. To attempt to 

account for the unequal group sizes, all statistical analyses were done assuming non-

homogeneity of variance. Further, due to the limitation in sample size of TDC patients who also 

received craniotomy, the analysis for the subsequent clinical course and outcomes of these 

patients was done using likelihood ratios. TDC with closed-system drainage; a bedside procedure 

may be better option in the elderly CSDH patients because it is a minimally invasive technique, 

may be performed under local anesthesia and our results indicate that there is significantly 

greater odds (83%) of an uneventful hospital course if the interval between TDC and craniotomy 

is maintained at  2 days. 

This may decrease the overall hospital stay that, in turn, may decrease the healthcare 

expenditure of admission for CSDH. While some of the time spent in ICU by the patients in our 

study can be accounted for simply by time due to the therapeutic interventions themselves, each 

group had ICU time associated with its own intervention types. However, patients receiving 

TDC and craniotomy may have had more time in the ICU because of the dual nature of the 

intervention they received. To clarify this confusion, the study will be repeated in the future with 

a larger sample size and more focused group assignments with equal numbers of patients in each 

group and the addition of a new group – TDC, TDC followed by craniotomy (< 2 days), TDC 

followed by craniotomy (> 2 days), and craniotomy only. Furthermore, a parallel study should be 

conducted that is prospective, large-scale and with randomized patient assignment, adhering, of 

course, to standard of care, such that these patients can be subject to pre-planned (rather than 

retrospective) measures and long-term follow-up to better identify the distinctions in outcomes 

and duration of hospital stay between these groups. 

 

 

CONCLUSION 

 Our data confirms that TDC with closed system drainage is an effective and efficient 

first-tier treatment for elderly patients with CSDH by improving Markwalder’s neurological 

grade and with shorter duration of hospitalization. However, when TDC with close system 

drainage fail and craniotomy is considered as a second-tier treatment for CSDH, our data 
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revealed that there is an 83% greater odds of an uneventful hospital course if the interval 

between TDC and craniotomy is maintained at < 2 days. 
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Unsual presentation of a progressive cervical myelopathy secondary to epidural venous 

engorgement 

 

Samer ElFallal D.O., Frederick Junn M.D.,  Department of neurosurgery, Michigan State 

University, Oakwood Hospital Medical  Center, Dearborn, MI 

 

Summary 

The authors report a case of progressive spastic quadraparesis, numbness and gait ataxia in a 42 

year old male; which was attributed to cervical epidural venous engorgement from C2-6. The 

patient has a known history of ventriculoperitoneal shunt placement from his childhood that was 

last revised in 1980.  His workup initially revealed a ventral cystic mass on MRI extending from 

C2-6.  Spinal angiograms did not reveal any AV malformation or fistula.  After extensive review 

of the literature, it was felt that this was a progressive myelopathy from cervical cord 

compression secondary to the venous engorgement.  We decided to treat the patient with revision 

of his VP shunt system and utilizing a programmable Medtronic strata reservoir siphon guard.  

His settings were sequentially changed until both radiological and clinical improvements were 

noted.  The patient is now one year post surgical intervention, with resolution of his myelopathic 

symptoms. 

 

Key words: cervical myelopathy, cervical plexus enlargement, intracranial hypotension 

 

Introduction 

Myelopathy is a relatively common disorder with a myriad of possible differential 

diagnosis.  However, myelopathy as a result of cervical spinal cord compression from epidural 

venous engorgement is very rare condition with only two previously reported cases that had 

surgical treatment (see image 1).  The epidural space is rich in vasculature; the cervical epidural 

veins form anastomoses with the suboccipital venous plexus, anterior condylar vein, and the 

vertebral arteriovenous plexus.  However, dilation of the cervical epidural veins can occur in this 

region with an increased outflow of blood.  A more common cause of this enlargement, as 

reported in other cases
1
, is spinal vascular malformation, or expanded collateral pathway from 

thrombosis of the internal jugular vein
2,3

. 

