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Abstract

Background Spinal epidural hematoma and abscess are

rare complications of neuraxial anesthesia but can cause

severe neurologic deficits. The incidence of these

complications vary widely in existing studies and the risk

factors remain uncertain. We estimated the incidence of

these complications and explored associations using a

national inpatient database in Japan.

Methods Using Japanese Diagnosis Procedure

Combination data on surgical inpatients who underwent

neuraxial anesthesia from July 2010 to March 2017, we

identified patients with spinal epidural hematoma and/or

abscess. We investigated age, sex, Charlson comorbidity

index, antithrombotic therapy, type of surgery, admission,

and hospital for association with these complications. The

incidences of spinal epidural hematoma and abscess were

estimated separately, and a nested case-control study was

performed to examine factors associated with these

complications.

Results We identified 139 patients with spinal epidural

hematoma and/or abscess among 3,833,620 surgical

patients undergoing neuraxial anesthesia. The incidences

of spinal epidural hematoma and abscess were 27 (95%

confidence interval [CI], 22 to 32) and 10 (7 to 13) per one

million patients, respectively. Spinal anesthesia was

associated with significantly fewer complications

compared with epidural or combined spinal epidural

anesthesia (odds ratio, 0.15; 95% CI, 0.08 to 0.32).

Antiplatelet agent (odds ratio, 0.49; 95% CI, 0.06 to 3.91)

and anticoagulants (odds ratio, 1.65; 95% CI, 0.95 to 2.85)

were not significantly associated with these complications.

Conclusions This analysis identified the incidences of

spinal epidural hematoma and/or abscess after neuraxial

anesthesia. Additional large-scale studies are warranted to

examine the incidences and factors associated with these

complications.

Résumé

Contexte Les hématomes et abcès périduraux sont des

complications rares de l’anesthésie neuraxiale qui peuvent

toutefois provoquer des atteintes neurologiques graves.

L’incidence de ces complications est très variable dans les

études existantes et les facteurs de risque demeurent

incertains. Nous avons estimé l’incidence de ces

complications et exploré les associations en analysant

une base de données nationale des patients hospitalisés au

Japon.

Méthode En nous fondant sur la base de données

japonaise Diagnosis Procedure Combination (DPC – un

système de paiement des soins de santé uniformisé) de

juillet 2010 et mars 2017, nous avons identifié les patients
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chirurgicaux hospitalisés ayant reçu une anesthésie

neuraxiale et ayant souffert d’un hématome et/ou d’un

abcès péridural. Nous avons examiné l’âge, le sexe,

l’indice de comorbidité de Charlson, le traitement

antithrombotique, le type de chirurgie, l’admission et

l’établissement pour déterminer si ces facteurs étaient

associés à ces complications. Les incidences d’hématomes

et d’abcès périduraux rachidiens ont été séparément

estimées, et une étude cas témoins imbriquée a été

réalisée pour examiner les facteurs associés à ces

complications.

Résultats Nous avons identifié 139 patients ayant souffert

d’un hématome et/ou d’un abcès péridural parmi les

3 833 620 patients chirurgicaux ayant reçu une anesthésie

neuraxiale. Les incidences d’hématome et d’abcès

périduraux rachidiens étaient de 27 (intervalle de

confiance [IC] 95 %, 22 à 32) et 10 (7 à 13) par million

de patients, respectivement. La rachianesthésie était

associée à un nombre significativement plus faible de

complications comparativement à une anesthésie

péridurale ou péridurale rachidienne combinée (rapport

de cotes, 0,15; IC 95 %, 0,08 à 0,32). Aucune association

significative n’a été observée entre les agents

antiplaquettaires (rapport de cotes, 0,49; IC 95 %, 0,06

à 3,91) ou les anticoagulants (rapport de cotes, 1,65; IC 95

%, 0,95 à 2,85) et ces complications.

Conclusion Cette analyse a identifié les incidences

d’hématome et/ou d’abcès péridural après une anesthésie

neuraxiale. Des études supplémentaires de grande

envergure sont nécessaires pour examiner les incidences

et les facteurs associés à ces complications.

