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Abstract

Objective To assess success and safety of CT-guided procedures with narrow window access for biopsy.

Methods Three hundred ninety-six consecutive patients undergoing abdominal or pelvic CT-guided biopsy or fiducial

placement between 01/2015 and 12/2018 were included (183 women, mean age 63 + 14 years). Procedures were classified

into “wide window” (width of the needle path between structures > 15 mm) and “narrow window” (< 15 mm) based on
intraprocedural images. Clinical information, complications, technical and clinical success, and outcomes were collected.

The blunt needle approach is preferred by our interventional radiology team for narrow window access.

Results There were 323 (81.5%) wide window procedures and 73 (18.5%) narrow window procedures with blunt needle

approach. The median depth for the narrow window group was greater (97 mm, interquartile range (IQR) 82-113 mm)

compared to the wide window group (84 mm, IQR 60-106 mm); p = 0.0017. Technical success was reached in 100%

(73/73) of the narrow window and 99.7% (322/323) of the wide window procedures. There was no difference in clinical

success rate between the two groups (narrow: 86.4%, 57/66; wide: 89.5%, 265/296; p = 0.46). There was no difference

in immediate complication rate (narrow: 1.3%, 1/73; wide: 1.2%, 4/323; p = 0.73) or delayed complication rate (narrow:

1.3%, 1/73; wide: 0.6%, 1/323; p = 0.50).

Conclusion Narrow window (< 15 mm) access biopsy and fiducial placement with blunt needle approach under CT guidance

is safe and successful.

Clinical relevance statement CT-guided biopsy and fiducial placement can be performed through narrow window access of

less than 15 mm utilizing the blunt-tip technique.

Key Points

e A narrow window for CT-guided abdominal and pelvic biopsies and fiducial placements was considered when width of the
needle path between vital structures was < 15 mm.

o Seventy-three biopsies and fiducial placements performed through a narrow window with blunt needle approach had a
similar rate of technical and clinical success and complications compared to 323 procedures performed through a wide
window approach, with traditional approach (> 15 mm).

o This study confirmed the safety of the CT-guided percutaneous procedures through < 15 mm window with blunt-tip technique.
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Abbreviations

CNB Core needle biopsy

ED Emergency department

IQR Interquartile range

SIR  Society of Intervention Radiology

Introduction

Percutaneous image-guided biopsies and drain place-
ment are routinely performed for diagnosis and manage-
ment of a broad spectrum of pathologies. Due to the high
technical success and excellent safety profile, CT-guided
biopsies are widely used to obtain pathologic diagnosis
[1]. The overall safety profile of these procedures is very
good, with rate of major adverse events < 2% [2]. Many
factors contribute to the technical success and safety pro-
file of CT-guided biopsies, such as vascularity of the
lesion, type and gauge of biopsy needle used, benign
or malignant nature of the lesion, and the experience of
radiologists and pathologists [2, 3].

The high success rate of percutaneous imaging-guided
biopsy may result in increased requests for “difficult”
CT-guided biopsies, for example, targeting lesions in
close proximity to vital structures or when the lesion
location or the surrounding structures is variable depend-
ing on patient position, bowel motion, breathing, etc.
[4]. These circumstances are challenging as the access
window to the lesion is either narrow or movable. Given
the implications of declining image-guided procedures,
such as either suboptimal conservative treatment or more
morbid surgical management, an approach that would
allow sampling in the setting of the narrow window is
necessary.

The identification of a safe needle trajectory, also known
as a safe window, is a cornerstone of percutaneous interven-
tion. Different techniques have been adopted to gain access
to these narrow window target lesions, including patient
positioning, hydrodissection, and curved and blunt-tip
needles [5—12]. In our institution, we use the “blunt-tip”
technique, which is used by several interventional teams,
but has not been described in the literature. Furthermore,
the available data so far does not evaluate the safety of and
technical success in the narrow window access biopsies spe-
cifically and not explicitly considered in the most recent
Society of Interventional Radiology guidelines in regard to
percutaneous biopsies [2].

The purpose of this study was to assess the success rate
and safety profile of CT-guided procedures performed in
patients with narrow window access, with blunt needle
approach, compared to the procedures performed with wide
window access.