 

Image 1: 

  

Previously reported cases of myelopathic related to 

Intracranial  Hypotension 

 

Authors 

Case 

presentation 

Age, 

Sex 

Time to 

presentation 

Surgical 

Treatment 

Clinical 

Outcomes 

Miyazaki et al, 

1998 

gait ataxia with 

clumsiness, 

history of  Post- 53, M 15 months Shunt ligation Improved 



SAH 

hydrocephalus 

Wingerchuk et 

al, 2005 

Weakness and 

gait instability, 

history of 

porencephalic 

cyst 18, F 16 years Shunt revision Improved 

Junn et al, 

current case 

Spastic 

quadraperisis, 

history of VP 

shunt after CVA 

at birth 42, M 30 years Shunt revision Improved 

 

The Monroe Kellie doctrine has been used to explain the occurrence of cervical plexus 

enlargement in the face of intracranial hypotension
4
.  The doctrine defines the intracranial total 

volume is constant and is the summation of CSF, blood, and brain volume.  Since the brain 

volume is relatively constant, a drop in CSF volume, as occurs with intracranial hypotension, 

results in overall increase of the cranial blood volume.  Although this primarily affects the dural 

sinus volume, this has been shown to apply to the spinal canal in previous studies
5
. 

Clinically, patients with intracranial hypotension typically present with postural headaches; 

although not always
6
, as in our case report.  Other clinical findings include nausea, vomiting, 

neck pain, blurred vision.  A less common complaint includes radicular symptoms, as previously 

reported
7
.  In our case, this 42 year old developed a progressive myelopathy secondary to 

excessive draining of CSF from his ventriculoperitoneal shunt.  After revision of his shunt with a 

programmable Medtronic valve; the patient was treated by sequentially adjusting the flow setting 

on the shunt.   He improved clinically, as did the radiological images. 

 

Case report 

History and Physical 

In our case, a 42 year old male, left handed, that was previously shunted presented with a 

progressive spastic quadraparesis.  He was initially shunted at 30 days of age subsequent to a 

cerebral infarct and resultant hydrocephalus.  The patient did well post operatively, however he 

did require multiple revisions. The last revision was in 1980, approximately 30 years ago.  Over 

a course of 4 months prior to his initial evaluation with our service, the patient began developing 

a spastic quadriplegia.  He denied any headaches.  On examination, the patient was found an 

ataxic gait; he could barely stand on his own, and needed assistance with taking steps.  Cranial 

nerves II-XII were grossly intact.  The patient did have long tract signs including a Hoffman, and 

Tromner. Dysdiadokinesia was present in the bilateral upper and lower extremities, although 

mild.  Reflexes were symmetrical at ¼ in all four extremities.  Manual muscle testing did reveal 

spasticity in all four extremeties, and strength of the left side at 3+/5 and right side at 4-/5. In 



addition to this the patient did complain of radicular symptoms into his left upper extremity that 

followed a C5,6 dermatomal pattern.  

 

 
Image 2 – Preop CT brain without contrast. 

 

Review of the head CT revealed that the shunt was in appropriate placement, and no 

acute cerebral events were seen on the study (see image 2). The patient’s cervical MRI revealed 

a ventral cystic mass extending for C2-6 causing central canal stenosis (see Image 3).   This mass 

enhanced on contrast images, and the referral was made for biopsy of this mass.  After careful 

review, we decided to rule out an AVM or dural fistula.  The patient was referred out for a spinal 

angiogram, which did not reveal any obvious lesion other than the cervical venous engorgement.  

A cervical myelogram was also performed which confirmed the cervical stenosis (see image 4). 

 

 
Image 3 – Preop MRI of the cervical spine with contrast.  On the left is a sagital cut 

showing the ventral enhancing cystic pocket extending from C2 to C6.  On the right image the 

ventrally located venous engorgement is noted bilaterally, causing central canal stenosis. 



