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IMPORTANCE Coagulopathy may deter physicians from performing a lumbar puncture.

OBJECTIVE To determine the risk of spinal hematoma after lumbar puncture in patients with
and without coagulopathy.

DESIGN, SETTING, AND PARTICIPANTS Danish nationwide, population-based cohort study
using medical registries to identify persons who underwent lumbar puncture and had
cerebrospinal fluid analysis (January 1, 2008-December 31, 2018; followed up through
October 30, 2019). Coagulopathy was defined as platelets lower than 150 × 109/L,
international normalized ratio (INR) greater than 1.4, or activated partial thromboplastin time
(APTT) longer than 39 seconds.

EXPOSURES Coagulopathy at the time of lumbar puncture.

MAIN OUTCOMES AND MEASURES Thirty-day risk of spinal hematoma. Risks were provided as
numbers and percentages with 95% CIs. Secondary analyses included risks of traumatic
lumbar puncture (>300 × 106 erythrocytes/L after excluding patients diagnosed with
subarachnoid hemorrhage). Adjusted hazard rate ratios (HRs) were computed using
Cox regression models.

RESULTS A total of 83 711 individual lumbar punctures were identified among 64 730 persons
(51% female; median age, 43 years [interquartile range, 22-62 years]) at the time of the
procedure. Thrombocytopenia was present in 7875 patients (9%), high INR levels in 1393
(2%), and prolonged APTT in 2604 (3%). Follow-up was complete for more than 99% of the
study participants. Overall, spinal hematoma occurred within 30 days for 99 of 49 526
patients (0.20%; 95% CI, 0.16%-0.24%) without coagulopathy vs 24 of 10 371 patients
(0.23%; 95% CI, 0.15%-0.34%) with coagulopathy. Independent risk factors for spinal
hematoma were male sex (adjusted hazard ratio [HR], 1.72; 95% CI, 1.15-2.56), those aged 41
through 60 years (adjusted HR, 1.96; 95% CI, 1.01-3.81) and those aged 61 through 80 years
(adjusted HR, 2.20; 95% CI, 1.12-4.33). Risks did not increase significantly according to overall
severity of coagulopathy, in subgroup analyses of severity of coagulopathy by pediatric
specialty or medical indication (infection, neurological condition, and hematological
malignancy), nor by cumulative number of procedures. Traumatic lumbar punctures occurred
more frequently among patients with INR levels of 1.5 to 2.0 (36.8%; 95% CI, 33.3%-40.4%),
2.1 to 2.5 (43.7%; 95% CI, 35.8%-51.8%), and 2.6 to 3.0 (41.9% 95% CI 30.5-53.9) vs those
with normal INR (28.2%; 95% CI, 27.7%-28.75%). Traumatic spinal tap occurred more often
in patients with an APTT of 40 to 60 seconds (26.3%; 95% CI, 24.2%-28.5%) vs those with
normal APTT (21.3%; 95% CI, 20.6%-21.9%) yielding a risk difference of 5.1% (95% CI,
2.9%-7.2%).

CONCLUSIONS AND RELEVANCE In this Danish cohort study, risk of spinal hematoma following
lumbar puncture was 0.20% among patients without coagulopathy and 0.23% among those
with coagulopathy. Although these findings may inform decision-making about lumbar
puncture by describing rates in this sample, the observed rates may reflect bias due to
physicians selecting relatively low-risk patients for lumbar puncture.
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L umbar puncture is a commonly performed medical pro-
cedure that is crucial for the diagnosis and treatment of
central nervous system (CNS) infections, neurological

diseases, and certain types of cancer. Spinal hematoma may
be caused by lumbar puncture and presents as severe back pain,
radiculopathy, urinary incontinence, and inferior paraparesis.1,2

How often this complication occurs remains unclear, but it
has been an increasing concern for clinicians since the 1980s,
especially among patients with coagulopathies.1-9 This may
result in deferral or omission of lumbar punctures and, as
a consequence, delayed or even erroneous diagnosis and
treatment of patients.2 Studies addressing risks of spinal he-
matoma after lumbar puncture are scarce and restricted to
selected patient groups of small to moderate sample sizes
(eg, children4,10,11 or adults5,12 with hematological malignan-
cies) or to case series,3,6,8 so large-scale registry-based data are
required for further clarification.2,13

Using nationwide and population-based medical regis-
tries, this study aimed to determine the risk of spinal hema-
toma following lumbar puncture in patients with and with-
out coagulopathy in Denmark.

Methods
Ethics
The study was approved by the legal representatives of
North Denmark Region (reference identification No.: 2018-45)
and the Danish Board of Health (reference identification
No.: 3-3013-2477/1). To ensure anonymity of patients and ac-
cording to Danish data regulations, events that involved fewer
than 5 individuals were censored from the Danish Registry of
Causes of Death. Patient consent or approval from an ethics com-
mittee is not required for this type of study in Denmark.

