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Simple Summary: CT-guided bone marrow biopsy procedure is increasing in our practice. However,
it is not known how it differs from the more commonly performed in-office biopsy procedure using
the same power-drill needle and for the same diagnosis in terms of the patient experience. Having
found encouraging results of more patient comfort, less pain during the procedure, and high technical
success, CT-guided bone marrow biopsy is a viable alternative for some patients with low tolerance
to pain and a difficult-to-access biopsy site due to a large body habitus or other reasons.

Abstract: Aim: To evaluate patient satisfaction outcomes with respect to pain, discomfort, and quality
of life with hematology/oncology referrals undergoing CT-guided bone marrow biopsy and compare
these scores with those of patients undergoing in-office biopsy. Methods: A retrospective chart review
was performed over 2 years with all patients who underwent CT-guided bone marrow biopsy at
our university set-up. Age, gender, BMI, radiation dose (CTDI/DLP), number of in-office biopsies,
number of CT-guided biopsies, type/amount of moderate sedation used, technical and pathologic
success rates, and complication rates were recorded. All patients who underwent both in-office and
CT-guided biopsy were contacted by telephone to answer a brief survey regarding pain, discomfort,
quality of life, and future preference with respect to each biopsy. Results: A total of 32 patients
underwent CT-guided bone marrow biopsy. Moderate sedation was utilized for all CT patients,
and 19 patients underwent both in-office and CT-guided biopsies. Upon surveying the 19 patients
who underwent both kinds of biopsies, on a scale of 1–10 (10 = highest discomfort and highest
pain), the patients on an average reported 7.8 for in-office vs. 2.1 for CT for the discomfort level
(p < 0.001) and 7.9 vs. 1.7 for the pain (p < 0.001). The patients reported an average quality-of-life
score of 82 (out of a scale of 100) after CT procedures and 53 for in-office (p < 0.001). All patients
reported that they would prefer CT-guided procedures with sedation versus in-office procedures
in the future. Conclusion: CT-guided bone marrow biopsy is the preferred and more comfortable
procedure, especially in low-pain-tolerant patients, although it involves more cost, conscious sedation,
and radiation exposure.
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1. Introduction

The necessity of diagnostic bone marrow biopsies is high for a variety of myelopro-
liferative and order bone marrow disorders [1–8]. At our institution, these are routinely
performed on an outpatient and in-office basis by hematology/oncology clinics. For a
variety of reasons, such as the preference of the referral service, previous procedure failure
and/or patient intolerance, or poor prior experience for any reason, musculoskeletal ra-
diology division is asked to perform a CT-guided bone marrow biopsy. This also makes
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sense, as image guidance leads to high technical success and less patient discomfort. This is
especially true for larger patients in our demographics where non-CT-guided biopsies can
be a large challenge. At our institution, the outpatient clinics utilize only benzodiazepines
for intra-procedure pain relief. During a CT-guided procedure, with available nursing sup-
port, musculoskeletal radiology can use conscious sedation (benzodiazepine plus fentanyl).
For all bone biopsies in our setting, we use conscious sedation, unless there is urgency,
and the patient is not in an 8–10 h fasting state, where only fentanyl can be used for pain
management without risking sedation effects.

Image-guided biopsy procedures for various lesions have been shown to be safe,
effective, and well tolerated by patients [9–17]. The target biopsy site can be planned, the
number of passes is fewer with a higher face validity, and nearly 100% technical success is
attained due to the direct image guidance. In addition, these patients are better enabled
to undergo recovery in a controlled post-procedure monitoring setting where all aspects
of the peri-procedural work-up and follow-up can be performed [15,17,18]. Finally, any
immediate post-procedure complications that may arise can be addressed in an effective
manner with routinely available nursing support.

To date, no study in the current literature has evaluated patient satisfaction outcomes
of in-office bone marrow biopsy versus CT-guided bone marrow biopsy. The goal of this
study was to evaluate the patient satisfaction outcomes with respect to pain, discomfort,
and quality of life in hematology/oncology patients undergoing CT-guided bone marrow
biopsy and compare these scores with the in-office biopsy procedure.

At our institution, the musculoskeletal radiology division provides bone and bone
marrow biopsy services. In our anecdotal experience, the patients respond better to CT-
guided biopsy in terms of the biopsy-related discomfort, pain level, and procedure-related
complications as compared to the in-office non-image guided biopsy. We sought to system-
atically assess the above-described satisfaction outcomes and preference in patients who
had biopsies in both settings using post-procedure telephone interviews. We hypothesized
that patients have a better experience with CT-guided biopsy than blind in-office biopsy
and prefer it for future procedures or when referring others for such procedures.

2. Material and Methods

The study was performed under HIPAA guidelines following institutional
review board (IRB) approval, and informed consent was waived. All HIPAA regulations
were followed.

