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Abstract

Objective Bone marrow biopsy complications are rare. Our aim is to study the association of improper palpation-guided
iliac biopsy tract with complications.

Materials and methods This is a retrospective study of adult patients who underwent iliac bone marrow biopsy without
image guidance at our hospital from January 2019 to January 2021, and have cross-sectional radiologic imaging of the pelvis
within 30 days following the procedure. Electronic health records were reviewed for clinical data. Two radiologists reviewed
images of the pelvis for assessment of biopsy tract and complications.

Results A total of 443 procedures were included in 309 patients, mean age 53.4 + 18.1 years, 112 females (36.2%). In addi-
tion, 332 tracts were proper (75%), 97 improper (22%), and 14 unidentified (3%). All 11 complications occurred in procedures
with improper tracts; nine bleeding, one fracture, and one facet joint injury. Improper tract was significantly associated with
complications (p <.001). There was no statistically significant association between platelet count, international normalized
ratio, antiplatelet use and anticoagulant use, and presence of complications (p >.05). Body mass index and subcutaneous fat
thickness overlying posterior superior iliac spine were not associated with improper tract (p >.05). Procedures performed
by providers with <12 months’ experience were significantly associated with improper tract (p <.001) and hence associated
with complications (p =.007).

Conclusion Improper tracts were common in palpation-guided iliac bone marrow biopsy and significantly associated
with complications. No complications were encountered in proper tract procedures. Procedures performed by providers
with <12 months’ experience were significantly associated with improper tract and complications.

Keywords Bone marrow biopsy - latrogenic complication - Hematology - Musculoskeletal radiology - Interventional
radiology

Introduction multiple case reports of major bleeding complications from

internal iliac artery or gluteal artery injuries [6-9]. The pro-

Bone marrow biopsy is a commonly performed, minimally
invasive procedure [1, 2]. Bone marrow biopsy is essential
for diagnosis, staging, and follow-up of various malignant
and benign hematologic disorders and metastatic disease to
the bone marrow [1, 2]. Complications are very rare with
a reported incidence of 0.05-0.12% [3-5]. Bleeding is the
most common complication followed by infection, nee-
dle retainment, and osteoporotic fracture [1-5]. There are
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posed factors associated with increased risk of complications
are myeloproliferative disorders, thrombocytopenia, aspirin
use, warfarin use, and disseminated intravascular coagula-
tion [1-5]. Posterior superior iliac spine (PSIS) is the most
common site of palpation-guided bone marrow biopsy
sampling [1, 2]. Biopsy of PSIS is safe because the biopsy
needle traverses through the skin and subcutaneous fat and
avoids muscles and neurovascular structures. Therefore,
complications, apart from minimal subcutaneous hematoma,
are unexpected in a proper biopsy tract. The biopsy tract
and trajectory can be visualized and assessed on subsequent
cross-sectional imaging for proper location of the biopsy
in PSIS or improper locations passing through the pelvic
muscles and potentially may lead to injury to the vessels
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and nerves. In the present study, our aim is to investigate the
association of improper palpation-guided iliac bone marrow
biopsy tract with complications. As improper tract could be
a modifiable factor, resultant complications are potentially
avoidable.

Materials and methods

This is a retrospective study of patients who underwent pal-
pation-guided bone marrow biopsy at our medical center
from 1 January 2019 to 31 January 2021. This study was
approved by the institutional review board (IRB). The
informed consent waiver was granted by IRB. The data was
retrieved using iliac bone marrow biopsy procedure code
in patients aged 18 years and older from electronic health
records. All patients aged 18 years and older who underwent
iliac bone marrow biopsy during the study period and have
cross-sectional imaging of the pelvis within 30 days fol-
lowing the procedure were included. All procedures were
performed without imaging guidance and using palpation
to detect the location of PSIS. The biopsies were performed
using an 11-gauge Jamshidi needle. Patients who lack cross-
sectional imaging of the pelvis within 30 days following the
procedure were excluded. Cross-sectional imaging of the
pelvis includes computed tomography (CT), magnetic reso-
nance imaging (MRI), and positron emission tomography/
computed tomography (PET/CT).