Setting and Study Population
In Denmark, health care is tax financed and free of charge
at the point of delivery. At birth or immigration, a unique
10-digit civil registration number is assigned to all residents,
which can be used for unambiguous linkage between medi-
cal and administrative registries at the individual level. The
population of Denmark was 5 827 463 on January 1, 2019.14

This study was conducted by (1) using Danish national
registries from January 1, 2008, through December 31, 2018
(follow-up through October 30, 2019) to examine the risk of
spinal hematoma after lumbar puncture; (2) reviewing the
1998-2018 medical records of all patients with coagulopathy
(platelets <150 × 109/L, international normalized ratio [INR]
>1.4, or activated partial thromboplastin time [APTT] >39 sec-
onds) at the time of the lumbar puncture performed in the
North Denmark Region; and (3) reviewing 1998-2018 medical
records of all patients admitted with diagnosis codes
suggestive of spinal hematoma at the departments of
infectious diseases, neurology, or neurosurgery in the North
Denmark Region.

First, the Danish Laboratory Database was accessed to
identify all 2008-2018 lumbar punctures registered by the
use of Nomenclature for Properties and Units (NPU) codes for

cerebrospinal fluid (CSF) analyses (eTable 1 in the Supple-
ment). After establishment in 2008, this registry has steadily
expanded and now includes most major biochemical labora-
tories in Denmark since 2015, corresponding to approxi-
mately 80% of the population of Denmark.15 Each lumbar
puncture was individually numbered by grouping NPU codes
according to the unique personal identifier of each Danish
resident and the date of analysis. Thus, patients could only
be categorized with 1 lumbar puncture per day, and the date
of CSF analysis was considered the index date of each proce-
dure. Traumatic spinal tap was defined as more than
300 × 106 erythrocytes/L of CSF after excluding patients
diagnosed with subarachnoid hemorrhage because many
departments of clinical biochemistry in Denmark report all
CSF erythrocyte counts lower than this threshold as less than
300. The results of all blood samples that had been per-
formed during the study period were also obtained from this
registry. For each measurement of blood platelets, INR, or
APTT, the most extreme value each day was included. Mea-
surements of blood platelets, INR, or APTT within 1 day of a
performance of a lumbar puncture were included for patients
from whom these parameters were not sampled on the index
date. Similarly, samples within a 5-day window were also
included for patients without such measurements within the
first day of the procedure.

The Danish National Patient Registry was used to detect
spinal hematoma events, defined as first-time diagnosis codes
for inferior paraparesis, medullary compression, or surgical re-
moval of spinal hematoma after each lumbar puncture (eTable 2
in the Supplement).16 This registry includes information on all
somatic admissions in Denmark since 1977 as well as outpa-
tient and emergency department contacts since 1995. Be-
sides dates of admission and discharge, each hospital contact
is assigned up to 20 diagnosis codes classified according to the
World Health Organization’s International Classification of
Diseases, Eighth Revision (ICD-8) until 1993 when it was re-
placed by ICD-10. Surgical procedures were categorized by the
Danish Classification of Surgical Procedures from 1977 to 1996
and by a Danish version of the Nordic Medico-Statistical Com-
mittee Classification of Surgical Procedures since then. To avoid
misclassification of CSF samples obtained by methods other
than lumbar puncture, cases were excluded if they had a pro-
cedure code for placement of an external ventricular drain

Key Points
Question What is the risk of spinal hematoma after lumbar
puncture in patients with coagulopathy?

Findings In this Danish registry-based cohort study that included
64 730 patients undergoing 83 711 individual lumbar punctures,
the overall 30-day risk of spinal hematoma was 0.20% among
patients without coagulopathy at the time of the procedure and
0.23% among patients with coagulopathy.

Meaning Although potentially limited by bias due to physicians
selecting relatively low-risk patients for lumbar puncture, these
findings provide estimates of the risk of spinal hematoma that may
inform decision-making about lumbar puncture.
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within 14 days before the index date. The Danish National Pa-
tient Registry was also used to compute the Charlson Comor-
bidity Index (CCI) scores of all patients before the index date.

The Danish Civil Registration System was accessed to ob-
tain information on all-cause mortality and emigration of study
participants.17 This registry was established in 1968 and rec-
ords data on vital and migration status of all Danish residents
on a daily basis.

The Danish Registry of Causes of Death was searched for
fatalities ascribed to spinal hematoma as the underlying or con-
tributory causes of death among study participants (eTable 2
in the Supplement).18 Established in 1875, this registry con-
tains data on all death certificates issued in Denmark. Since
2007, the cause of death has been categorized according to
ICD-10 diagnosis codes and submitted electronically by the
physician providing care for the patient at the time of death.

