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Abstract
Background: Lumbar puncture (LP) rarely results in complications such as spinal 
hematomas. However, it remains unclear if certain variables increase likelihood of 
these events, or if surgical intervention improves outcome.
Methods: In addition to two clinical vignettes, we evaluated the post‑1974 
literature for cases of spinal hematoma and subsequent intervention. Based on our 
compilation of data, we evaluated outcome relative to numerous distinct variables.
Results: Based on 35 LP‑related spinal hematoma cases in the post‑1974 literature 
and our encounters, we found 28.6% of patients presenting with preexisting 
coagulopathy had poor outcomes regardless of intervention, relative to 14.3% 
of patients without coagulopathy; a highly significant difference (P = 0.02). Once 
diagnosed, 21 patients were treated surgically and 14 nonsurgically. Of the 60% 
surgical patients, 57.1% had good outcomes, and 42.9% had poor outcomes within 
12 months. Of 40% nonsurgical patients, 57.1% had good outcomes and 42.9% 
had poor outcomes. Results in these groups were not statistically different.
Conclusions: We found a significant correlation between preexisting coagulopathy 
and poor neurological outcome irrespective of intervention. However, outcomes for 
these patients may be confounded by comorbidities including underlying conditions 
contributing to their coagulopathy. No significant correlation between type of surgical 
intervention and good outcome was found, possibly attributable to the paucity of 
details in existing case reports and the difficulty defining the degree of spinal cord 
compromise from a given lesion. Despite our findings, emergent neurosurgical 
intervention may be beneficial for the management of complications such as cauda 
equina syndrome secondary to intrathecal spinal hematoma.

Key Words: Cauda equina, epidural hematoma, lumbar puncture, mass effect, 
spinal hematoma, spinal hemorrhage, subdural hematoma

INTRODUCTION

Patients with neurologic dysfunction often require a 
lumbar puncture (LP) for diagnosis of the underlying 
etiology, which includes infectious, autoimmune, 
or mechanical causes. Beyond this, LP may prove 
therapeutic for patients with increased intracranial 
pressure, such as those with idiopathic intracranial 
hypertension or cryptococcal meningitis, where LP offers 
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symptomatic relief from decreasing cerebrospinal fluid 
(CSF) volume.

Complications range from the more common post‑LP 
headache from reduced intracranial pressure to more rare 
cases of infection from nonsterile procedure, or trauma 
to local structures such as tissue, vessels, and nerve roots. 
Should the procedure result in any significant violation of 
vasculature, hematoma may occur resulting commonly in 
mild pain, skin discoloration (superficial “black‑and‑blue” 
mark), and ultimately, resolution without complication. 
If the vascular disruption occurs near or inside, the 
thecal sac, hematoma formation could exert mass effect 
resulting in compression of nerve roots, or the spinal cord 
proper. Severe complications, such as myelopathy or cauda 
equina syndrome (CES), require expeditious diagnosis 
and potential intervention to prevent irreversible paralysis 
or death.

Spinal (including epidural, subdural, and subarachnoid) 
hematomas were described in autopsies as early as 
1682,[11] with more recent characterizations in the 
setting of vascular anomalies, local neoplastic disease, 
and anticoagulation/antiplatelet therapies. Since 
being established as a clinical diagnosis by Jackson in 
1869,[16] several case studies have characterized the 
phenomenon. In 1951, Dripps and Vandam described 
significant morbidity from interruption of the annulus 
fibrosis or venous plexus while administering spinal 
anesthesia.[9] Edelson et al., in 1974, presented eight 
patients with spinal subdural hematoma in the setting 
of thrombocytopenia and reviewed 15 other reported 
cases.[12] They hypothesized that subarachnoid hematoma 
occurs when radicular vessels entering the subarachnoid 
space along with segmental nerve roots are torn by the 
needle; a phenomenon which Masdeu et al., in 1979, 
confirmed at autopsy.[23]

In 2003, Kreppel et al., performed a large meta‑analysis 
of the available literature, including 613 spinal hematoma 
patients reported between 1826 and 1996.[18] Most 
commonly, patients in this cohort presented with flaccid 
paralysis and hyporeflexia when mass effect compressed 
the cauda or roots. More rarely, spastic paralysis and 
hyperreflexia occurred with direct compression of the 
cord. In their analysis, rapidity of symptom development 
and time to definitive intervention directly correlated 
with recovery. However, Kreppel et al. did not correlate 
preexisting coagulopathy or other comorbidities to 
interventionally‑based outcome, which we endeavored to 
address through our analysis.