Electronic health data of the patients were reviewed for
age, sex, weight, height, body mass index (BMI), primary
hematologic or oncologic disorder, antiplatelet and anti-
coagulation medications, and report of any complications
30 days following the procedure. Post-procedure notes
were reviewed to confirm laterality of the iliac bone mar-
row biopsy site and any documented post-procedure compli-
cations. Experience of the performing health care provider
was documented at the time of the procedure and divided

Fig.1 Axial cross-section
illustration at the level of the
posterior superior iliac spine
showing proper iliac bone
marrow biopsy tracts. A proper
biopsy tract passes only through
the subcutaneous fat and avoids
muscles, vessels, nerves, and
joints

Psoas muscle

lliacus muscle

Gluteus medius muscle
Subcutaneous fat

Gluteus maximus muscle

into < 12 months or > 12 months. Results of the biopsy were
reviewed if they were diagnostic or non-diagnostic.

Two radiologists reviewed radiologic images of the pel-
vis for assessment of biopsy tract and complications. The
readers were a musculoskeletal radiologist with 14 years of
experience and an interventional radiologist with 8 years of
experience. A proper biopsy tract was identified as a tract
in the PSIS limited to the iliac bone without violation of
the anterior bone cortex (Fig. 1). Improper biopsy tracts
were categorized as lateral, sacral, sacroiliac, high, or low.
A lateral tract was identified as a tract with an entry site to
the iliac bone 2 cm lateral to the lateral margin of the PSIS
(Fig. 2). A sacral tract was identified as a tract within the
sacral bones (Fig. 3). A sacroiliac tract was identified as
a tract violating the sacroiliac joint with the biopsy tract
visualized on both sides of the joint (Fig. 4). A low tract
was identified as a tract in the posterior iliac bone below
the PSIS and passage through the gluteus maximus mus-
cle (Fig. 5). A high tract was identified as a tract above the
pelvis and biopsy of the lumbar vertebrae bones (Fig. 6). In
case of violation of the anterior bone cortex, the tract was
also regarded as deep. Thickness of subcutaneous fat overly-
ing the posterior superior iliac spine (PSIS) was measured.

In cases with complications, the main presenting symp-
tom, duration following the procedure, and management
were documented. Complications were graded according
to the Clavien—Dindo Complication Classification system
[10]: grade I—any deviation from the normal postoperative
course without the need for pharmacological treatment or
surgical, endoscopic, and radiological interventions (allowed
therapeutic regimens are drugs as antiemetics, antipyretics,
analgesics, diuretics, electrolytes, and physiotherapy); grade
II—requiring pharmacological treatment with drugs other
than such allowed for grade I complications (blood transfu-
sion is included); grade IlI—requiring surgical, endoscopic,
or radiological intervention; grade IV—Iife-threatening
complication requiring intensive care management; grade
V—death of a patient.
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Fig.2 Axial cross-section
illustration at the level of the
posterior superior iliac spine
showing improper lateral tracts.
A lateral tract passes throgh the
gluteal muscles and may lead
to injury to the superior gulteal
artery branches. A deep lateral
tract passes through the iliacus
muscle
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Psoas muscle

lliacus muscle

Subcutaneous fat
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Fig.3 Axial cross-section
illustration at the level of the
posterior superior iliac spine
showing improper sacral tracts.
A sacral tract passes through
the posterior paraspinal muscles
and may pass through the sacral
neural formina and sacral canal.
A deep sacral tract may lead to

injury to the major pelvic arter-
S1 nerve
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Fig.4 Axial cross-section illus-
tration at the level of the poste-
rior superior iliac spine showing
improper sacroiliac tracts. This
tract violates the sacroiliac joint.
A deep sacroiliac tract may lead
to injury to the internal iliac and
iliolumbar arteries
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Descriptive analysis was done using numbers and
percentages for categorical variables and means,
standard deviations, and minimum maximum for
continuous variables. Descriptive analysis was also
done for bracketing of categorical variables. In the
bivariate analysis, Pearson ;(2 test was used for two
categorical variables and Student ¢ test for independent