Keywords neuraxial anesthesia �
spinal epidural hematoma � spinal epidural abscess

Spinal epidural hematoma and spinal epidural abscess after

neuraxial anesthesia are rare but severe complications.

Expanded hemorrhage and abscess in the spinal canal may

lead to permanent paraplegia from spinal cord ischemia

and infarction.

Reports of the incidences of spinal epidural hematoma

after neuraxial anesthesia vary widely in existing studies.

Based on previous studies, the estimated incidence of

spinal epidural hematoma is approximately one per

220,000 cases of spinal anesthesia (SA) and one per

150,000 cases of epidural anesthesia (EA) among patients

who did not receive thromboprophylaxis.1–3 A multicentre

study conducted in Sweden from 1990 to 1999 showed that

spinal epidural hematoma and abscess occurred,

respectively, in 33 and 13 of approximately 1,710,000

patients (1,260,000 SA and 450,000 EA or combined spinal

epidural anesthesia [CSEA]) and in two and one of 255,000

obstetric patients (200,000 EA or CSEA for pain relief

during labour, 5,000 EA and 50,000 SA for Cesarean

deliveries) and that spinal epidural hematoma occurred in

one of 3,600 older female patients undergoing knee

arthroplasty with EA.4 A study based on patient

insurance claims from 1987 to 1993 in Finland found

that spinal epidural hematoma and abscess occurred,

respectively, in five and two of 720,000 patients (550,000

SA and 170,000 EA).5 Anesthesia and clinical practice

evolve over time, and it is therefore essential to know the

recent trends in these severe complications after neuraxial

anesthesia.

Anesthesiologists must make careful decisions regarding

whether to perform neuraxial anesthesia, considering its

benefits and risks. In this context, it is important to know

the risk factors for spinal epidural hematoma and spinal

epidural abscess, which can help anesthesiologists to

perform neuraxial anesthesia safely and to avoid

complications. Nevertheless, such information has been

lacking.

In the present study, using a national inpatient database

in Japan, we examined the incidences of spinal epidural

hematoma and spinal epidural abscess after neuraxial

anesthesia, as well as the potential risk factors for these

complications.

Methods

This study was exempted from obtaining informed consent

because of the anonymous nature of the data. Study

approval was obtained from the Institutional Review Board

at the University of Tokyo (20 October 2011).

Data source

Inpatient data were extracted from the Japanese Diagnosis

Procedure Combination (DPC) database. The details of the

DPC database have been described elsewhere.6 Briefly, the

DPC database includes data on approximately seven

million inpatients per year from over 1,000 hospitals,

representing approximately 50% of all inpatient admissions

to acute care hospitals in Japan.7 The DPC database

contains administrative claims data and the following

detailed patient data: age; sex; body mass index; diagnoses,

comorbidities at admission, and complications after

admission recorded as text data in Japanese and coded

using International Classification of Diseases and Related

Health Problems, 10th Revision (ICD-10) codes; surgical

procedures coded using the original Japanese codes; drugs

used during hospitalization; length of stay; Barthel index;

and discharge status.
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The Charlson comorbidity index was calculated for each

patient, based on the ICD-10 diagnosis codes. The

Charlson comorbidity index is widely used as a validated

measure to predict in-hospital morbidity and mortality.8

The Barthel index measures the extent to which a person

can function independently and has mobility in their

activities of daily living, which include feeding, bathing,

grooming, dressing, bowel control, bladder control, using

the toilet, chair transfer, ambulation, and stair climbing.

The items assessing bathing and grooming are scored 0 or

5. Feeding, dressing, bowel control, bladder control, using

the toilet, and stair climbing are scored 0, 5, or 10. The

items regarding chair transfer and ambulation are scored 0,

5, 10, or 15. The total Barthel index is a cumulative score

of the ten items, with a maximum score of 100

corresponding to complete independence and a minimum

score of 0 corresponding to total dependence. We

categorized the Barthel index score as 0–40, 45–95, or

100, indicating total or severe dependence, moderate

dependence, and independence, respectively.