Materials and methods

This is a retrospective HIPAA-compliant study of consecu-
tive patients who underwent CT-guided biopsy or fiducial
placement in the abdomen and pelvis at our institution
between January 2015 and December 2018. The institu-
tional review board approved the study with a waiver for
informed consent. Written informed consent was obtained
prior to all CT-guided procedures per the institutional pro-
tocol. Our institution is a teaching hospital where trainees
actively participate in the procedures. In our institution, we
have availability and substantial expertise in both CT-guided
and US-guided percutaneous procedures. For each biopsy
request from a referring physician, an interventional radiolo-
gist thoroughly reviews the case using imaging and clinical
information. Based on this evaluation, the interventional
radiologist decides whether to proceed with CT or US guid-
ance, and the patient is then scheduled accordingly.

Study patients

In this retrospective study, 410 consecutive abdominal and
pelvic CT-guided procedures performed between January
2015 and December 2018, including core needle biopsy
(CNB) and fiducial placement, were identified through the
institutional database. Fourteen procedures were excluded
from the study due to the absence of available images (5
cases), no pathology report available for evaluation of clini-
cal outcomes (8 cases), and trans-organ approach (1 case)
(Fig. 1). Since 2018, the procedure technique for narrow
window has not changed, with new staff being trained to
follow blunt needle technique for narrow window cases.

Procedure technique

CT-guided procedures were performed under intermittent
CT fluoroscopy guidance (AS Definition 32 detector (64
slice), Siemens). Procedures were performed with moder-
ate sedation (intravenous midazolam and fentanyl), admin-
istered by registered radiology nursing staff who continu-
ously monitored the cardiac and respiratory status of the
patient per institutional protocol. Patients were screened
for coagulopathy, and appropriate corrections were made,
including cessation of anti-coagulation as feasible as per
Society of Intervention Radiology (SIR) guidelines [2]. Pro-
cedures were performed by radiology residents or abdominal
imaging fellows under the direct supervision of experienced
board-certified interventional or abdominal radiologists.
The attending radiologist decided on appropriate patient
positioning based on the available prior cross-sectional
imaging to ensure the safest approach to the target to
increase the access window as feasible by utilizing a variety
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Fig. 1 Study accrual flow chart

410 consecutive abdominal and pelvic
CT-guided procedures CNB and/or FSP
between January 2015 and December

2018

Excluded patients:

- 5 absence of available images

- 8 no pathology reportavailable
- 1 trans-organapproach

396 CT-guided procedures
183 (48%) women

213 (52%) man

167 (52%) men

323 with “wide-window”
156 (48%) women

73 with “narrow-window”
27 (37%) women
46 (63%) men

of decubitus approaches. The patient then underwent a non-
contrast CT scan of the target area. Intravenous contrast was
administered at the discretion of the attending radiologist for
better visualization of the lesion, vascular structures, and
ureters. The biopsies were performed using a 17G coaxial
/18G biopsy system (Mission, Bard). Similarly, for fiducial
placement alone, an 18G sharply beveled needle with wax
at the tip (Brachystar needle, Bard) was placed through the
17G coaxial needle.

The target for a core needle biopsy (CNB) or fiducial place-
ment was localized, and the optimal window, defined as the
shortest tract between the skin and the target lesion with the
minimum number of vital structures in between, was chosen.

Although a formal protocol to approach cases with nar-
row access window is not formalized in our institution, the
blunt needle approach is usually preferred due to the pro-
tection against penetration of visceral structures and ves-
sels. The encapsulated structures, fascia, and bowel require
either a significant force or a sharp needle to penetrate. In
contrast, within the fat, the blunt needle can glide by differ-
ent structures, in our experience. Therefore, by consensus,
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a blunt needle is used to navigate the fat-containing narrow
window component of the tract after the sharp needle (sty-
let) penetrates the skin, subcutaneous tissues, muscle, and
parietal peritoneum. The procedure sequence is as follows:
after traversing the fascia, the sharp stylet is replaced by the
blunt-tip stylet to advance through the narrow window. The
blunt needle is used to navigate within the peritoneum to
avoid damage to intraperitoneal organs, such as small ves-
sels. Next, when the needle is at the target, a sharp needle is
used to advance the system into the target organ for obtain-
ing biopsies or placing fiducials.

A limited unenhanced CT scan was performed after the
biopsy or fiducial placement to screen for post-procedure
complications. A radiology nurse monitored patients to
detect signs and symptoms of post-procedural complications
and sedation recovery. The length of post-procedure obser-
vation time varied from 1 h in cases for sedation recovery
only to up to 4 h in visceral biopsy and fiducial placement
cases per departmental protocol. In case of a procedure at
increased risk for complication, the monitoring period is
extended at the discretion of the interventional radiologist.