CASE STUDIES

We present two cases from Beth Israel Deaconess Medical 
Center, Boston, Massachusetts, USA, in January and 
August 2014; one as a direct Emergency Department 

presentation, the second as a transfer from an outside 
facility for escalation of care. In each case, we elaborate on 
the presenting symptoms, neurosurgical evaluation, and 
intervention. Of note, neither patient had previously been 
administered anticoagulant medication, was subsequently 
found to have any clotting disorder or had prior surgical 
manipulation in the area of hematoma formation.

Case 1
A 54‑year‑old man with a history of diverticulitis 
complicated by intra‑abdominal abscess status postbowel 
resection presented with nuchal rigidity, proximal 
weakness from upper extremities to lower extremities, 
and associated numbness shortly after surgery. Admission 
LP revealed a leuko‑pleocytosis (146 cells/µl) with 93% 
lymphocytes and elevated protein (162 mg/dL). Antibiotics 
were initiated with a repeated tap performed 4 days 
after initial LP. Concern for autoimmune disorder grew 
when antibiotic coverage failed to resolve the patient’s 
bilateral inflammatory cervical polyradiculopathies. A 
course of intravenous immunoglobulin was administered 
with marginal improvement of his weakness. Repeat tap 
performed under fluoroscopic guidance 11 days postinitial 
LP demonstrated resolution of the leukocytosis; however, 
the tap was notably traumatic with red blood cells 
(RBCs) above 31,000/µl.

On postadmission day 19 and 8 days status post‑LP under 
fluoroscopy, the patient reported severe lower back pain, 
worsening lower extremity weakness, saddle anesthesia, 
and urinary retention. Magnetic resonance imaging 
(MRI) of the lumbar spine with and without gadolinium 
contrast demonstrated an intrathecal subarachnoid and 
subdural hematoma extending from L3 through the 
sacral levels [Figure 1].

Urgent neurosurgery consultation resulted in 
decompressive surgery within 24‑h of symptom onset. 
Laminectomies were performed between inferior L2 
and L5, at which time a small ventrolateral epidural 
hematoma was identified compressing the spinal 
cord at the L4 level. Initially, the thecal sac appeared 
tightly stretched and bluish discolored from intradural 
hemorrhage; however, removal of the epidural hematoma 
and maneuvers to mobilize the dura and spinal cord 
dislodged the intradural collection as evidenced by 
adequate ventilation‑synchronous respiratory pulsations 
of the CSF with each breath, as well as a slack and 
tension‑free thecal sac. As a result, the dura was not 
opened for clot evacuation since decompression (the 
goal of surgery) had been achieved without perioperative 
complication.

Postoperatively, the patients’ urinary retention resolved 
and the patient began ambulating with wide‑based 
stable gait. Follow‑up appointments at 6 and 12 months 
revealed significant improvements in strength with near 
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resolution of all proximal weakness and only residual 
dyspnea secondary to underlying pulmonary disease. No 
bowel/bladder dysfunction, lower extremity weakness, or 
anesthesia was present.

Case 2
An 83‑year‑old man with a history of coronary artery 
disease status postquintuple coronary artery bypass grafts 
on no anticoagulation, or antiplatelet agent, initially 
presented to an outside hospital for evaluation of severe, 
sudden‑onset headache with a subsequent diagnostic LP 
performed in the Emergency Department. Shortly after 
this intervention, the patient developed severe lower back 
pain and bilateral lower extremity weakness. Imaging with 
MR of the thoracic and lumbar spine demonstrated a 
thoracolumbar supposedly epidural hematoma for which 
the patient was admitted for nonsurgical management, 
which by report resulted in some improvement of lower 
extremity weakness. However, persistent motor deficits, 
and increasing difficulty ambulating with a rolling 
walker prompted a transfer to our tertiary care center for 
evaluation and potential intervention.