Gluteus maximus muscle

Biopsy device

samples was used to compare means between two
groups with continuous variables. Significant level
was set at 0.05. Simple and multiple binary logistic
regressions were not performed because all cases with
complications had improper tract. Statistical analysis
was performed using Statistical Package for the Social
Sciences (SPSS).
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Fig.5 Axial cross-section
illustration at the level of the
posterior inferior iliac bone
showing improper low tracts.
A low tract passes through the
gluteus maximus muscle and
may injure the superior gluteal
arteries. A deep low tract may
injure the internal iliac artery
and piriformis muscle
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Fig.6 Axial cross-section
illustration at the level of L4-L5
facet joint showing improper
high tracts. A high tract passes
through the paraspinal muscles,
may violate the facet joints or
intervertebral discs, and may
injury the exiting nerves and
lumbar arteries
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Results

Initially, 1357 procedures were collected in 716 patients.
Due to lack of cross-sectional imaging within 30 days
following the procedure, 914 procedures were excluded.
A total of 443 procedures were included in 309 patients
(Fig. 7). The age of the patients ranges from 18 to
92 years, with mean of 53.4 and standard deviation of
18.1 (Table 1). There were 112 female (36.2%) and 197
male (63.8%) patients.

The included patients were 127 cases of lymphoma,
60 leukemia, 51 multiple myeloma, 21 myelodysplastic
syndrome, 15 metastatic carcinoma, and 35 other different
hematologic disorders.

The minimum, maximum, mean, and standard devia-
tions of patients’ height, weight, BMI, subcutaneous fat
thickness overlying PSIS, platelet count, prothrombin
time (PT), partial thromboplastin time (PTT), and inter-
national normalized ratio (INR) are shown in Table 1. At
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the time of the procedure, 79 patients were taking sin-
gle antiplatelet medication, 10 taking dual antiplatelet.
Forty-two patients were on anticoagulants at the time of
the procedure.

Of the 443 tracts, 332 tracts were regarded as proper
(75%) and 97 as improper (22%). Fourteen tracts could not
be identified (3%) (Figs. 7 and 8). Improper tracts include
44 lateral, 26 sacroiliac, 15 sacral, 11 low, and 1 high tracts.
Nineteen of the improper tracts were also deep.

Cross-sectional imaging of the pelvis was performed due
to symptoms related to procedure complications in 9 pro-
cedures and for other unrelated indications in 434 proce-
dures. Only 18 biopsy results were non-diagnostic (4.1%);
the remaining 425 were diagnostic (95.9%).

There were 11 complications observed; nine bleeding
complications, one fracture, and one facet joint injury. Nine
cases were symptomatic and two were found incidentally.
Eight of the eleven complications were mild complications
managed conservatively with no need for blood transfu-
sion (grade I according to Clavien—-Dindo Complication
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Fig.7 Flow chart of the study

1357 procedures in 716
patients

914 procedures were
excluded due to lack of
imaging

443 procedures in 309
patients

332 proper tracts (75%)

| |

97 improper tracts 14 unidentified tracts
(22%) (3%)

No complication

11 complications No complication

Table 1 Characteristics of the patients

Variable Minimum  Maximum Mean SD

Age 18 92 53.4 18.1
Weight 38 181 74.6 18.1
Height 146 191 167.6 9.1
BMI 15.6 55.2 26.5 5.6
SCF thickness 4 66 27.9 11.3
Platelet count 5600 656,000 153,799.7  125,740.3
PTT 16.6 87.6 32 7.9
PT 10.4 44.7 14.3 33
INR 0.9 3.8 1.2 0.3

Units: weight in kilograms, height in centimeters, BMI in kilograms/
meters squared, SCF thickness in millimeters, platelet count per cubic
millimeter, PT and PTT in seconds

BMI body mass index, INR international normalized ratio, PT pro-
thrombin time, PTT partial thromboplastin time, SCF subcutaneous
fat, SD standard deviation

— 8 Grade | complications

3 Grade Il camplications
L—{ requiring endovascular
embolization

Classification system). There were three bleeding compli-
cations requiring endovascular embolization (grade III).
Two cases required blood transfusion. Complications were
detected on imaging during the same day of the procedure in
four cases, and delayed presentation in seven cases ranging
from 3 to 21 days following the procedure (Table 2).