Second, to address potential limitations in identifying
cases of spinal hematoma in health care registries, the
medical records of all patients with coagulopathy at the
time of the procedure in North Denmark Region from 1998
through 2018 were reviewed. All individual lumbar punc-
tures were identified by NPU codes for CSF analyses in the
database of the Department of the Clinical Biochemistry at
Aalborg University Hospital (eTable 1 in the Supplement),

which contains the biochemical results of every resident
within the North Denmark Region (n = 589 148 in 201814)
(Table1). Besides the occurrence of subsequent spinal hema-
toma, use of antithrombotic or anticoagulant drugs, reversal
of coagulopathy, and the medical indication for lumbar
puncture were noted as well as the experience and medical
specialty of the physician.

Third, the medical files of all patients with diagnosis
and surgical procedure codes suggestive of spinal hema-
toma admitted at the departments of neurosurgery, neurol-
ogy, or infectious diseases in the North Denmark Region
(1998-2018) were also reviewed to decrease the risk of
missed cases caused by lumbar puncture (eTable 3 in
the Supplement).

Outcomes
The primary outcome was 30-day risk of first-time spinal he-
matoma in patients with and without coagulopathy stratified
by different levels of thrombocytopenia, high INR levels, and
prolonged APTT at time of the lumbar puncture. Prespecified
subgroup analysis included risks by medical indication (in-
fection vs neurological condition vs hematological cancer), pe-
diatric specialty, and cumulative number of procedures. Sec-
ondary outcomes consisted of the overall cumulative incidence

Table 1. Descriptive Characteristics and 30-Day Risks of Spinal Hematoma in 64 730 Individuals With a Total of 83 711 Lumbar Punctures

Danish National Laboratory Database 2008-2018

Baseline characteristics, No. (%) 30-d risk of spinal hematoma
No spinal
hematoma

Spinal
hematoma SMD No./total % (95% CI)

Risk difference
(95% CI)

Crude HR
(95% CI)a

Adjusted HR
(95% CI)a

No. of study
participants

83 568 143 143/83 711b 0.17 (0.14 to 0.20)

Sex

Female 42 716 (51) 54 (38) 0.27 54/42 770 0.13 (0.09 to 0.16) 1 [Reference] 1 [Reference] 1 [Reference]

Male 40 852 (49) 89 (62) 0.27 89/40 941 0.22 (0.17 to 0.27) 0.09 (0.03 to 0.15) 1.89 (1.27 to 2.80) 1.72 (1.15 to 2.56)

Age, y

0-20 19 565 (23) 18 (13) 0.28 18/19 583 0.09 (0.05 to 0.15) 1 [Reference] 1 [Reference] 1 [Reference]

21-40 20 133 (24) 28 (20) 0.11 28/20 161 0.14 (0.09 to 0.20) 0.05 (−0.02 to 0.11) 0.91 (0.42 to 1.94) 0.94 (0.44 to 2.02)

41-60 21 444 (26) 41 (29) 0.07 41/21 485 0.19 (0.14 to 0.26) 0.10 (0.03 to 0.17) 2.13 (1.11 to 4.08) 1.96 (1.01 to 3.81)

61-80 20 089 (24) 54 (38) 0.30 54/20 143 0.27 (0.20 to 0.35) 0.18 (0.09 to 0.26) 2.59 (1.36 to 4.94) 2.20 (1.12 to 4.33)

≥81 2337 (3) 2 (1) 0.10 2/2339 0.09 (0.01 to 0.31) −0.01 (−0.13 to 0.12) 1.06 (0.24 to 4.74) 0.93 (0.20 to 4.23)

Charlson
Comorbidity
Indexc

Low 44 006 (53) 68 (48) 0.10 68/44 074 0.15 (0.12 to 0.20) 1 [Reference] 1 [Reference] 1 [Reference]

Moderate 28 827 (35) 42 (29) 0.11 42/28 869 0.15 (0.10 to 0.20) −0.01 (−0.07 to 0.05) 1.34 (0.87 to 2.08) 1.09 (0.69 to 1.72)

High 10 735 (13) 33 (23) 0.27 33/10 768 0.31 (0.21 to 0.43) 0.15 (0.04 to 0.26) 2.31 (1.39 to 3.84) 1.62 (0.94 to 2.79)

Any
coagulopathyd

No 49 427 (59) 99 (69) 0.21 99/49 526 0.20 (0.16 to 0.24) 1 [Reference] 1 [Reference] 1 [Reference]

Yes 10 347 (12) 24 (17) 0.12 24/10 371 0.23 (0.15 to 0.34) 0.03 (−0.07 to 0.13) 0.91 (0.48 to 1.71) 0.73 (0.38 to 1.38)

No
measurement

23 794 (28) 20 (14) 0.36 20/23 814 0.08 (0.05 to 0.13) −0.12 (to −0.06 to −0.17) 0.39 (0.23 to 0.66) 0.35 (0.21 to 0.61)

Abbreviations: HR, hazard ratio; SMD, standardized mean difference.
a HR analyses are restricted to first-time lumbar punctures only (ie, 64 730) and

adjusted for age, sex, and Charlson Comorbidity Index scores.
b Seven of the 143 patients diagnosed with spinal hematoma died within 30

days after lumbar puncture.
c The score ranges from 0 to 29 and predicts 1-year mortality based on a broad

range of 19 medical conditions. A low score (0) indicates a low risk of death
and a high score suggests an increased risk of death (�3).