MRI performed at 3 weeks after symptom onset 
demonstrated a large subdural hematoma spanning from 
T7 to the sacrum, which exerted a considerable mass 
effect on the thoracic cord and cauda equina [Figure 2]. 
As a result, the patient urgently underwent laminectomies 
of T7 through S1, with coincidental observation of 
a congenitally narrow spinal canal and lateral recess 
stenosis–the combination of which did not allow for any 
expansion of the dura. With decompression, the dura 
bulged nicely but remained discolored with a densely 
packed subdural collection. After five small durotomies at 
regular 2.5‑inch intervals, subdural clot mobilization and 
suction‑irrigation allowed for retrieval of a large amount 
of blood, with the nerve roots and proximal cord well 
mobilized. Microscopic primary durotomy closures were 
performed without leakage on Valsalva maneuver.

Postoperatively, the patient demonstrated resolution of 
the underlying hematoma without evident caudal nerve 
root compromise. After titration off pain management 
and steroids, he was discharged to an acute rehabilitation 

Figure 1: Lumbar puncture under fluoroscopy with needle 
placement in the L4–L5 space (top). Magnetic resonance imaging 
lumbar spine T2-weighted sequences demonstrating presurgical 
hematoma (bottom-left), postlaminectomy (bottom-middle), and 
at 5 months postlaminectomy (bottom-right)

Figure 2: Magnetic resonance imaging cervical/thoracic spine 
T2-weighted sequences (above), magnetic resonance imaging 
lumbar spine T2-weighted sequences (below) demonstrating 
presurgical hematoma (left), postlaminectomy (middle), and at 
6 months postlaminectomy (right)
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facility on hospital day 8. At 6‑months, strength and 
sensation in the lower extremities recovered without any 
residual deficit. Repeat MRI demonstrated complete 
resolution of the intrathecal hematoma (not shown).

METHODS OF LITERATURE REVIEW

Through review of existing case studies and our own 
experience from two direct patient encounters, we 
evaluated all reported adult and pediatric cases of 
hematomas resulting from puncture (or attempted 
puncture) of the dura. A literature search was performed 
identifying articles between 1974 and 2014, which 
documented cases of spinal hematoma specifically 
associated with LP or spinal anesthesia. The articles 
were sourced through the use of a full‑text PubMed 
(United States National Library of Medicine, Bethesda, 
Maryland, USA) search using various query strings 
including “spinal hematoma,” “lumbar puncture 
hematoma,” and “lumbar puncture complication.”

We restricted our search to full case reviews during this 
period containing all procedural details, excluding case 
data referred to by other articles, unless the referenced 
study was also available for review. The cases documented 
in this pooled cohort represent patients cared for in 
11 countries on 3 continents. In each of the evaluated 
case studies, symptoms were considered a complication 
of LP as the tap immediately preceded symptom onset 
without other interventions, or prior trauma, which might 
have accounted for the hemorrhage.

We identified distinct variables thought to potentially 
correlate with spinal hematoma formation, such as needle 
gauge, traumatic tap, and existing coagulopathy. When 
documented, we collected time from LP to onset of 
neurologic symptoms exceeding isolated back pain, as well 
as time from onset of such symptoms to intervention. 
Finally, we documented the assessment of each patient’s 
outcome at 6–12 months status postonset of symptoms.

Although some articles contained qualitative descriptors 
such as “good,” “fair,” and “poor” to categorize deficits, 
the meaning of these assessments varied too significantly 
between cases. We standardized categorization by 
compiling symptoms into one of three outcomes. “Good” 
refers to patients without deficit, or mild sensorimotor 
deficit without impairment of ambulation or bowel/
bladder dysfunction. “Poor” refers to patients with 
significant impairment, inability to ambulate without 
support, or bowel/bladder dysfunction. “Expired” refers 
to patients who did not survive at 12 months postevent. 
For the purposes of evaluation, “poor” and “expired” 
are separately assessed but collectively analyzed as 
undesirable outcomes.

As LP‑related spinal hematomas are extremely rare, only 
33 case reports were found through our literature review 

from 1974 to 2014; these, along with the 2 cases we 
encountered, are detailed in  Table  1.

RESULTS OF LITERATURE EVALUATION

Through our analysis, we sought to determine whether a 
correlation could be made between inciting factors and 
the development of spinal hematoma, or between any 
intervention and the reported outcome.