European Radiology (2024) 34:2364-2373

2367

Fig.2 Example of wide window approach. Seventy-year-old man
with history of chronic lymphocytic leukemia presents with CT
diagnosis of abdominal mass concerning for malignancy (a). A CT-
guided biopsy was ordered. b The intraprocedural images show coax-
ial needle in correct position at the edge of the lesion. The window
width in this patient (yellow line) was measured 45 mm and the depth
was 89 mm (blue line). This was classified as wide window

Procedure review

Procedure images were reviewed on PACS by an abdominal
imaging fellow (ACh). Within the needle trajectory, the win-
dow width was defined as the minimum distance between the
vital structures, such as visceral organs, bowel loops, vessels,
ureters, and bones along the path of the needle, as measured in
three-dimensional planes (Figs. 2 and 3). A consensus among
the radiologists performing procedures in our department
deemed 15 mm window width a safe threshold to perform
CNB with the standard technique. Procedures were classi-
fied according to the smallest window width between nearby
structures along the needle path into “narrow window” (< 15 mm
[sub-categorized as < 5 mm, 5-10 mm, 11-15 mm]) and
“wide window” (> 15 mm). Depth was defined as the distance

Fig.3 Example of narrow window approach. A 43-year-old woman
underwent CT for suspected chronic lymphocytic leukemia or lym-
phoma. a The images reveal the presence of a celiac lymphadenopa-
thy that is targeted for biopsy (arrow). b The intraprocedural images
show coaxial needle in correct position at the edge of the lesion. The
window width in this patient was measured 0 mm and the depth was
82 mm. This was classified as narrow window. During the proce-
dure, a small amount of intraperitoneal free air was noted, likely an
expected consequence of the removal of the sharp stylet followed by
the introduction of the blunt stylet

between the skin to the tip of the coaxial/core needle within
the target organ (Figs. 2, 3, and 4). The closest structures to
the needle path, such as visceral organs, bowel loops, major
vessels (including aorta, iliac, celiac, and superior mesenteric
arteries, vena cava, portal, hepatic, and mesenteric veins),
small vessels (including mesenteric branches, inferior epi-
gastric), ureters, and bones, were considered adjacent to the
trajectory. The time needed to perform the biopsy, from the
preprocedural scan to the last sampling, was reported.

Complications
Incidence of immediate and delayed (30 days) complications

was obtained through a review of the patient’s radiology studies,
radiology reports, and medical records by an abdominal research
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Fig.4 Example of narrow window approach. A 63-year-old man
with history of distal pancreatectomy for pancreatic adenocarcinoma
underwent abdominal MRI for follow-up a, with evidence of a retro-
crural lymphadenopathy (arrow). A biopsy was requested. b Intrap-
rocedural CT images show coaxial needle at the edge of the target
lesion. The pathology result showed “Lymph node tissue with no car-
cinoma seen.” The window width in this patient was measured 4 mm
and the depth was 96 mm. This was classified as narrow window

fellow. The complications were classified as major, requiring
inpatient treatment, or minor, self-resolving, according to the
Society of Intervention Radiology (SIR) guidelines [2].

Outcomes

Technical success was defined as obtaining adequate tissue
samples from the target during the biopsy or adequate posi-
tion of fiducials on post-procedural imaging. For CNB and
CNB followed by fiducial placement, clinical success was
defined by concordant pathology results with imaging find-
ings as deemed by the group consensus review by procedural
radiologists during routine clinical weekly radiology-pathol-
ogy correlation meetings.

In addition, the results of the biopsy, with or without
fiducial placement, were compared to the reference standard
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(surgical pathology or imaging follow-up, minimum of 6
months), to calculate sensitivity, specificity, and accuracy.
True positive results were defined as malignant result con-
firmed on surgery or radiological or clinical follow-up, true
negative as non-malignant pathology result confirmed on
surgical sample or imaging follow-up, and false negative as
non-malignant result that was proved malignant on surgery
or imaging follow-up.

Statistical analysis

Descriptive statistics were provided. The chi-square test and
the Yates’ chi-square test were used to analyze the difference
in prevalence between the two groups. The Kruskal-Wallis test
was used to assess differences in the window width and depth
medians. The level of statistical significance was set at p < 0.05.