All complications occurred in procedures with an
improper tract. Complication rate in procedures with
improper tracts was 11.3%. The Pearson y? test was per-
formed for analysis of categorical variables associated with
presence or absence of complications. There was no statis-
tically significant difference in presence of complications
between the following categorical variables: males and
females (p=0.5); BMI <30 and > 30 kg/m2 (»p=0.27); sub-
cutaneous fat thickness < 30 and > 30 mm (p =0.44); platelet
count < 50,000 and > 50,000 per cubic centimeter (p=0.08);
INR<1.5 and> 1.5 (p=0.37); and using no antiplatelet or
anticoagulant, only antiplatelet, only anticoagulant, and both
antiplatelet and anticoagulant (p =0.12). However, there was
a statistically significant association between proper and
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Fig.8 Axial CT image (a) of
an 18-year-old female shows

a proper left iliac tract (black
arrow in a) with no complica-
tions. Axial CT image (b) of a
40-year-old male taken hours
after right iliac bone marrow
biopsy shows expected pockets
of gas in the subcutaneous fat
(black arrow in b) but the tract
could not be visualized. Axial
CT image (c) of a 42-year-old
female shows an improper deep
sacral biopsy tract (black arrow
in ¢) noting that left internal
iliac vessels are in the trajec-
tory of the biopsy tract but no
complications. Axial CT image
(d) of a 33-year-old male shows
an improper lateral and deep
tract in the left iliac crest (black
arrow in d) with no complica-
tions

improper tract and presence of complications (p <0.001)
(Table 3).

There were 10 complications in the 224 procedures per-
formed by healthcare providers with experience < 12 months.
In contrast, there was only one complication in the 219 pro-
cedures performed by providers with more than 12 months’
experience. Therefore, there was significant difference in
incidence of complications between procedures performed
by providers with <12 months’ experience and > 12 months’
experience (p =0.007) (Table 3).

Student ¢ test was performed for comparison of the mean
of continuous variables in procedures with complication and
with no complications. There was a statistically significant
difference in age of patients with complications in compari-
son to those without complications (p =0.01). The mean
age of patients with complications was 66.2 + 12.3 years
and the mean age of cases with no complications was
52.1+18.4 years (Table 4). There was no statistically sig-
nificant difference in mean of BMI (p =0.34), subcutaneous
fat thickness (p =0.17), platelet count (p =0.13), and INR
(p=0.18) between patients with complications and patients
with no complications (Table 4).

The Pearson y” test was performed for comparison of
different categorical groups in proper and improper tracts.
There was no significant association between BMI < 30
and > 30 (p=0.55), and subcutaneous fat thickness < 30
and > 30 mm (p=0.4) in procedures with proper and
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improper tracts (Table 5). Furthermore, there was no differ-
ence in diagnostic yield between proper and improper tracts
(p=0.54) (Table 5).

The rate of improper tract in procedures performed by
providers with <12 months’ experience was 65 out of 224
(29.0%) and significantly higher than rate of improper tract
in procedures performed by providers with > 12 months’
experience (32/219; 14.6%). There was a statistically sig-
nificant difference between providers with <12 months’
experience and > 12 months’ experience in the presence of
proper and improper tract (p <0.001) (Table 5).

Discussion

Bone marrow biopsy is a commonly performed procedure
with a wide range of hematologic and oncologic indications
[1, 2]. Complications are very rare with a reported incidence
of 0.05-0.12% [3-5]. Bleeding is the most common com-
plication [1-5]. There are multiple case reports of major
bleeding complications from internal iliac artery or gluteal
artery injuries [6-9]. The proposed factors associated with
increased risk of complications are myeloproliferative disor-
ders, thrombocytopenia, aspirin use, warfarin use, and dis-
seminated intravascular coagulation [1-5]. In our study, we
aimed to investigate the association of improper palpation-
guided biopsy tract seen on imaging with complications.
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Table 2 Details of complicated cases

N Age Sex BMI SCF Tract Description Management Grade

1 8 F 281 18 Low Presented with pain day of the procedure. Conservative I
Small gluteus maximus hematoma