With regards to general characteristics of our cohort, 
gender was evenly split between men (51%) and women 
(49%). Ages recorded in these cases ranged from 
17 months to 83 years of age, with a median age of 
53 years and a mean age of 48 years, suggesting a relatively 
symmetric distribution. Racial distribution was not 
reported; however, from a geographical perspective, the 
majority of cases (63%) originated in the United States.

When examining specific variables thought to 
contribute to the development of spinal hematoma, 
we identified 15 (42.9%) patients who had some 
underlying coagulopathy (or iatrogenic administration 
of anticoagulation before LP). For these 15 patients, 
10 (28.6%) had poor outcome, including 6 (17.1%) who 
expired, relative to 5 (14.3%) with good outcome.

In the 20 (57.1%) noncoagulopathic patients, only 
5 (14.3%) had poor outcomes, including 2 (5.7%) expired 
patients, whereas 15 (42.9%) patients showed good 
outcome at 12 months.

With regards to these outcomes stratified by preexisting 
coagulopathy, we found a statistically significant 
difference between coagulopathic patients suffering a 
poor outcome relative to their peers without coagulopathy 
(P = 0.0192; using Fisher’s exact test).

We also evaluated the relationship between the gauge 
of the spinal needle used and the development of a 
hematoma; however, only 13 (37.1%) of the published 
patient case studies included in this analysis also reported 
the caliber of the needle. With regard to the outcome, no 
meaningful correlation was found between the 7 (20%) 
of patients reporting LP with larger caliber (gauge ≤ 20) 
and good outcome (P = 1.0000), or the 6 (17.1%) of 
patients reporting LP with smaller caliber (gauge > 20) 
and good outcome (P = 0.6730 using Fisher’s exact test).

In 32 of 35 cases, the character or the tap (e.g., traumatic, 
high RBC) was reported. To categorize the results, we 
arbitrarily assigned a “traumatic” designation to taps, 
which were either designated “traumatic” in the original 
article, noted as “bloodstained” or with RBC count as 
>100 RBC/mm3. The “atraumatic” designation referred 
to those who did not have a successful tap (without 
reported bleeding), had clear CSF, or a cell count of 
<100 RBC/mm3. With this conservative categorization, 
12/32 (34.4%) of publications reported a traumatic tap 
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Table 1: Case studies reviewed between 1974 and 2014

Case study Year Age 
(years)

Gender Pre-LP 
Coagulopathy

Needle 
Gauge

Traumatic/ 
atraumatic

LP to 
symptom 

onset 
(hr)

Hematoma Symptom 
onset to 
treatment 
(hr)

Surgical 
intervention

Outcome 
(grade)

Edelson, et al.[12] 1974 50 Female Thrombocytopenia 
(Plt 3k)

Not 
Reported

Atraumatic 1 Subdural N/A None Poor

Edelson, et al.[12] 1974 19 Female Thrombocytopenia 
(Plt 60k)

Not 
Reported

Atraumatic 2 Subdural N/A None Poor

Edelson, et al.[12] 1974 16 Male Thrombocytopenia 
(Plt 25k)

Not 
Reported

Traumatic 12 Not reported N/A None Good

Rengachary, 
et al.[30]

1974 64 Male None Not 
Reported

Atraumatic 12 Subarachnoid Not 
Reported

T12/L3 
Laminectory 
with evacuation 
of subarachnoid 
hematoma

Poor

Messer, et al.[25] 1976 51 Female Subcutaneous 
Heparin 
administered

Not 
Reported

Atraumatic 72 Extradural N/A None Good

Diaz, et al.[8] 1978 55 Male None Not 
Reported

Traumatic 20 Subarachnoid Not 
Reported

Laminectomy and 
evacuation of T6/
T8 subarachnoid 
hematoma

Good

Laglia, et al.[19] 1978 57 Male Elevated PT/PTT, 
Thrombocytopenia

Large Traumatic 48 Epidural 216 Unspecified 
Laminectomy 
with evacuation 
of L3/L5 epidermal 
hematoma

Expired

Dean, et al.[7] 1979 42 Male Anticoagulation Tx Not 
Reported

Atraumatic Not 
Reported

Subdural N/A None Expired

Dunn, et al.[10] 1979 37 Female Thrombocytopenia 
(Plt 19k)