Results

The study cohort included 396 CT-guided procedures in 378
patients, with 183 (48%) women and mean age of 62.9 years
(SD 13.6, range 21-92 years) (Table 1). There were 350/396
CNB (88.4%), 14/396 CNB followed by fiducial placement
(3.5%), and 32/396 fiducial placement only (8.1%). A total
of 323/396 (81.5%) CT-guided procedures were performed
with wide window (> 15 mm) and 73/396 (18.5%) with
narrow window with blunt-tip needle, including equal or
less than 5 mm width (17/73, 23%), width 6-10 mm (22/73,
30%), and width of 11-15 mm (34/73, 47%). None of the
cases with narrow window access were performed with
hydrodissection technique. Median depth for narrow window
was greater (97 mm, IQR 82-113 mm, 95% CI 91-104 mm)
compared to wide window group (84 mm, IQR 60-106 mm,
95% CI 80-88 mm); p = 0.002.

Bowel was the most common organ adjacent to the needle
path in both narrow and wide window groups (44/73, 60%
and 218/323, 68%, respectively) (Table 3). In the narrow
window group, major and small vessels were noted adjacent
to the needle path in 31/73, 43% and in 30/73 41% cases,
respectively, compared to only 53/323, 16% and 59/323, 18%
for the wide window group; p < 0.0001.

The median time to perform the procedure was 30 min
(interquartile range 23—40 min), without difference between
procedures with narrow (median 29, IQR 21-38 min) and
wide (median 30, IQR 23-40 min) window; p = 0.23.

Complications

No major complications were noted in the whole study
cohort. There was one minor immediate complica-
tion (1.3%; 1/73) in the narrow window group, seen in
a patient undergoing pancreatic biopsy complicated by



European Radiology (2024) 34:2364-2373

2369

Table 1 Patients’ characteristics

Narrow window (n = 73) Wide window (n = 323) p value
n % n % 0.08 Chi-square

Sex

Women 27 37% 156 48%

Men 46 63% 167 52%
Age (mean) 62.5 + 14 (range 24-85) 63.4 + 13.3 (range 21-92) 0.6 Unpaired #-test
Organ/region target 0.11 Yates’ chi-square

Abdominal mass or lymph node 14 19% 100 31%

Adrenal 6 8% 22 7%

Pancreas 3 4% 11 3%

Pelvic mass or lymph node 17 23% 89 28%

Retrocrural lymph node 2 3% 0 0.0%

Retroperitoneal lymph node 31 43% 101 31%
Type of procedure 0.37 Yates’ chi-square

Biopsy procedures 67 2% 297 92%

Biopsy coaxial 61 84% 289 90%
Biopsy coaxial and fiducial placement 6 8% 8 2%

Fiducial placement only 6 8% 26 8.0%
Depth of trajectory (mm, median) 97, IQR 82-113 84, IQR 60-106 0.0017  Kruskal-Wallis
Window width (mm, median) 10, IQR 6-14 35, IQR 24-57 < 0.00001 Kruskal-Wallis

post-procedural hematoma for which the patient required
hospitalization for observation (Fig. 5). Four minor imme-
diate complications (1.2%; 4/323) were noted in the wide
window group (4 small post-procedural hematomas);
p = 0.73. No interventions or treatments were required
for the management of these complications. In the wide
window group, one patient presented to the emergency
department within 30 days after the procedure for minor
complications (1/323, 0.6%). The patient, who suffered
from peritoneal carcinomatosis, ascites, and ovarian mass,
presented to ED with leakage of serous fluid from the site
of ovarian mass biopsy. This was treated conservatively
with no hospitalization or intervention. In the narrow
window group, one patient presented to the emergency
department within 30 days after the procedure for minor
complications (1/73, 1.3%); p = 0.50. The patient, who
suffered from retroperitoneal fibrosis targeted for biopsy,
presented with flank pain secondary to retroperitoneal
hematoma that was treated conservatively without the need
for hospitalization or intervention (Fig. 6).

Outcomes

Technical success was achieved in 100% (73/73) of the cases
in the narrow window group and 99.7% (322/323) in the
wide window group.

After the exclusion of 33 fiducial placement procedures
and 1 technically unsuccessful CNB, 89.5% (322/362) of

CNBs were deemed clinically successful. There was no dif-
ference in the clinical success rate between the ‘“narrow win-
dow” group (86.4%; 57/66) and the “'wide window” group
(89.5%; 265/296); p = 0.46.