Retrospective data collection: A chart review was performed by a radiology resident
(US) and musculoskeletal fellowship trained faculty (PP) in consensus from the years 2014
to 2016 for all patients at our institutional university site who underwent CT-guided bone
marrow biopsy. Age, gender, body mass index (BMI), radiation dose (CT Dose Index
(CTDI) and Dose Length Product (DLP)), number of in-office biopsies, number of CT-
guided biopsies, type/amount of moderate sedation used, technical and pathologic success
rates, and complication rates were recorded. Using an IRB-approved questionnaire form, all
patients were then prospectively contacted by telephone to answer a brief survey regarding
pain, discomfort, quality of life, and future preference with respect to the type of biopsy
by the resident. CT-guided procedures performed within the musculoskeletal division at
our institution typically utilize an Arrow OnControl powered bone access system, with
13-gauge Murphy coaxial needles. This battery-powered bone access system has been
previously validated in the literature to produce large bone cores without significant
complications [19–21].

Telephone interviews: Following IRB approval, a questionnaire was used with differ-
ent elements evaluating the satisfaction outcomes for those patients who had underwent
both in-office and CT-guided interventions. During the telephone interviews by the radi-
ology resident (principal author), the post-procedure pain (scale 1–10, 10 being the worst
pain), post-procedure discomfort (scale 1–10, 10 being the most discomfort), post-procedure
quality of life (scale 1–100, 100 being the best quality of life), and future preferences (CT-
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guided versus in-office biopsy) if needed again were recorded from all 32 patients. All the
patients completed the full surveys.

Statistical analysis: The descriptive statistics included the mean and median for age,
BMI, CTDI/DLP, and percentages for sex, number of in-office versus CT-guided biop-
sies, and success/complication rates. The telephone questionnaire results for patients
undergoing in-office and CT-guided biopsies were tabulated separately and then com-
pared using a nonparametric Wilcoxon Sign rank test. A p value < 0.05 was considered
statistically significant.

3. Results

Procedures: Between 2014 and 2016, we collected data on 32 consecutive patients
who underwent CT-guided bone marrow biopsy. All procedures were performed via the
posterior iliac spine approach with the patients in prone positions. The indications for
procedures ranged from a variety of hematologic disorders including multiple myeloma,
lymphoma, and myelofibrosis to various leukemic subtype evaluations. Moderate (con-
scious) sedation (fentanyl IV and midazolam IV) was utilized for all CT-guided biopsy
patients, and 19/32 of such patients underwent both in-office bone marrow biopsy and
subsequently CT-guided biopsy. Patients undergoing in-office biopsy were noted to re-
ceive lorazepam; however, the dosages could not be gathered from the retrospective clinic
chart evaluations.

Retrospective data: Among all 32 patients, the mean age was 54 years +/−17 (median
56 years old), and the mean BMI was 33 kg/m2 +/−10 (median 30 kg/m2). The mean
CTDI was 60 mGy (median 43.5 mGy), and the mean DLP was 568 mGy × cm (mean
377 mGy × cm). The male:female ratio was 0.52, where 11/32 patients were male, and
21/32 were female. All the procedures were technically successful with respect to access
to bone marrow as seen on CT examination and the retrieved samples, and 1/32 had an
unsuccessful pathology result (Figures 1 and 2). The mean midazolam dose used was
0.9 mg, and the mean fentanyl dose used was 56 mcg. Various reasons were discovered
(per chart review of the electronic medical record) as to why these patients were sent
for CT-guided biopsy. Of the 19 patients who had both CT-guided and in-office biopsy,
8/19 (42%) had a documented poor in-office tolerance due to pain, 2/19 (11%) preferred it
under CT guidance with sedation due to excess discomfort, and 9/19 (47%) had a failed
in-office attempt.

Of the 9/19 patients who had a failed in-office attempt, all eventually had a successful
CT-guided biopsy.

Telephone interviews: Upon surveying all 32 patients who underwent CT-guided
biopsy, on a scale of 1–10 (10 = highest discomfort and highest pain), on average, the
patients reported a 2.5 score (+/−1.7) for discomfort and 2.2 score (+/−1.6) for pain. The
patients reported an average quality-of-life score of 79 post-procedure (+/−17.0). All
patients affirmed that they would prefer CT-guided biopsy in the future, if needed. No
untoward complications or adverse drug reactions were reported in any of the biopsies.
Upon surveying the 19 patients who underwent both in-office biopsy and CT-guided
biopsies, on a scale of 1–10 (10 = highest discomfort and highest pain), the patients on an
average reported 7.8 (+/−1.6) for in office vs. 2.1 (+/−1.3) for CT for discomfort level
(p < 0.001) and 7.9 (+/−1.4) vs. 1.7 (+/−1.0) for pain (p < 0.001). The patients reported an
average quality-of-life score of 82 +/−15.1 (out of a scale of 100) after CT procedures and
53 +/−18.5 for in-office (p < 0.001). All patients reported that they would prefer CT-guided
procedures with sedation versus in-office procedures in the future, if needed for them, or
other referrals, if asked.
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Figure 1. 71 year-old woman with acute myeloid leukemia. Technically successful biopsy, but insuf-

ficient pathologic diagnosis. (A) Prone position pre-planning CT with skin guidance markers on the 

right side of the patient. (B) Prone position CT with biopsy needle tip approaching right posterior 

iliac spine. (C) Prone position CT with biopsy needle tip within the right posterior iliac spine. 