All data for each patient are recorded at discharge. To

optimize the accuracy of the recorded diagnoses, the

physicians in charge are obliged to record the diagnoses

with reference to medical charts. Licensed medical

information managers and trained medical clerks

accurately record the dates of all major and minor

procedures and of the drugs and devices used. Because

the entry of accurate data are mandatory for reimbursement

of medical fees, hospitals have a strong incentive to

comply with these rules.7

Data extraction

From the DPC database, we obtained records on all patients

undergoing neuraxial anesthesia, including SA, EA, and

CSEA, during hospitalization from 1 July 2010 to 31

March 2017. Our study was based on the secondary use of

routinely collected clinical data, and we used a fixed,

available sample. We identified only patients who

underwent surgical procedures to investigate

postoperative complications.

We extracted information on age; sex; length of stay;

surgical procedures with neuraxial anesthesia; use of

anticoagulant agents including unfractionated heparin,

low molecular weight heparin, warfarin, anti-factor Xa

agents, and direct thrombin inhibitors; use of antiplatelet

agents including thienopyridines and other drugs

(cilostazol, dipyridamole, beraprost, limaprost,

sarpogrelate, and trapidil); use of nonsteroidal anti-

inflammatory drugs (NSAIDs); comorbidities at

admission; type of admission (emergency or elective);

type of hospital (academic or non-academic); Barthel index

at discharge; and discharge status. NSAIDs included

aspirin and other NSAIDs (sodium salicylate, mefenemic

acid, flufenamic acid aluminum, diclofenac sodium,

amfenac sodium hydrate, indometacin, indometacin

farnesil, acemetacin, proglumetacin maleate, sulindac,

mofezolac, etodolac, nabumetone, ibuprofen, flurbiprofen,

flurbiprofen axetil, ketoprofen, naproxen, pranoprofen,

tiaprofenic acid, oxaprozin, loxoprofen sodium hydrate,

zaltoprofen, piroxicam, ampiroxicam, lornoxicam,

meloxicam, celecoxib, tiaramide hydrochloride, epirizol,

and emorfazone).

Surgical procedures were categorized into (i)

gastrocolic, hepatobiliary, and pancreatic surgery; (ii)

thoracic surgery (lung, esophagus, and breast surgery);

(iii) vascular surgery (thoracic, abdominal, and peripheral

vascular surgery); (iv) obstetric surgery; (v) gynecological

surgery; (vi) orthopedic surgery; (vii) urological surgery;

and (viii) plastic surgery. Obstetric surgery included all

surgeries related to pregnancy except for labour analgesia

(e.g., Cesarean delivery, abortion, ectopic pregnancy

surgery, circumferential suture of cervix, and uterine

rupture surgery).

We excluded patients less than 20 yr of age because a

previous study showed no spinal epidural hematoma and

only one spinal epidural abscess following more than

100,000 cases of regional anesthesia in children.9 Patients

undergoing multiple surgical procedures with neuraxial

anesthesia were excluded because the DPC database lacks

information on the timing of the occurrence of spinal

epidural hematoma and/or abscess. We therefore could not

identify after which type of anesthesia spinal epidural

hematoma and/or abscess occurred during the same

admission.

Spinal epidural hematoma and abscess

We searched for patients with recorded diagnoses of

comorbidities after admission that included both

‘‘epidural’’ and ‘‘hematoma’’ in the textual data. Of the

identified patients, we included those who also had

‘‘lumbar,’’ ‘‘thoracic,’’ or ‘‘spinal’’ in the diagnosis. We

excluded patients with ‘‘cervical’’ or ‘‘intracranial’’ in their

diagnosis. We did not use ICD-10 codes to identify spinal

epidural hematoma because the codes corresponding to

spinal epidural hematoma include other diseases; for

example, T093 includes spinal shock, spinal cord

contusion, and spinal cord trauma in addition to spinal

epidural hematoma. We identified patients with spinal

epidural abscess using ICD-10 codes G061 (intraspinal

abscess and granuloma) and G062 (extradural and subdural

abscess, unspecified) in complications after admission. We

also searched for spinal epidural abscess using the phrase

‘‘epidural abscess’’ (koumakugai-nouyou in Japanese) in

the patients’ comorbidities after admission. We then
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excluded patients with cervical epidural abscess or

intraspinal granuloma using the terms ‘‘cervical’’ (keibu

in Japanese) and ‘‘granuloma’’ (nikugesyu in Japanese).