For the comparison with the reference standard, 12 biop-
sies (2 with narrow window and 10 with wide window) were
excluded due to insufficient follow-up. There was a sensitiv-
ity of 88% for the narrow window approach (51/58) and 92%
for the wide window approach (227/248). For both groups,
the specificity was 100%. The overall accuracy was 89% for
the narrow window (57/64) and 93% for the wide window
(265/286) (Table 2).

Discussion

Image-guided percutaneous procedures are generally safe
and highly successful. However, a narrow window between
vital organs along the biopsy access is perceived as a signifi-
cant safety challenge. Hydrodissection is one method sug-
gested to avoid vital structures along the needle path; how-
ever, its utilization may be limited by difficulty maintaining
fluid within a specified space for the duration of the biopsy,
and therefore additional alternative solutions are needed
[13—-17]. In our institution, we routinely adopt a technique
which includes blunt-tip stylet through a coaxial needle sys-
tem to navigate areas with narrow access window and avoid
sharp trauma to other structures. This retrospective analysis
of our patient population showed that performing CT-guided
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Fig.5 Narrow window approach with immediate complication.
Sixty-seven-year-old man with a history of diffuse B-cell and pancre-
atic cysts present with clustered cystic lesions in the head of the pan-
creas, with diameter of 2.9 X 1.8 X 3.6 cm seen on MRCP (a). b Per-
cutaneous CT-guided sampling was performed, with narrow window
between mesenteric vessels. ¢ During the procedure, there was evi-
dence of bleeding. A CTA was performed without evidence of active
extravasation. Patient was hemodynamically stable and was admitted
overnight to monitor clinical condition

@ Springer

Fig.6 Narrow window approach with delayed complication. An
82-year-old woman presented to the ED with abdominal pain and
fever. a An abdominal CT ordered for suspected diverticulitis revealed
the presence of retroperitoneal lymphadenopathy. b A CT-guided per-
cutaneous biopsy was ordered. The intraprocedural images showed
narrow window, with needle trajectory between the inferior vena
cava and the aorta. ¢ After 2 days, the patient presented to the ED
with fever and abdominal pain. A CT scan showed presence of small
amount of retroperitoneal hematoma. After monitoring for 24 h, the
fever did not recur and the patient was discharged without treatment
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Table 2 Sensitivity, specificity, and diagnostic accuracy

Narrow window Wide window

n=64 n=286
n % n %
Diagnostic outcomes
True positive 51 80% 227 80%
False positive 0 0% 0 0%
True negative 6 8% 38 13%
False negative 7 11% 21 7%
Diagnostic measurements
Sensitivity 51/58 88% 227/248 92%
Specificity 6/6 100% 38/38 100%
Accuracy 57/64 89% 265/286 93%

The results of biopsy were compared to the reference standard (surgi-
cal pathology or imaging follow-up, minimum of 6 months), to cal-
culate sensitivity, specificity, and accuracy. True positive results were
defined as malignant result confirmed on surgery or radiological or
clinical follow-up, true negative as non-malignant pathology result
confirmed on surgical sample or imaging follow-up, and false nega-
tive as non-malignant result that was proved malignant on surgery or
imaging follow-up

biopsy through a narrow access window (< 15 mm) is as
safe as through a wide window access with similar technical
and clinical success (Table 3).

The blunt-tip technique was first introduced in radiological
literature by Akins and Hawkins in 1989 when they examined
the safety of the blunt-tip needle (made by filing down the
sharp inner stylet of the standard 18G Cook needle) in an open
evaluation in dogs, followed by use in patients (predominantly
nephrostomies and biliary drainages with 12 abscess drainages
and 2 biopsies) [10]. The authors have shown that the “blunt
tip displaced loops of bowel without laceration or entry into
the intestines.” Furthermore, the “blunt tip needle ... bounced
off kidney capsule when the pass was not perpendicular to the
kidney” and “parenchymal entry ... required jabbing action at
the capsule.” Lastly, “blunt needle ... could not be forced to
penetrate barium filled renal artery despite at least 100 direct
forceful attempts.” This served as the basis for the commer-
cial development of the Hawkins (Argon Medical devices) and