2 84 M 29.1 30 SI Persistent pain 21 days following procedure. ~ Conservative 1
Non-displaced posterior iliac fracture

3 56 F 21 19 Sacral,deep Pain 10 days following procedure. Small Conservative I
hematoma in the pelvis and piriformis
muscle

4 56 M 203 7 Sacral, deep Progressive abdominal pain and agitation Blood transfusion; endovascular emboliza- 11
hours following the procedure. Massive tion
retroperitoneal hemorrhage due to internal
iliac artery injury

5 49 F 19.6 24 High Persistent lower back pain 7 days following ~ Conservative I
procedure. L5-S1 facet joint injury

6 76 M 19.8 16 Lateral Small incidental gluteal and subcutaneous Conservative I
hematoma on CT performed on the same
day of the procedure

7 71 M 261 26 Lateral Increasing pain and gluteal swelling 5 days Endovascular embolization I
following the procedure. Large gluteal
hematoma with a pseudoaneurysm in a
branch of superior gluteal artery

8 55 M 245 22 Lateral Increasing gluteal swelling 3 days following ~ Conservative I
the procedure. Gluteal hematoma

9 65 M 244 12  Low, deep Persistent deep pelvic pain 13 days follow- Conservative I
ing the procedure. Small hematoma in the
piriformis muscle

10 64 M 29.1 39 Lateral,deep Small incidental gluteal hematoma on CT Conservative I
performed on the same day of the proce-
dure

11 65 M 312 39 Lateral Enlarging gluteal hematoma 7 days following Blood transfusion; endovascular emboliza- I

the procedure. Gluteal hematoma with foci tion
of active bleeding from branches of supe-

rior gluteal artery

Units: age in years, BMI in kilograms/meters squared, SCF thickness in millimeters

BMI body mass index, F' female, M male, SCF subcutaneous fat

There were 11 complications in 443 reviewed procedures
in our study. However, it is important to note that the aim
and design of the present study was not to estimate com-
plication rate. We believe that complication rate might be
overestimated in our study by only including patients hav-
ing cross-sectional imaging within 30 days following biopsy
because complication itself may be an indication for imag-
ing. Imaging was performed due to symptoms of compli-
cations in 9 procedures and for other unrelated indications
in 434 procedures. Of the 434 unrelated imaging indica-
tions, there were only 2 procedures with incidental small
hematoma complications. Single center and large number
of excluded procedures are limitations of the present study.

The majority of complications were mild (grade I) includ-
ing two incidental complications. Only three complications
required endovascular embolization (grade III) and only
two of them required blood transfusion. Seven cases had
delayed presentation ranging from 3 to 21 days following

the procedure including two major complications requiring
embolization presented on day 5 and day 7 post-procedure
[9, 11].

The results of the present study suggest that improper
tracts are common (22%) and strongly associated with the
presence of complications (p <0.001). All complications
occurred in procedures with an improper tract and the com-
plication rate in the improper tract was 11.3%.

In the proper tract, the needle will pass only through the
subcutaneous fat overlying PSIP and avoid muscles and ves-
sels apart from small subcutaneous veins (Figs. 1 and 8) [1,
2, 12]. In our study, no complications occurred in procedures
with proper tracts.

Improper biopsy tracts were categorized as lateral, sacral,
sacroiliac, high, or low. In case of violation of the anterior
bone cortex, the tract was also regarded as deep. A lateral
tract will pass through the gluteal muscles and may injure
the superior gluteal artery or its branches (Figs. 2, 8, 9, and
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Table 3 Categorical variables association with complication

Table 4 Continuous variables association with complications

Variable Complication No complication p value (Xz test) Variable Minimum Maximum Mean SD p value
Sex Age

Female 3 161 p=.5 Complication 49 87 66.2 12.3 p=.01

Male 3 271 15.6 55.2 26.5 5.7
BMI No complication 18 92 52.1 18.4

<30 10 332 p=27 BMI

>30 1 100 Complication 19.6 31.2 24.8 42 p=.34
SCF thickness No complication 15.6 55.2 26.5 5.7