Patients with both spinal epidural hematoma and abscess

were identified when patients diagnosed with spinal

hematoma had spinal epidural abscess. Two researchers

performed these search procedures and obtained the same

results.

We could not identify the accurate date of

administration or cessation of NSAIDs or antithrombotic

medications (antiplatelet agents and anticoagulants).

Therefore, we examined the prescription of these

medications within one week before and one week after

the surgical procedure as variables associated with spinal

epidural hematoma and/or abscess. We examined the

number of patients with spinal epidural hematoma

requiring decompressive laminectomy within five days

after neuraxial anesthesia.

Statistical analysis

Data on patient characteristics, type of hospital, and

surgical procedures are summarized as numbers and

percentages by type of anesthesia. A Chi squared test

was used to compare the incidences of spinal epidural

hematoma and/or abscess in different years.

We conducted a nested case-control study with a

conditional univariable logistic regression model to

examine the associations of neuraxial complications with

Charlson comorbidity index, type of admission, type of

neuraxial anesthesia, type of surgical procedure, use of

NSAIDs, and use of antithrombotic medications. For each

case, we randomly selected five controls matched with

similar age (± five years) and the same sex from the same

hospital in the same year. P values\0.05 were considered

statistically significant. All of the analyses were conducted

using SPSS, Version 25.0 (Chicago, IL, USA) and Stata/

MP 15.0 (Stata Corp., College Station, TX, USA).

Results

During the study period, 4,096,238 patients who underwent

neuraxial anesthesia for the purpose of surgical analgesia

were identified. After excluding patients aged under 20 yr

(n = 111,179) and those who underwent multiple surgical

procedures with neuraxial anesthesia (n = 262,618),

3,833,620 eligible patients remained.

Overall, 103 patients with spinal epidural hematoma and

37 patients with spinal epidural abscess were identified.

One patient suffered from both spinal epidural hematoma

and abscess; therefore, the number of patients with spinal

hematoma and/or abscess was 139. The incidence of spinal

epidural hematoma and abscess were 27 events per one

million cases (95% confidence interval [CI], 22 to 32) and

ten events per one million (95% CI, 7.0 to 13.0) cases of

neuraxial anesthesia, respectively. The Figure shows no

significant difference in the incidence by year (P = 0.49).

A total of 26 patients (25.2%) with spinal epidural

hematoma received decompressive laminectomy within

five days after the surgical procedure. Table 1 summarizes

the studies describing incidence of spinal epidural

hematoma and abscess following neuraxial anesthesia.

Table 2 shows patient characteristics, type of hospital, and

surgical procedures.

Table 3 shows the results of the conditional univariable

logistic regression analysis within the nested case-control

data. We identified 675 patients in the control group who

were matched with 139 cases. Spinal anesthesia was

associated with significantly fewer occurrences of spinal

epidural hematoma and/or abscess compared with EA or

CSEA (odds ratio, 0.15; 95% CI, 0.08 to 0.32). Use of

Figure Incidence of spinal

epidural hematoma and/or

abscess in 2010–2016
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antiplatelet agents (odds ratio, 0.49; 95% CI, 0.06 to 3.91)

and anticoagulants (odds ratio, 1.65; 95% CI, 0.95 to 2.85)

were not significantly associated with the occurrence of

spinal epidural hematoma and/or abscess.

Table 4 shows the Barthel index at discharge and the

discharge status of patients with spinal epidural hematoma

and/or abscess. Eighty-three patients (59.7%) with Barthel

index scores of 100 and 103 patients (74.1%) were

discharged home.