Large Atraumatic 30 Subdural N/A None Expired

Brem, et al.[5] 1981 81 Male None Large Atraumatic 24 Subarachnoid Not 
Reported

Laminectomy, and 
decompression of 
subarachnoid clot 
encasing conus 
and cauda

Good

Brem, et al.[5] 1981 63 Female None Large Atraumatic 30 Subarachnoid Not 
Reported

Laminectomy, and 
decompression of 
subarachnoid clot 
between T5 and 
T9 levels

Good

Bladé, et al.[4] 1983 25 Male Thrombocytopenia 
(Plt 10k)

Large Atraumatic 10 Subarachnoid 48 Laminectomy 
(undisclosed 
location) with 
evacuation 
of hematoma 
compressing 
spinal cord, the 
conus medullaris, 
and the cauda 
equina

Good

Mayumi, et al.[24] 1983 70 Female Ticlopidine for 
PVD discontinued 
prior to spinal 
anesthesia

Small Atraumatic 48 Subarachnoid 144 Laminectomy of 
unspecified level 
with evacuation 
of hematoma 
extending T10/L5

Expired

Bellamy, et al.[3] 1984 9 Male Thrombocytopenia Not 
Reported

Traumatic 1.5 Subarachnoid N/A None Expired

Contd...



SNI: General Neurosurgery 2016, Vol 7: Suppl 22 - A Supplement to Surgical Neurology International

S586

Table 1: Condt...

Case study Year Age 
(years)

Gender Pre-LP 
Coagulopathy

Needle 
Gauge

Traumatic/ 
atraumatic

LP to 
symptom 

onset 
(hr)

Hematoma Symptom 
onset to 
treatment 
(hr)

Surgical 
intervention

Outcome 
(grade)

Owens, et al.[26] 1986 70 Male None Not 
Reported

Traumatic 18 Subarachnoid 22 Exploration of 
Lumbar Spine 
(Laminectomy 
levels not 
reported with 
evacuation of 
clot)

Poor

Scott, et al.[32] 1989 26 Male Thrombocytopenia Not 
Reported

Atraumatic 9 Subarachnoid 27 T11/L1 
Laminectomy 
with evacuation 
of the hematoma 
extending from 
T11/L1

Expired

Scott, et al.[32] 1989 67 Male None Large Traumatic 50 Subarachnoid Not 
Reported

T11/L1 
Laminectomy 
with evacuation 
of the hematoma 
extending from 
T12/L1

Expired

Peltola, et al.[28] 1996 29 Female None Small Atraumatic 1 Epidural Not 
Reported

Laminectomy 
at L5 with 
evacuation 
of epidural 
hematoma

Good

Gerancher,  
et al.[14]

1997 66 Female None Small Atraumatic 37 Epidural, 
subdural, 
subarachnoid

Not 
Reported

None Good

Goyal, et al.[15] 1999 25 Female None Not 
Reported

Atraumatic 72 Subarachnoid Not 
Reported

Laminectomy of 
unspecified level 
with evacuation 
of hematoma

Good

Wirtz, et al.[35] 2000 12 Male Thrombocytopenia 
(tx w/platelets)

Not 
Reported

Atraumatic 24 Subdural 48 T11/L2 
Laminectomy and 
partial evacuation 
of subdural 
hematoma

Good

Adler, et al.[1] 2001 5 Male None Not 
Reported

Atraumatic 4 Epidural N/A None Good

Pai, et al.[27] 2002 53 Male None 
(Thrombocytopenia 
found later)

Not 
Reported

Traumatic Not 
Reported

Subarachnoid Not 
Reported

T11/L3 
Laminectomy 
with evacuation 
of subarachnoid 
hematoma

Poor

Chan and Bailin[6] 2004 80 Female None Small Traumatic 72 Epidural N/A None Expired
Tubbs, et al.[34] 2004 0.32692 Male Premature infant 

(22wks)
Not 
Reported

Atraumatic 12 Subdural Not 
Reported

Laminectomy 
of T12/L2 with 
dissection and 
evacuation of 
hematoma

Poor

Effron, et al.[13] 2006 45 Female None Not 
Reported

Not 
Reported

Not 
Reported

Subdural Not 
Reported

Laminectomy and 
decompression 
of L3/L4 subdural 
hematoma

Good

Contd...
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and 20/32 reported (62.5%) an atraumatic tap. When 
comparing the outcomes of the atraumatic patients, 
11 had good outcome and 9 had poor outcome (with 
5 patients expired by 12 months). The results of the 
traumatic group were split evenly with 6 experiencing 
good outcome, and 6 experiencing poor outcome (with 
4 deaths by 12 months). However, no statistical difference 
could be seen between presence of traumatic tap and 
outcome (P = 1.0000 using Fisher’s exact test).