d Assessed by either platelet count lower than 150 × 109/L, international
normalized ratio higher than 1.4, activated partial thromboplastin time longer
than 39 seconds, or a combination of these parameters.
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of spinal hematoma after lumbar puncture and 30-day mor-
tality rates. Because traumatic spinal tap is considered a proxy
for serious hemorrhagic complications, supplementary analy-
ses were repeated using this variable as the outcome measure
after excluding patients diagnosed with subarachnoid hem-
orrhage within 14 days of their lumbar puncture.6,7

Statistical Analyses
All patients were observed from the index date (date of lum-
bar puncture) until the date of death, spinal hematoma, loss
to follow-up, emigration, or October 30, 2019, whichever came
first. Risks were described by numbers and percentages with
95% CIs using the binomial exact method and continuous vari-
ables by medians with interquartile ranges (IQRs). Covariate
balances were examined using standardized mean differ-
ences (SMDs). Risk differences with 95% CIs were also com-
puted for the primary outcome. Missing data for platelets, INR,
and APTT were considered unlikely to fulfill the required miss-
ing-at-random assumption for multiple imputation due to con-
founding by indication of obtaining such blood tests at time
of the procedure. Thus, risk analyses associated with differ-
ent levels of thrombocytopenia, high INR, or prolonged APTT

only included patients for whom these parameters were avail-
able at time of the procedure.

Cox regression was used to compute cause-specific haz-
ard rate ratios (adjusted HRs) of first-time diagnosis of spi-
nal hematoma within 30 days as well as 30-day mortality
rate ratios (RRs) for patients with and without coagulopathy
at the time of the first lumbar puncture. Adjusted analyses
were controlled for age group (0-20, 21-40, 41-60, 61-80,
≥81 years), sex, and CCI scores (0, 1-2, ≥3).1,7 To assess
whether the association with the severity of each coagulop-
athy differed by age group, sex, or CCI scores, an interaction
term was included in regression models and analyzed using
the Wald test. The proportional hazards assumption was
confirmed by inspection of log(−[log{survival function}])
against time for all exposure variables. Using the stcompet
command in Stata, a cumulative incidence curve of the first-
time diagnosis of spinal hematoma in all patients was con-
structed taking death, emigration, and loss to follow-up into
account as competing risks.19 A 2-sided P <. 05 was consid-
ered statistically significant.

Stata MP version 16 (StataCorp) was used for all
statistical analyses.

Figure. Cumulative Incidence of Spinal Hematoma During 30 Days After First-time Lumbar Puncture of 64 730 Individuals
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Thirty-day follow-up was complete for more than 99% of all individuals (eFigure 1 in the Supplement). There were no spinal hematomas among patients with a high
international normalized ratio at first-time lumbar puncture.
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Results

Using medical registries, 83 711 individual lumbar punctures
were identified among 64 730 study participants (eFigure 1
in the Supplement). The median age at the time of the
procedure was 43 years (IQR, 22-62 years) and 51% were
women. Blood platelets were sampled within 5 days of the
lumbar puncture among 70% of cases; the INR, among 54%;
and APTT, among 26% with the large majority of measure-
ments within a 1-day window of the index date (eTables 4 and
5 in the Supplement). The median number of lumbar punc-
tures was 1 (IQR, 1-2). Follow-up was complete for more than
99% of study participants.

Overall, spinal hematoma was diagnosed in 143 of 83 711
lumbar punctures (0.17%; 95% CI, 0.14%-0.20%); 99 of 49 526
patients (0.20%; 95% CI, 0.16%-0.24%) without coagulopa-
thy, 24 of 10 371 patients (0.23%, 95% CI, 0.15%-0.34%) with
coagulopathy, and 20 of 23 814 patients (0.08%, 95% CI, 0.05%-
0.13%) without relevant blood samples within 5 days of the pro-
cedure (Table 1; eTable 6 in the Supplement). A higher pro-
portion of men (62% vs 49%), age group 61-80 years (38% vs
24%), and CCI scores of 3 or higher (23% vs 13%) was ob-
served by comparison of patients with spinal hematoma than
those without.

Restricting the analyses to first-time lumbar punctures
among the 64 730 study participants, the cause-specific HR
of spinal hematoma adjusted for age, sex, and CCI scores was
1.96 (95% CI, 1.01-3.81) for those aged 41 through 60 years;
2.20 (95% CI, 1.12-4.33) for those aged 61 through 80 years,
and 1.72 (95% CI, 1.15-2.56) for male sex. Accounting for com-
peting risks (ie, death or loss to follow-up), the overall cumu-
lative incidence of spinal hematoma after first-time lumbar
puncture was 0.15% in patients with coagulopathy and 0.17%
in those without coagulopathy with a steady temporal incre-
ment for 30 days following the procedure (Figure).