<30 mm 8 264 p=44 SCF thickness

>30 mm 3 168 Complication 7 39 229 10.2 p=.14
Tract No complication 4 66 28 113

Proper 0 332 p=.001 Platelet

Improper 1 36 Complication 66,000 439,000 2098182 1049369 p=.13
Platelet count No complication 5600 656,000 152,106.9  126,049.2

<50, 000 0 81 p=.08 INR

>50, 000 11 283 Complication 0.9 1.2 1.1 0.1 p=.18
INR No complication 0.9 3.8 1.2 0.3

<15 1 176 p=.37 Units: age in years, BMI in kilograms/meters squared, SCF thickness

>15 0 13 in millimeters, platelet count per cubic millimeter
Medication BMI body mass index, INR international normalized ratio, SCF sub-

No antiplatelet or 5 317 cutaneous fat

anticoagulant

Only antiplatelet 3 76 p=.12

Only anticoagulant 2 30 These patterns of trans-muscular needle tract and vascular

Antiplatelet and 1 9 injury conform to published case reports of major bleed-

anticoagulant ing complications from internal iliac artery or gluteal artery

Performer's experience injuries [6-9, 11, 13]. Therefore, an improper biopsy tract

< 12 months 0 2 =007 puts the patient at risk of complications, especially bleeding

> 12 months 1 218

Units: BMI in kilograms/meters squared, SCF thickness in millim-
eters, platelet count per cubic millimeter

BMI body mass index, INR international normalized ratio, SCF sub-
cutaneous fat

10). Therefore, the risk of pain, hematoma, and vascular
injury increases [8]. A deep lateral tract violating the ante-
rior iliac cortex may reach the iliacus muscle.

A sacral tract will pass through the posterior paraspinal
muscles and may violate the sacral canal or sacral neu-
ral foramina (Fig. 3). A deep sacral tract may injure pel-
vic organs, especially internal iliac vessels (Fig. 11) [6, 7,
13]. A sacroiliac tract was identified as a tract violating the
sacroiliac joint (Figs. 4 and 12), although it is not clear if
sacroiliac joint violation increases the risk of pain and com-
plications [14].

A low tract traverses through the gluteus maximus muscle
and may lead to injury to the superior gluteal artery (Fig. 5).
A deep low tract may pass through the piriformis muscle
(Fig. 13) [11]. A high tract will pass through the para spi-
nal muscles with potential injury to the spinal canal, nerves
within the neural foramina, and facet joint injury (Figs. 6
and 14).

@ Springer

complications. Improper tract is potentially a modifiable fac-
tor and thus complications associated with it are potentially
avoidable.

Table 5 Categorical variables association with tract

Variable Proper tract  Improper tract ~ p value
BMI
<30 254 77 p=.55
>30 mm 78 20
SCEF thickness
<30 mm 200 63 p=.4
>30 mm 132 34
Performer’s experience
<12 months 153 65 p=0.001
> 12 months 179 32
Result
Diagnostic 317 94 p=.54
Non-diagnostic 15 3

Units: BMI in kilograms/meters squared, SCF thickness in millim-
eters

BMI body mass index, SCF subcutaneous fat
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Fig.9 Axial contrast enhanced
CT (a), volume rendered CT
(b), selective digital subtrac-
tion angiography of the right
internal iliac artery (c, d) of a
71-year-old male with enlarging
right gluteal hematoma 5 days
post—bone marrow biopsy.
There is a large right gluteal
hematoma (white asterisk)

with a pseudoaneurysm (black
arrowhead) from a branch of
the superior gluteal artery. Note
improper lateral location of the
bone marrow biopsy tract (black
arrow). Endovascular emboliza-
tion was performed using coils

(d)

Fig. 10 Axial contrast-enhanced CT (a) and selective digital subtrac-
tion angiography of the right superior gluteal artery (b) of a 65-year-
old male presented with enlarging hematoma 7 days post-biopsy.
There is an improper lateral right iliac bone marrow biopsy (black
arrow) with gluteal hematoma (white asterisk) and foci of active

An important result in our study is significant association
of experience of the healthcare provider performing the pro-
cedure with improper tract and incidence of complications.