With a relatively small and pooled cohort size 
as ours and only limited data reporting on the 
respective therapeutic intervention performed, it is 
not easily possible to derive at strong conclusions or 
recommendation that is based on specific clinical 
management decisions. However, we were interested in 
assessing a possible difference in outcome based on the 
decision of whether symptomatic patients were taken 
for surgical intervention.

Table 1: Condt...

Case study Year Age 
(years)

Gender Pre-LP 
Coagulopathy

Needle 
Gauge

Traumatic/ 
atraumatic

LP to 
symptom 

onset 
(hr)

Hematoma Symptom 
onset to 
treatment 
(hr)

Surgical 
intervention

Outcome 
(grade)

Liu, et al.[21] 2008 76 Female None Not 
Reported

Atraumatic Not 
Reported

Epidural Not 
Reported

External 
Ventricular 
Drain, Spinal 
angiography 
with transarterial 
embolization with 
gelform 

Poor

Lee, et al.[20] 2009 76 Female None Small Traumatic 2 Epidural, 
subarachnoid, 
intraventricular

Not 
Reported

Craniotomy, 
Hematoma 
evacuation, coil 
embolization of L1 
spinal artery

Good

Sanchez‑ 
Menoyo, et al.[31]

2009 22 Male None Not 
Reported

Traumatic Not 
Reported

Subdural N/A None Good

Sanchez‑ 
Menoyo, et al.[31]

2009 69 Female None Not 
Reported

Traumatic Not 
Reported

Epidural N/A None Good

Sinclair, et al.[33] 2009 29 Female None Not 
Reported

Atraumatic 8 Extradural N/A None Good

Anderiz, et al.[2] 2014 79 Female Reversed 
acenocoumeral 
(Vit K Antagonist)

Not 
Reported

Not 
Reported

120 Subarachnoid Not 
Reported

T12/L1 
spinal dural 
arteriovenous 
fistula with 
embolization, 
laminectomy 
and evacuation 
of T12/L1 
subarachnoid 
hematoma 
covering nerve 
roots

Good

Makris, et al.[22] 2014 64 Female None Small Atraumatic 72 Epidural Not 
Reported

None Good

Original case 1 2014 54 Male None Large Traumatic 192 Subarachnoid 24 Laminectomy 
between L2/L5 
with disruption of 
the subarachnoid 
hematoma at the 
L4 level

Good

Original case 2 2014 83 Male None Not 
Reported

Not 
Reported

Not 
Reported

Subdural 500 Laminectomy 
between T7/S1 
with evacuation 
of subdural 
hematoma

Good
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Comparing patients undergoing some form of surgical 
intervention to patients managed nonsurgically (medically 
managed group), our analysis revealed 21 patients treated 
surgically and 14 patients managed nonsurgically. Of 
the 21 (60%) surgical patients, 12 (57.1%) had good 
outcome, defined as mild sensorimotor loss without any 
voiding dysfunction of either bowel or bladder or no 
reported deficit at all. Nine (42.9%) had poor outcomes 
(severe paraparesis, voiding dysfunction, or they expired 
[4 (19.0%)] within a 12 months period). With regards to 
the 14 (40%) nonsurgically managed patients, 8 (57.1%) 
had good outcome and 6 (42.9%) had poor outcome with 
4 of these patients (28.6%) expiring within 12 months.

Using Fisher’s exact test, a comparison of surgical 
versus nonsurgical intervention reveals exactly the same 
proportion of good to bad outcomes with any surgical 
intervention as without (P = 1.0000). Comparison of 
expiration at 12 months in surgical versus nonsurgical 
intervention demonstrates a difference in the percentage 
of death 19.0% surgical versus 28.6% nonsurgical; 
however, this difference was not found to be significant 
(P = 0.6853 using Fisher’s exact test).