Examining the full data set stratified by type and se-
verity of coagulopathy—increasing degrees of thrombocyto-
penia, high INR, or prolonged APTT—and using patients
with values within normal ranges as the reference, there
was no association of increasing risk of spinal hematoma
within 30 days of lumbar puncture (Table 2). In addition,
risk did not increase by the cumulative number of lumbar
punctures in each individual (eTable 7 in the Supplement)
or in subgroup analyses of medical indications or pediatric
specialty (Table 3; eTable 8 in the Supplement). No cases of
spinal hematoma were observed among patients admitted
with infection and blood platelets lower than 50 × 109/L
(n = 344) or INR higher than 1.4 (n = 604) at time of lum-
bar puncture.

Table 2. Thirty-Day Risks of Spinal Hematoma According to Type and Severity of Coagulopathy Following 83 711 Lumbar Punctures
in 64 730 Individuals

Danish National Laboratory Database 2008-2018, 30-d risk of spinal hematoma

No./total % (95% CI) Risk difference (95% CI) Crude HR (95% CI)a Adjusted HR (95% CI)a

Blood platelets, 109/L

≥151 103/51 132 0.20 (0.16 to 0.24) 1 [Reference] 1 [Reference] 1 [Reference]

101-150 13/3914 0.33 (0.18 to 0.57) 0.13 (−0.05 to 0.32) 1.82 (0.91 to 3.62) 1.47 (0.73 to 2.94)b

51-100 4/2065 0.19 (0.05 to 0.50) −0.01 (0.20 to 0.19)

31-50 1/789 0.13 (0.00 to 0.70) −0.07 (0.33 to 0.18)

11-30 2/886 0.23 (0.03 to 0.81) 0.02 (0.29 to 0.34) 1.80 (0.25 to 12.9) 1.56 (0.22 to 11.3)b

0-10 0/221 0 (0.00 to 1.66)

No measurement 20/24 704 0.08 (0.05 to 0.13) −0.12 (−0.07 to −0.17) 0.38 (0.22 to 0.65) 0.35 (0.20 to 0.60)

INR

0-1.4 106/43 771 0.24 (0.20 to 0.29) 1 [Reference] 1 [Reference] 1 [Reference]

1.5-2.0 1/957 0.10 (0.00 to 0.58) −0.14 (−0.35 to 0.07)

2.1-2.5 0/224 0 (0.00 to 1.63)

2.6-3.0 0/100 0 (0.00 to 3.62)

3.1-4.0 0/61 0 (0.00 to 5.87)

≥4.1 0/51 0 (0.00 to 6.98)

No measurement 36/38 547 0.09 (0.07 to 0.13) −0.15 (−0.09 to −0.20) 0.37 (0.24 to 0.58) 0.38 (0.24 to 0.59)

APTT (s)

0-39 59/19 561 0.30 (0.23 to 0.39) 1 [Reference] 1 [Reference] 1 [Reference]

40-60 5/2282 0.22 (0.07 to 0.51) −0.08 (0.29 to 0.12) 0.45 (0.11 to 1.86) 0.39 (0.09 to 1.62)c

≥61 0/322 0 (0.00 to 1.14)

No measurement 79/61 546 0.13 (0.10 to 0.16) −0.17 (−0.09 to −0.26) 0.45 (0.30 to 0.67) 0.45 (0.30 to 0.67)

Abbreviations: APTT, activated partial thromboplastin time; HR, hazard ratio;
INR, international normalized ratio.
a HR analyses are restricted to first-time lumbar punctures only (ie, 64 730) and

adjusted for age, sex and Charlson Comorbidity Index scores. Few or no events
precluded computation of HRs for some strata.

b P = .24 for interaction with age group, P = .10 for interaction with sex, and
P = .95 for interaction with Charlson Comorbidity Index score.

c P = .55 for interaction with age group, P = .71 for interaction with sex, and
P = .44 for interaction with Charlson Comorbidity Index score.
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Traumatic spinal tap (>300 × 106 erythrocytes/L in the CSF)
occurred in 27.8% (95% CI, 27.4-28.1) of all lumbar punc-
tures. Using this parameter as a surrogate for risk of spinal he-
matoma, there was no increased risk associated with all de-
grees of thrombocytopenia (eTable 9 in the Supplement).
However, traumatic lumbar punctures occurred more fre-
quently among patients with INR levels of 1.5 to 2.0 (36.8%;
95% CI, 33.3%-40.4%), 2.1 to 2.5 (43.7%; 95% CI, 35.8%-
51.8%), and 2.6 to 3.0 (41.9%; 95% CI, 30.5%-53.9%) vs those
with normal INR (28.2%; 95% CI, 27.7%-28.7%). Traumatic spi-
nal tap was also more common in patients with an APTT of 40
to 60 seconds (26.3%; 95% CI, 24.2%-28.5%) vs those with nor-
mal APTT (21.3%; 95% CI, 20.6%-21.9%) yielding a risk differ-
ence of 5.1% (95% CI, 2.9%-7.2%).