contrast extravasation (black arrowhead) indicating active bleeding.
Patient had an undiagnosed bleeding tendency and multiple other
locations of bleeding including femoral artery puncture site bleeding.
Endovascular embolization was performed

The improper tract rate in procedures performed by providers
with <12 months’ experience was 29.0% (65/224) and sig-
nificantly higher than in procedures performed by providers
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Fig. 11 Unenhanced axial CT
(a), arterial phase contrast-
enhanced CT angiography (b),
selective digital subtraction
angiography of the right inter-
nal iliac artery (c, d) images of
a 56-year-old male who devel-
oped agitation, increasingly
severe abdominal pain after the
bone marrow biopsy. There is
massive acute retroperitoneal
hemorrhage (white asterisk).
CT angiography and digital
subtraction angiography show a
pseudoaneurysm (black arrow-
head) in the right internal iliac
artery in the trajectory of the
bone marrow biopsy tract. Note
the tract is sacral and violates
the anterior sacral cortex (black
arrow). The patient underwent
endovascular embolization of
the right internal iliac artery
using coils (d)

Fig. 12 Axial oblique T1W
MRI (a, b) of an 84-year-old
male complaining of persistent
pain 21 days post—bone marrow
biopsy shows a non-displaced
fracture in the posterior iliac
bone (black arrowhead). The
bone marrow biopsy tract is
extending from the posterior
superior iliac spine to the
sacrum through the sacroiliac
joint (black arrow)

with > 12 months’ experience (32/219; 14.6%). There was
a statistically significant difference between providers
with <12 months’ experience and > 12 months’ experience
in the presence of proper and improper tract (p <0.001)
(Table 5). Consequently, the complication rate in providers
with experience < 12 months was 4.5% (10/224) compared
to 0.5% in providers with > 12 months’ experience (1/219)
which is statistically significant (p =0.007) (Table 3). Expe-
rience was the only modifiable factor associated with the
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presence of improper tract and improper tract was the main
factor associated with occurrence of complications. This
highlights the importance of anatomic oriented training for
providers performing bone marrow biopsy and direct super-
vision of junior providers by more experienced providers.
CT or fluoroscopic guided bone marrow biopsy provides
an alternative for blind biopsy with high diagnostic yield [2,
15-20]. Image-guided biopsy is expected to always have a
proper tract and potentially avoid complications, especially
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Fig. 13 Unenhanced axial CT
images of a 65-year-old male
show an improper low and deep
right iliac biopsy tract (black
arrow) with a small hematoma
in the piriformis muscle (white
asterisk). Imaged 13 days post-
biopsy due to right hip pain

Fig. 14 Axial oblique (a), sagittal (b), and coronal (¢) CT images of a 49-year-old female with persistent lower back pain 7 days post—bone mar-
row biopsy showing an improper high tract with biopsy of the right L5-S1 facet joint (black arrows)

major bleeding complications [2, 15-19]. Image-guided
biopsy may be a safe and effective alternative particularly
in thrombocytopenic or obese patients [17-19].

There was a statistically significant difference in mean
age of patients with complications in comparison to patients
with no complications (66.2+12.3 vs. 52.1 + 18.4). How-
ever, this may not be clinically significant.

Furthermore, the results of the present study did not
show a statistically significant association between
platelet count, INR, antiplatelet use, and anticoagulant
use with presence of complications. Only one patient
with complications had an undiagnosed bleeding tendency
with multiple bleeding complications following different
interventional procedures.

There was no statistically significant difference in
diagnostic yield between proper and improper tract biopsy
results. This would be explained by adequate sampling of
bone marrow in places other than PSIS.

Anatomic oriented training for healthcare providers
performing bone marrow biopsy, direct supervision by an
experienced provider, and image guidance may result in
avoidance of major complications. We hope the results of

the present study provide suggestions for practices to avoid
complications in bone marrow biopsy procedures.

In conclusion, improper tracts were common in palpation-
guided iliac bone marrow biopsy and significantly associ-
ated with the occurrence of complications. No complications
were encountered in proper tract procedures. Procedures
performed by providers with < 12 months’ experience were
associated with improper tract and complications.
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