Discussion

In the current study using the Japanese DPC database, the

estimated incidences of spinal epidural hematoma and

spinal epidural abscess related to neuraxial anesthesia were

27 events (95% CI, 22 to 32) per one million and ten (95%

CI, 7.0 to 13.0) per one million, respectively. This study

also found that patients who underwent SA were less likely

to suffer from spinal epidural hematoma and/or abscess

compared with those who underwent EA or CSEA. Use of

antithrombotic drugs was not significantly associated with

these complications. These findings were comparable to

those in previous studies.4,5,10–23

The incidences of spinal epidural hematoma and/or

abscess are affected by the methods of identifying patients

with these complications (numerator data) and the size of

whole population (denominator data). We believe that the

denominator data in the present study are accurate and

reliable because a previous validation study of the DPC

database used in this study showed high sensitivity and

specificity of the records of procedures in the DPC

database.6 For the numerator data, we identified spinal

epidural hematoma and/or abscess using both the Japanese

text and ICD-10 codes; therefore, our results are more valid

than those obtained using only the ICD-10 codes. This

study also had a large number of patients, which allowed us

to identify a sufficient number of patients with these rare

complications.

Previous studies have suggested that the increased

incidences of spinal epidural hematoma and/or abscess

were possibly due to population aging and advancements in

diagnostic imaging technology.3 A previous review of the

literature from 1906 to 1994 reported 61 cases of spinal

epidural hematoma associated with neuraxial anesthesia, of

which 53 patients had either hemostatic abnormality or

difficulty in needle placement.2 In the 2000s, Cook et al.

reported that spinal epidural hematoma and abscess leading

Table 3 Univariable conditional logistic regression analyses for spinal epidural hematoma and/or abscess in the nested case-control study

Characteristics Odds ratio

(95% confidence interval)

P value

Charlson comorbidity index

0 Ref

1–2 1.12 (0.69 to 1.80) 0.65

C 3 1.64 (0.91 to 2.96) 0.10

Type of admission, n (%)

Emergency admission 0.85 (0.52 to 1.39) 0.51

Type of neuraxial anesthesia, n (%)

Spinal anesthesia 0.15 (0.08 to 0.32) \ 0.001

Epidural anesthesia or combined spinal and epidural anesthesia Ref

Type of surgical procedures, n (%)

Gastrocolic, hepatobiliary, and pancreatic surgery 1.43 (0.94 to 2.16) 0.09

Thoracic surgery 0.77 (0.40 to 1.48) 0.44

Vascular surgery 3.30 (1.04 to 10.51) 0.04

Obstetric surgery 1.27 (0.44 to 3.70) 0.66

Gynecological surgery 1.27 (0.63 to 2.57) 0.50

Orthopedic surgery 0.68 (0.36 to 1.28) 0.23

Urological surgery 0.50 (0.25 to 1.01) 0.06

Plastic surgery 0.56 (0.07 to 4.39) 0.58

Antithrombotic medications

Nonsteroidal anti-inflammatory drugs 0.80 (0.53 to 1.19) 0.27

Antiplatelet agents 0.49 (0.06 to 3.91) 0.50

Anticoagulants 1.65 (0.95 to 2.85) 0.08

Ref = reference.
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to permanent harm or death occurred in five of 97,925

surgical patients (one per 19,585 patients) after EA and six

of 312,450 surgical patients (one per 52,075 patients) after

central neuraxial block (EA, SA, CSEA, or caudal block),

using the British national census.21 Another multicentre

study, conducted in 2013, reported that seven of 62,450

(one per 8,921 cases) patients undergoing perioperative

epidural catheterization developed spinal epidural

hematoma.11 A retrospective cohort study conducted

from 1954 to 2008 with a Chinese population reported

the total number of spinal epidural hematoma cases to be

three of 140,221 (one per 46,740 patients) after neuraxial

anesthesia.22 These studies may have underestimated the

true incidences of spinal epidural hematoma and abscess

because the samples or studied populations were small.

In contrast, Rosero et al. reported that the numbers

(incidences) of spinal epidural hematoma and abscess after

EA were 256 (18.5 per 100,000) and 99 (7.2 per 100,000),

respectively, of a total of 1,382,805 non-obstetric patients.