Thirty-day mortality RRs, adjusted for age, sex, and CCI
scores, increased significantly according to severity of coag-
ulopathy (eTable 10 in the Supplement). By searching the Dan-
ish Registry of Causes of Death, fewer than 5 deaths were cat-
egorized with spinal hematoma as the primary or secondary
causes of death. Among another 13 deaths attributable to un-
intentional complications of surgical or medical care, none
were caused by procedures of aspiration or puncture.

Secondary analyses consisted of medical record review of
1694 identified lumbar punctures in 1237 patients with coag-
ulopathy at time of procedure in the North Denmark Region
from 1998 through 2018 (Table 4). The patients had a median

age of 46 years (IQR 8-66 years) and 45% were female. Fluo-
roscopy was not used in any of the reviewed lumbar punc-
tures. Spinal hematoma was found in 1 of 1694 procedures
equivalent to 0.06% (95% CI, 0.001%-0.33%) of all lumbar
punctures (see the Supplement for case description). No spi-
nal hematomas were observed among a limited number of
cases with ongoing antithrombotic or anticoagulant treat-
ment at the time of the procedure.

In addition, medical record review of patients at depart-
ments of neurosurgery, neurology, or infectious diseases in the
North Denmark Region from 1998 to 2018 did not reveal any
cases of spinal hematoma preceded by lumbar puncture (eFig-
ure 2 in the Supplement).

Discussion
In this Danish nationwide population-based cohort study,
the absolute risk of spinal hematoma within 30 days after lum-
bar puncture was low and did not differ substantially be-
tween patients with and without coagulopathy at the time
of procedure.

Previous studies of risk of spinal hematoma following lum-
bar puncture primarily consist of case series of limited
size.3,6-8,13 Two reports involving 941 children and 66 adults
who had undergone lumbar punctures to treat acute leukemia

Table 3. Thirty-Day Risks of Spinal Hematoma Following Lumbar Puncture According to Medical Indication

Danish National Laboratory Database 2008-2018, 30-d risks of spinal hematomaa

Infectious diseases Neurological condition Hematological cancer Pediatric

No./total % (95% CI) No./total % (95% CI) No./total % (95% CI) No./total % (95% CI)
Overall 34/15 216 0.22 (0.15-0.31) 98/19 126 0.51 (0.42-0.62) 19/7976 0.24 (0.14-0.37) 16/17 019 0.09 (0.05-0.15)

Blood platelets,
× 109/L

≥151 [Reference] 24/11 631 0.21 (0.13-0.31) 77/13 663 0.56 (0.45-0.70) 9/4682 0.19 (0.09-0.36) 13/11 521 0.11 (0.06-0.19)

101-150 4/1244 0.32 (0.09-0.82) 7/562 1.25 (0.50-2.55) 5/977 0.51 (0.17-1.19) 1/957 0.10 (0.00-0.58)

51-100 1/537 0.19 (0.00-1.03) 2/151 1.32 (0.16-4.70) 1/882 0.11 (0.00-0.63) 0/661 0 (0.00-0.56)

31-50 0/157 0 (0.00-2.32) 0/35 0 (0.00-0.10) 1/477 0.21 (0.01-1.16) 0/310 0 (0.00-1.18)

11-30 0/145 0 (0.00-2.51) 2/10 20.0 (2.52-55.6) 2/623 0.32 (0.04-1.15) 1/426 0.23 (0.01-1.30)

0-10 0/42 0 (0.00-8.40) 0/3 0 (0.00-70.8) 0/142 0 (0.00-2.56) 0/91 0 (0.00-3.97)

No measurement 5/1460 0.34 (0.11-0.80) 10/4702 0.21 (0.10-0.39) 1/193 0.52 (0.01-2.85) 1/3053 0.03 (0.00-0.18)

INR

0-1.4 [Reference] 25/10 745 0.23 (0.15-0.34) 76/11 478 0.66 (0.52-0.83) 12/3952 0.30 (0.16-0.53) 10/6430 0.16 (0.07-0.29)

1.5-2.0 0/403 0 (0.00-0.91) 1/174 0.57 (0.01-3.16) 1/77 1.30 (0.03-7.02) 1/191 0.52 (0.01-2.88)

2.1-2.5 0/95 0 (0.00-3.81) 0/26 0 (0.00-13.2) 0/10 0 (0.00-30.8) 0/39 0 (0.00-9.03)

2.6-3.0 0/49 0 (0.00-7.25) 0/17 0 (0.00-19.5) 0/2 0 (0.00-84.2) 0/8 0 (0.00-36.9)

3.1-4.0 0/26 0 (0.00-13.2) 0/10 0 (0.00-30.8) 0/5 0 (0.00-52.2) 0/6 0 (0.00-45.9)