 
Image 4 – Preoperative CT myelogram of the cervical spine.  On the left, a midsagittal 

image reveals the severe stenosis caused by the ventral venous engorgement.  On the right, an 

axial view is seen confirming the severe stenosis. 

Once the MRI, CT myelogram and spinal angiogram were performed it was felt that the 

finding was that of cervical venous engorgement secondary to over shunting from the current 

ventriculoperitoneal (VP) system.  A review of the literature, helped confirm the diagnosis and 

decided to treat the patient with revision of his VP Shunt. 

 

Treatment and Postoperative Care 

Unlike the previously reported treatment plans, we decided to directly perform a VP 

shunt revision utilizing a Medtronic programmable shunt system, strata® valve with anti-siphon 

device (see image 5).  

 
Image 5 – Strata valve cutaway(used with permission) 

 

In previous reports, patients were initially had a lumbar drain placed and then the drain 

height was slowly raised to higher pressures. Once optimal pressures were met, then a shunt was 

placed with those pressures.  In our case, the patient was taken to the OR and we tested 

intraoperatively the patency of both proximal and distal catheters.  They were both found to be 

patent.  Once, confirmed we them simply replaced the previous shunt reservoir with the 

programmable strata valve.  The shunt was set at the lowest outflow setting (2.5) to allow for 

correction of the prior over shunting. At two weeks post operatively, the patient was brought into 

clinic for suture removal and a setting change to 2.0.  At this point, the patient had noted some 



improvement and was able to sit up from his wheelchair.  The patient returned 4 weeks later, for 

revaluation and shunt setting change.  He was able to walk into his appointment utilizing a 

walker.  His shunt setting was changed at 1.5 at that point.  At his next appointed, the patient was 

noted to near his baseline, with only occasionally utilizing a cane.  His strength had improved to 

5/5 on the right side and 5-/5 on the left side.  A post op MRI of the cervical spine and CT of 

brain was ordered at this point (see images 6 and 7). At the one year follow up, the patient is 

found to be back at baseline and doing well. 

 
Image 6 – CT of the brain without contrast taken 10  weeks post op.  the ventricle have 

enlarged, without any significant effacement of the sulci. 

 
Image 7 – MRI of the cervical spine, 10 weeks post operative.  On the left, a T2 sagittal 

MRI of the C-spine reveals interval regression of the cervical venous engorgement. On the right, 

a T1 axial image with contrast shows the significant decrease in size of the anterior cervical 

veins and improvement of the cervical stenosis. 

 

Discussion 

 In summary, this patient’s spastic quadraparesis was a result of cervical cord compression 

from engorged ventral cervical epidural veins.  The etiology was determined to be from 

intracranial hypotension from VP over shunting.  The mechanism is explained by the Monroe 

Kellie doctrine.  As the CSF volume was decreased from the over shunting, the intracranial 



blood volume increased.  This then allowed for the increase in venous drainage that lead to the 

cervical epidural vein engorgement.  To reverse the cervical venous engorgement, the 

intracranial hypotension was reversed by slowing down the CSF outflow. The programmable 

Strata valve was utilized and the shunt was set as the lowest outflow to allow for CSF fluid built 

up.  As the ventricles grew in size again, the intracranial blood volume decreased and thereby 

decreasing the outflow.  Over a 10 week period the setting were changed until there was 

resolution of the patient myelopathy.  Post operative MRI of the cervical spine revealed the 

regression of the cervical vein engorgement.  At one year follow up visit, the patient was still 

doing well with resolution of his spastic quadriplegia.   

 Our treatment plan differed from previously reported cases. We decided to bypass the use 

of a lumbar drain, in order to reduce the chances of infection, and other associated complications.  

The Medtronics programmable shunt valve was felt to be the amenable option, given its ease of 

use.  We decided to use a slow approach in shunt setting changes, given the risk of causing 

subdural hematomas.  Finally, given the wide differential for this ventral mass, it is highly 

recommended to obtain an MRI with and without contrast, as well as a formal spinal angiogram. 
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