To determine whether time from symptom onset 
to decompression translated into a clinical outcome 
difference, we planned to review the time to surgical 
intervention, which was only noted in 8 of the 21 surgical 
cases. Unfortunately, as it turns out in many cases, such 
timing was not reported in detail. Thus, we abstained 
from any further analysis, since any inference of 
correlation to outcome would be of dubious significance.

DISCUSSION

Based on the differing interventions between our two 
LP‑related spinal hematoma patients and case review, 
we sought to determine if a pertinent guideline can be 
established to advise the health care provider on suitable 
or even specific management. We also explored whether 
factors exist that correlate with better outcome.

Through evaluation of our cohort of 35 total LP‑related 
spinal hematoma cases, we demonstrate that the presence 
of preexisting coagulopathy correlates with worse outcome 
at 6–12 months, relative to patients in whom spinal 
hematoma developed without coagulopathy. Clotting 
abnormalities included thrombocytopenia, preexisting 
use of anticoagulants, Vitamin K antagonists, antiplatelet 
medications, or in one pediatric case, extreme prematurity. 
However, such a correlation has significant confounders 
preventing a causal link to be made. The nature of 
underlying diseases (e.g., thrombocytopenia in leukemia), 
or disease (e.g., coronary artery disease) requiring the 
patient to be on long‑term postoperative anticoagulation 
may in themselves contribute to the poor outcome through 
a multitude of factors rather than simple hypocoagulability.

With regard to our primary aim to determine whether 
patients with spinal hematoma experienced better 
outcomes through surgical or medical (nonsurgical) 
intervention, we did not find a statistically significant 
difference between the reported outcomes of either 
group.

We also contrasted the “expired” subset of poor outcomes 
against good outcomes with regard to either surgical or 
medical intervention, but again did not find a statistically 
significant difference. However, several confounders may 
factor into our inability to demonstrate a correlation. 
Due to the rarity of these occurrences, and the even less 
frequently reported surgically managed cases, our overall 
sample size is relatively small giving our analysis limited 
power. Thus, we have constrained the ability to reject 
any assertion that medical management is correlated 
with identical or superior outcomes. The scenario is 
further complicated, as the intent and indication to treat 
may have been biased toward the chosen management 
(several patients suffering from spinal hematoma were 
deemed poor candidates for surgical intervention, or 
refused such intervention despite being good candidates). 
Furthermore, the variance in technical proficiency of the 
neurosurgical services between more than 30 reporting 
sites across eleven countries may confound the outcome.

Two other factors, time from LP to symptom onset and 
time from symptom onset to treatment, were considered 
relevant as they might significantly impact outcome; 
however, due to the underreporting of these variables 
across cases, we did not identify a valid recommendation. 
We noted the similarity of our findings to the ongoing 
highly controversial debate on time to treatment 
influencing outcome for all cases of CES. Some studies 
found a statistically significant improved outcome in 
symptomatic CES patients who receive the early surgical 
intervention,[17] while Qureshi and Sell suggested that 
shorter time to decompression does not statistically 
improve outcome assessed at 1 year.[29] The rarity of 
CES and its varying definitions have made it impossible 
to conduct proper prospective studies and develop a 
solid evidence‑based treatment recommendation; such a 
comprehensive analysis can be found in more recent work 
by Ohla et al., (neurosurgery, in press). Unfortunately 
with regard to the present review, only 8 (22.9%) of the 
reported patient cases from our entire pooled analysis 
included information about the time to symptom onset 
and subsequent intervention‑making any conclusions 
about surgical intervention as a factor of time speculative, 
even in the absence of controversy.

CONCLUSIONS

Important considerations for patients requiring LP or 
spinal anesthesia with the potential consequence of an 
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iatrogenic spinal cord hematoma include the presence of 
any preexisting coagulopathy, for which we demonstrated 
correlation with worse outcomes. Whenever possible, we 
suggest aggressive, proactive management of coagulopathy 
before any intervention, as this may decrease the 
incidence of such potentially devastating injuries.

Although we were unable to demonstrate significant 
differences between distinct modalities of intervention, 
we did not ascertain inferior treatment. In the absence 
of available data, the indication and choice for treatment 
remain highly individualized. It is our opinion that 
surgical management remains an appropriate intervention 
for neurologic emergencies caused by spinal hematoma 
such as CES.
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