The numbers (incidences) of spinal epidural hematoma and

abscess were 15 (0.6 per 100,000) and 0, respectively, of a

total of 2,320,950 obstetric patients.10 The studied patient

population size in this previous study (n = 3,703,755) was

similar to that in the present study. We did not calculate the

incidences of these complications in obstetric (e.g.,

Cesarean delivery) and non-obstetric patients separately.

Nevertheless, even if we calculated the incidence in non-

obstetric patients, the estimated incidence would be lower

than those in this previous study. This difference may be

attributable to differences in patient characteristics between

the two studies; the previous study focused on both surgical

and non-surgical patients undergoing EA, whereas we

analyzed only surgical patients undergoing neuraxial

anesthesia. Practice patterns regarding antithrombotic

agents may also have differed between the two studies.

The present guidelines for regional anesthesia

recommend perioperative cessation of NSAIDs and

antithrombotic medications.3,24–26 Nevertheless, these

guidelines are based on limited clinical evidence from

only case series studies and expert opinions. Compliance

with the guidelines may vary across different countries; our

results showed that approximately two-thirds of patients

used NSAIDs during the perioperative period. Our study

did not show a significant association between

perioperative use of antithrombotic agents and the

occurrence of spinal epidural hematoma or abscess. This

may be due to a lack of statistical power because of the

small numbers of patients who used perioperative

antithrombotic agents.

A previous study using the American Society of

Anesthesiologists Closed Claims Database in the 1980s

and 1990s showed that more than half of 36 patients with

spinal epidural hematoma underwent vascular surgery.27

We could not compare our results with those of this

previous study because the previous study did not examine

the incidence of spinal epidural hematoma and abscess;

however, our findings showed the highest number of

patients with these complications among those who

underwent gastrocolic, hepatobiliary, or pancreatic

surgical procedures. Of vascular surgical patients, only

five experienced these complications.

The present study has several limitations. First, recorded

diagnoses may have lower sensitivity compared with those

in chart reviews. A previous validation study of the DPC

database used in this study showed moderate sensitivity

and high specificity of the recorded diagnoses of several

common diseases, including malignant tumour, cardiac

diseases, stroke, and renal diseases.6 Nevertheless, we

believe that validation studies for rare diseases are

generally impossible; therefore, the validity of the

diagnoses of spinal epidural hematoma and abscess

remain uncertain in this study. Second, the DPC database

does not include cases for which lawsuits were filed

because the healthcare costs for such cases are not

reimbursed by universal health insurance in Japan.

Nevertheless, according to the website of the Supreme

Court of Japan,28 of 5,778 malpractice suits (judgements/

settlements) from 2011 to 2017 across Japan, only 44 cases

were related to anesthesia. We therefore believe that the

number of legal cases related to spinal epidural hematoma

and/or abscess was extremely small and that our findings

would not be changed by their inclusion in the study. Third,

information was not available on several factors that were

potentially associated with the complications, including

underlying hemostatic abnormalities, difficulty during

needle or catheter placement (due to spinal anatomic

abnormalities or skill differences among anesthesiologists),

specific details of anticoagulant administration, timing of

Table 4 Postoperative status of patients with spinal epidural

hematoma and/or abscess

Spinal epidural

hematoma and/or

abscess n (%)

Total 139

Barthel index at discharge

100 83 (59.7)

45–95 19 (13.7)

0–40 20 (14.4)

Missing 17 (12.2)

Discharge status

Discharged to home 103 (74.1)

Transferred to other hospital 27 (19.4)

Discharged to other healthcare facility 5 (3.6)

Death 4 (2.9)
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spinal epidural hematoma and/or abscess occurrence, and

incidence of permanent neurologic sequelae. Finally, the

DPC database included approximately 50% of all inpatient

data for acute care hospitals in Japan, but the participation

of community hospitals in the DPC database was

voluntary. This may have restricted the population

representativeness of the study; because of this selection

bias, selected patients may have had higher risks compared

with the entire population.

In conclusion, this retrospective observational study

using a large-scale national database revealed the

incidences of spinal epidural hematoma and abscess. The

incidences of these complications were extremely low, so

we could not identify factors associated with these

complications. Additional large-scale studies are

warranted to examine associated factors.
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