≥4.1 0/31 0 (0.00-11.2) 0/9 0 (0.00-33.6) 0/8 0 (0.00-36.9)

No measurement 9/3867 0.23 (0.11-0.44) 21/7412 0.28 (0.18-0.43) 6/3930 0.15 (0.06-0.33) 5/10 337 0.05 (0.02-0.11)

APTT, s

0-39 [Reference] 16/3695 0.43 (0.25-0.70) 43/5189 0.83 (0.60-1.11) 10/2482 0.40 (0.19-0.74) 6/2980 0.20 (0.07-0.44)

40-60 1/796 0.13 (0.00-0.70) 3/395 0.76 (0.16-2.20) 1/351 0.28 (0.01-1.58) 1/473 0.21 (0.01-1.17)

≥61 0/112 0 (0.00-3.24) 0/34 0 (0.00-10.3) 0/99 0 (0.00-3.66) 0/86 0 (0.00-4.20)

No measurement 17/10 613 0.16 (0.09-0.26) 52/13 508 0.38 (0.29-0.50) 8/5044 0.16 (0.07-0.31) 9/13 480 0.07 (0.03-0.13)

Abbreviations: APTT, activated partial thromboplastin time; INR, international
normalized ratio.

a As indicated by the primary diagnosis codes assigned at discharge. Any patient
younger than 18 years at time of the procedure was categorized as pediatric.
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Table 4. Characteristics of 1694 Lumbar Punctures in 1237 Individuals in North Denmark Region
From 1998 Through 2018

North Denmark Region 1998-2018, No. (%)a

No. of punctures 1694

Overall risk of spinal hematoma 1 (0.06)

95% CI 0.001-0.33

Females 755 (45)

Males 939 (55)

Age, y

No. 1694

Median (IQR) 46 (8-66)

No. of lumbar punctures in each patient

No. 1237

Median (IQR) 1 (1-1)

Planned lumbar puncture (elective) 624/1643 (38)

Medical indication for lumbar puncture

Diagnosticb 1126 (66)

Infectious diseases 964 (86)

Neurological condition 162 (14)

Malignancy 194 (17)

Therapeutic (eg, instillation of chemotherapy) 465 (27)

Diagnostic and therapeutic 95 (6)

Needle

Traumatic 188 (11)

Atraumatic 93 (5)

Unknown 1413 (83)

Gauge

No. 127

Median (IQR) 22 (22-22)

No. of attempts per procedure

No. 609

Median (IQR) 1 (1-1)

Consultant performing the procedure (yes/no) 506/1043 (49)

Medical specialty

Pediatrics 524 (31)

Anesthesia 305 (18)

Hematology 292 (17)

Neurology 99 (6)

Infectious diseases 93 (5)

Emergency and accidents 52 (3)

Neurosurgery 11 (0.6)

Oncology 3 (0.2)

Other departments 145 (9)

Unknown 170 (10)

Medication affecting coagulationc 437/1580 (28)

Acetylsalicylic acidd 144 (9)

Dipyridamole 5 (0.3)

Ticagrelor 0 (0)

Clopidogrel 8 (0.5)

Vitamin K antagonist 177 (11)

Direct oral anticoagulantse 16 (1)

Low-molecular-weight heparinf 171 (11)

Intravenous heparin (dialysis) 8 (0.5)

(continued)
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did not observe any serious hemorrhagic complications re-
lated to the procedure,4,5 whereas another study showed that
spinal hematoma occurred in 2 of 271 patients (0.7%) treated
with aspirin at time of procedure.20 In comparison, 3 cases
(0.2%) of spinal hematoma were observed in the current study
among 1896 procedures performed with blood platelets less
than 50 × 109/L across a range of medical indications and
patient groups.

Consistent with the present study, a systematic review and
meta-analysis of 613 patients with spinal hematoma found a
male predominance of 2:1 and a peak incidence among pa-
tients in their 60s.1 Moreover, only 63 cases (10%) were attrib-
uted to lumbar puncture or spinal blockade, most of whom
were treated with intravenous heparin.

A recent large meta-analysis of 110 randomized clinical
trials totaling 31 412 patients observed a decreased risk of all
adverse outcomes including traumatic spinal tap when an
atraumatic needle was used for lumbar puncture vs a trau-
matic needle, but the meta-analysis did not report on risk of
spinal hematoma.21 Although the different nature of central
neuraxial blockades and the concomitant injection of anes-
thetics precludes direct translation to patients undergoing lum-
bar puncture, risks of spinal hematoma ranging from 1 of 3600
to 1 of 220 000 in such patients also lend some support to the
very low-risk estimates observed in the current study.22-29

Thirty-day mortality was significantly increased across all
ranges of coagulopathy, which is likely due to the severe
underlying medical conditions compared with patients with-
out coagulopathy. This is supported by a search in the Danish
Registry of Causes of Death, in which fewer than 5 deaths
involving spinal hematoma were identified among all of the
study participants.