Table 3 Summary of structures in proximity to the needle path

Organs Narrow window (n = 73) Wide window
(n=323)
n % n %
Major vessel 31 43% 53 16%
Small vessel 30 41% 59 18%
Bowel 44 60% 218 68%
Ureter 5 7% 6 2%
Visceral organ 43 59% 136 42%

Hawkins-Akins (Cook Medical) blunt needles [18, 19]. The
authors also safely used a blunt-tip needle for 12 percutane-
ous abscess drainages when vascular structures or bowel were
present in the procedural trajectory under fluoroscopy. In 2009,
the blunt-tip needle was used for 30 lymph node biopsies under
CT guidance with 100% technical success with 3/30 (10%)
minor complications, one case of hematoma and two cases of
pneumothoraces in mediastinal biopsies [9]. More recently,
a blunt-tip needle was used for 26 CT-guided biopsies and 9
abscess drainages in cases with less than 10 mm from a criti-
cal structure. In the biopsy group, there were 19% of minor
complications (4 pneumothoraces and one hematoma) [11].
Though this limited available evidence points to the likely
safety of the blunt-tip technique, all three studies include only
a small number of patients and none of these three small series
compare the accuracy and safety of the technique in the nar-
row window compared to wide window access procedures.
In the current study, we report the safety and accuracy of 73
procedures performed with window less than 15 mm and we
compare the results to the wide window access group.

There were no major complications in our study cohort,
and the minor complication rate was 1.8%, which is slightly
lower than the reported complication rates in the literature
[20, 21]. Furthermore, the complication rates from CT-
guided biopsies and fiducial placement through a narrow
window approach were similar to the wide window approach
(1.3% compared to 1.9%). Previous studies showed the util-
ity of the hydrodissection technique to displace vital organs
located along the trajectory to the target lesion [22, 23].
However, these studies did not specifically evaluate the
approach to a target lesion with a narrow window access.

Alternative methods to approach narrow window access
biopsies have been proposed. One of the techniques is
hydrodissection, which is employed routinely for ablation
procedures [13, 14, 16]. One known downside of this tech-
nique is poor control of the liquid instilled as it tends to
collect in dependent spaces, which is not necessarily the site
needed for the biopsy trajectory [15, 22]. Curved needles
with specific pre-shaped angles have been used to approach
difficult biopsies [24-26]. Using a curved needle does not
allow modifications of the trajectory during the procedure
and at times it may be difficult to predict the exact course
the needle will take through the tissues. The utility of curved
needles has not been confirmed in independent studies yet.
As a steep learning curve, decreased ability to modify the
needle trajectory and increased procedure time could repre-
sent significant obstacles to wide clinical applicability [24].

Our study has several limitations. First, patient selection
is influenced by the available resources and the interven-
tional radiologists’ preference to refer a patient to either a
US-guided or CT-guided biopsy. This limitation is somehow
mitigated by the fact that we have significant experience and
availability in both US- and CT-guided procedures. Given
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the study’s retrospective nature, we could not determine with
certainty if there were procedures where the blunt-tip tech-
nique was not used for accessing the narrow window. While
there is no formal protocol to use the blunt-tip technique,
this technique is almost universally utilized by our interven-
tional radiologists while traversing a narrow window as per
typical institution practice and consensus. The cutoff of 1.5
cm is arbitrary and depends on the clinical indication and
type of critical structure along the trajectory of the needle.
Nevertheless, 1.5 cm or greater is a reasonable window for
performing CT-guided procedures with a standard sharp nee-
dle for our interventional radiologists. While an ideal study
would present a randomized comparison between the “blunt”
and “sharp” approaches, it is challenging to randomize this
choice while simultaneously guaranteeing patient safety and
maintaining the radiologist’s confidence throughout all pro-
cedures. Our institution has a fellowship training program
that might impact the technical and success rate based on
the experience of the fellow and the level of training. How-
ever, technical and clinical success in the current study was
very high and comparable to the literature. This may also be
related to the experience of the attending radiologists who
supervise the fellow or trainee through all aspects of the
procedure and can take over completely in difficult cases to
ensure technical success and patient safety. While we accu-
rately maintain immediate and 30-day complication rates
for our patients undergoing CT-guided procedures, there is a
possibility that some of these patients are referred to outside
clinics for follow-up of any delayed complications.

Our study shows a high success rate and safety profile
of CT-guided procedures with narrow window access. The
use of blunt-tip needle technique and the experience of the
interventional radiologists likely contribute to these results.
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