Figure 1. 71 year-old woman with acute myeloid leukemia. Technically successful biopsy, but
insufficient pathologic diagnosis. (A) Prone position pre-planning CT with skin guidance markers on
the right side of the patient. (B) Prone position CT with biopsy needle tip approaching right posterior
iliac spine. (C) Prone position CT with biopsy needle tip within the right posterior iliac spine.
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Figure 2. 65 year-old woman with multiple myeloma. Technically successful biopsy, with adequate 

pathology results. (A) Prone position pre-planning CT with skin guidance markers on the left side 

of the patient. (B) Prone position CT with biopsy needle tip approaching left posterior iliac spine. 

(C) Prone position CT with biopsy needle tip within the left posterior iliac spine.

4. Discussion

As can be seen from the results of this systematic analysis and the structured tele-

phone interviews, the patients had significantly improved satisfaction outcomes in terms

of the pain, discomfort, and quality of life when comparing CT-guided biopsies versus in-

Figure 2. 65 year-old woman with multiple myeloma. Technically successful biopsy, with adequate
pathology results. (A) Prone position pre-planning CT with skin guidance markers on the left side
of the patient. (B) Prone position CT with biopsy needle tip approaching left posterior iliac spine.
(C) Prone position CT with biopsy needle tip within the left posterior iliac spine.
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4. Discussion

As can be seen from the results of this systematic analysis and the structured tele-
phone interviews, the patients had significantly improved satisfaction outcomes in terms
of the pain, discomfort, and quality of life when comparing CT-guided biopsies versus
in-office biopsies. This likely relates to our ability to set expectations, provide additional IV
pain medications, ability to up-titrate pain/sedation medications, and a more controlled
environment for the procedure with reliably selectable biopsy targets meeting patient
expectations [22–24]. Like Chang et al., we compared CT-guided versus routine in-office in-
terventions and obtained patient interviews for detailed analysis [25]. The results correlate
with our anecdotal expected findings of better patient experiences overall with CT-guided
procedures as outlined in the study hypothesis. The technical success was 100% with
samples obtained in all cases, validating the utility of image guidance, and the pathology
was inconclusive in only one case [25,26]. There were no complications reported on the
chart reviews or in the telephone interviews in terms of infection, post-procedure pain,
bone fracture, etc. In addition, the yield was higher in CT-guided biopsies, and previously
inconclusive in-office biopsies resulted in positive biopsy results when imaging guidance
was used. This is encouraging for patients to prefer future CT-guided biopsies due to both
the added comfort and reduced cost, trips (less financial harm), and psychological harm
associated with repeat biopsies. In the era of patient-centered care, thus, one must consider
CT-guided biopsy for better diagnostic results and patient comfort.

We acknowledge the limitations that the patients included do not represent the general
population, and probably, some may have had a low tolerance to pain and discomfort. In
addition, a negative experience from the in-office biopsy may have a role in exaggerating
the results from this small sample size. The order of procedures could also have influenced
their pain tolerance or expectations. Thus, not all patients may benefit from such procedures
considering the effects of societal efficacy as well. Finally, the retrospective nature of this
study (which raises possibility of a recall bias) and the ability to only interview patients who
had the CT portion of the procedure are added limitations. However, given the very high
significance identified in this study and an overwhelming patient preference for CT-guided
biopsies, we believe this sets a foundation for a future larger prospective study. A future
study could be performed in conjunction with the hematology/oncology service, where
patients can be randomly assigned to both traditional in-office and CT-guided biopsy sites.
The survey developed in this study could then be used to follow such patients over multiple
time points (i.e., immediately post-procedure and 3–6 months post-procedure).

It should be noted that the CT-guided biopsy also encompasses radiation exposure
and a higher cost. The radiation dose can be reduced by using a limited number of scans
(CT-fluoroscopy) and low dose approaches including iterative reconstructions [27–30]. Both
are routinely applied in our practice for such procedures and other CT-guided biopsies
soft tissue and bone biopsies and perineural injections or joint aspirations. However, it is
well-known that the indicated medical examinations with diagnostic radiation have not
been shown to increase the risk of malignancy.

To summarize, given the high technical success and pathology yield rate as well as
low complication rate of CT-guided biopsies in this retrospective small-scale study, we
conclude that CT-guided bone marrow biopsy is a safer, preferred, and more comfortable
procedure for the hematology–oncology patients, especially those with low pain tolerance
and who had failed in-office biopsies. Future larger or multi-center studies can further help
validate our findings.

Author Contributions: Conceptualization, A.C. and U.S.; methodology, A.C.; formal analysis, A.C.
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