Lumbar puncture is a common procedure and was per-
formed approximately 18 750 times annually corresponding to
1.4% of all 1 336 803 hospital contacts in Denmark in year
2018,14 which is comparable with the results of a recent French
study.30 In clinical practice, the possibility of undiagnosed CNS
infection or neurological disease needs to be balanced against
a risk of spinal hematoma that appears relatively small. Guide-
lines suggest platelet thresholds should be higher than
20 × 109/L or 50 × 109/L for lumbar puncture and INR levels
lower than 1.5 for removal of epidural catheters.13,31-34 How-
ever, some experts recommend proceeding with lumbar punc-
ture regardless of coagulation status if the medical indication
is acute bacterial meningitis.35

Limitations
This study has several limitations. First, misclassification bias
may be present due to the reliance upon diagnosis codes for
paraparesis, medullary compression, and surgical removal of

Table 4. Characteristics of 1694 Lumbar Punctures in 1237 Individuals in North Denmark Region
From 1998 Through 2018 (continued)

North Denmark Region 1998-2018, No. (%)a

Platelets, × 109/Lg

≥151 477 (28)

101-150 124 (7)

51-100 605 (36)

31-50 196 (12)

11-30 209 (12)

0-10 38 (2)

No measurement 45 (3)

Platelet transfusion 299/1039 (29)

No. of platelet transfusions +/− 2 d of index date

No. 257

Median (IQR) 1 (1-2)

INRh

0-1.4 516 (30)

1.5-2.0 509 (30)

2.1-2.5 121 (7)

2.6-3.0 56 (3)

3.1-4.0 47 (3)

≥4.1 18 (1)

No measurement 427 (25)

Antidote (eg, vitamin K or fresh frozen plasma) +/− 2 d of index date 99/717 (14)

APTT (s)i

0-39 368 (22)

40-60 380 (22)

≥61 141 (8)

No measurement 805 (48)

Abbreviations: APTT, activated
partial thromboplastin time;
INR, international normalized ratio.
a Unless otherwise stated.
b Reason could not be determined for

8 cases. Some patients had several
diagnostic indications.

c All anticoagulants and antiplatelets
not specifically listed as held in the
days before lumbar puncture. Some
patients were administered
several medications.

d Other nonsteroidal
anti-inflammatory drugs in
8 patients.

e Rivaroxaban in 11, dabigatran in 3,
and apixaban in 2 patients.

f Dalteparin in 102, tinzaparin in 48,
and enoxaparin in 21 patients.

g A total of 1278 were measured on
the index date, 252 within 1 day, and
119 within 5 days.

h A total of 869 were measured on
index date, 165 within 1 day, and 233
within 5 days.

i 591 were measured on index date,
128 within 1 day, and 170 within
5 days.
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intraspinal bleeding as proxies for spinal hematoma. Com-
bined with potential missed diagnosis during clinical prac-
tice including in fatal cases, this could lead to an underesti-
mation of risk if patients were not assigned one of these
diagnosis codes. Conversely, the risk of 0.06% found by a medi-
cal record review of 1694 lumbar punctures among patients
with coagulopathy suggests that an overestimation is more
likely. Lack of registry-based data on use of antiplatelet and
anticoagulant treatment at the time of the procedure, espe-
cially those not affecting INR or APTT, may also have led to
misclassification of patients categorized without coagulopa-
thy. However, interpretation of such data would also require
access to information on medication adherence and planned
pauses in treatment in the days before lumbar puncture, which
is not possible using Danish registries. Still, observations of
treatment with anticoagulants and antiplatelets was ac-
counted for by medical record review and may offer some in-
sights into their contribution to the proportion of patients with
coagulopathy in Denmark. Second, despite the registry-
based design, numbers remained limited for those with se-
vere coagulopathy and data on platelets, INR, and APTT were
missing in a sizeable proportion of patients. Yet, risks among
patients with unknown coagulation status was lower than that
of other patients. Third, although this study was unable to

address reversal of coagulopathies in registry-based analy-
ses, data from the medical record review showed that correc-
tions took place for 14% of patients with high INR and for 29%
with thrombocytopenia providing a basis for comparison to
other settings. Fourth, the study was unable to assess risks in
patients with functional coagulopathy or in lumbar punc-
tures performed by fluoroscopy, which is rarely used in Den-
mark. Fifth, study inclusion was restricted to cases for whom
CSF was sent for laboratory analysis meaning that complica-
tions due to (multiple) failed attempts of lumbar puncture were
not included. Sixth, patients, in whom physicians chose not
to do a lumbar puncture, eg due to a perceived high risk of
bleeding complications, were not included.

Conclusions
In this Danish cohort study, risk of spinal hematoma follow-
ing lumbar puncture was 0.20% among patients without co-
agulopathy and 0.23% among those with coagulopathy. Al-
though these findings may inform decision-making about
lumbar puncture by describing rates in this sample, the ob-
served rates may reflect bias due to physicians selecting rela-
tively low-risk patients for lumbar puncture.
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