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Performance of Biopsy Needle
With Therapeutic Injection
System to Prevent Bleeding
Complications

Renal disease is epidemic in the United States with approximately 8 x 10° people having
chronic kidney disease. Renal biopsies are widely used to provide essential diagnostic infor-
mation to physicians. However, the risk of bleeding complications possibly leading to life-
threatening situations results in the contra-indication of biopsy in certain patient popula-
tions. Safer renal biopsies will allow more accurate diagnosis and better management of
this epidemic health problem. We report the preclinical testing of a novel biopsy device
called the therapeutic injection system (TIS). The device introduces a third stage to the
standard two-stage side-cut percutaneous biopsy process. The third stage is designed to
reduce bleeding complications by injecting a hemostatic plug at the time of biopsy. Labora-
tory evaluation and preliminary in vivo animal testing using an anticoagulated porcine
model of the TIS and Bard Monopty® (Bard Medical, Covington, GA) control device were
performed. The hemostatic material Gelfoam® (Pfizer, Brussels, Belgium) was selected as
the active material comprising the hemostatic plugs. The performance of two composite
plugs, one composed of polyvinyl alcohol (PVA) combined in 2:1 and 12:1 ratios with the
hemostatic material, and one plug composed of 100% hemostatic material were tested.
Stroke sequence and hemostatic plug deployment were verified by sequential firing of the
TIS biopsy needle into clear gelatin and ex vivo bovine kidney specimens. In vivo trials with
porcine specimens revealed a significant reduction in blood loss (8.1 = 3.9 ml, control versus
1.9+ 1.6ml, 12:1 PVAlhemostatic, TIS, « = 0.01, n=6). The 100% hemostatic plug showed
a substantial and immediate reduction in blood loss (9.2 ml, control versus 0.0ml, TIS,
n=1). The prototype device was shown to work repeatedly and reliably in laboratory trials.
Initial results show promise in this approach to control post biopsy bleeding. This solution
maintains the simplicity and directness of the percutaneous approach, while not significantly
changing the standard percutaneous biopsy procedure. [DOI: 10.1115/1.4023274]
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1 Introduction

Renal disease is epidemic in the United States with 8 x 10° peo-
ple having chronic kidney disease (CKD) with a glomerular filtra-
tion rate of less than 60 ml/min and another 12 x 10° having
evidence of microalbuminuria. Bleeding from biopsy is a major
problem in many areas of medicine but particularly in nephrology
where the risk of serious bleeding from the kidney, although infre-
quent, may become life threatening [1-4].

Risk factors associated with bleeding such as hypertension or
other comorbidities have been studied [2,3]. However, while
methods of performing kidney biopsies have improved over the
last two decades, renal biopsies still entail inherent bleeding risk
such that approximately a third may have postbiopsy hematoma
[1,2]. Even though some modifiable risk factors are mitigated,
most patients at increased risk are not biopsied. Even mild coagu-
lopathies increase the risk such that conventional (percutaneous)
renal biopsy is contraindicated [1,3,4]. While these and other pub-
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lished data indicate that serious bleeding complications occur in
only 1%—2% of cases, the data are inherently biased by excluding
the riskiest patients from percutaneous renal biopsy.

Because of this bleeding risk, renal biopsy is used sparingly in
the CKD population, ranging in western countries from 3.3 in
100,000 in Italy, to 21.5 in 100,000 in Australia [5]. While accurate
biopsy rates in the US are lacking, using a median rate of 16.2 in
100,000 such as that reported for France [5], yields an estimate of
approximately 50,000 renal biopsies annually in the US. The con-
traindication of biopsy is not optimal since the risk of bleeding is
greater in many patient populations where renal biopsy would be
most helpful, such as in autoimmune diseases and renal dysfunction
manifested by elevated creatinine greater than 2mg/dl [4]. Even
though most hematoma do not become life threatening, the cur-
rent strategy for monitoring and managing complications can be
improved. Safer renal biopsy will allow more accurate diagnosis
and better management of this epidemic health problem.

Prior attempts at designing biopsy needles that deploy hemostatic
agents have been made [6—9]. However, there are two shortcomings
in prior designs. First, they attempt to deploy an unshielded hemo-
static plug into the kidney (or other organ) tissue along the outside
of the biopsy needle shaft during the biopsy procedure. These plugs
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will be met with resistance from the remaining organ tissue as it is
introduced into the biopsy site, resulting in ineffective deployment.
Second, no controlled deployment mechanism has been developed
that will reliably fill the tissue void created by the biopsy needle
with the hemostatic plug. Other designers have attempted to
improve guidance and deployment mechanisms in standard two-
stage biopsy needles [10-15], but these prior solutions do not
address the problem of effective deployment of the hemostatic plug
within the void as the needle is withdrawn.

While there are a variety of approaches that may be taken to
improve the current situation, we have chosen to develop a biopsy
needle and mechanism that injects a hemostatic plug at the time
of biopsy to control bleeding. This study evaluates the perform-
ance of a prototype biopsy device referred to as the therapeutic
injection system (TIS). The TIS is designed to minimize the risk
of bleeding complications by delivering a shielded hemostatic
plug using a specialized delivery mechanism. The clotting and
sealing caused by the plug material then completes the hemostatic
action.

The following two sections describe the design and validation of
this device. Section 4 provides experimental results, followed by
Secs. 5 and 6 presenting a discussion of the results and concluding
remarks.

2 Device Design

The TIS device performs very similarly to a traditional side-cut
biopsy device, which consists of two spring loaded needles, an
inner needle, called the stylet and the outer needle, called the tro-
char. The stylet contains a notch near the end of the needle to col-
lect the tissue sample. When the clips holding the stylet spring are
released, two distinct processes take place: (1) The stylet is accel-
erated forward, and tissue fills the stylet notch; and (2) at the end
of the travel the stylet releases the clip holding the trochar which
is then also driven forward, severing and trapping the biopsy sam-
ple in the stylet notch.

The TIS device adds a “third stage” when the trochar releases a
clip at the end of its travel. This results in the automatic retraction
of both stylet (containing the biopsy sample) and trochar along the
same stroke length. The third stage simultaneously deploys a he-
mostatic plug from a channel running below the stylet notch, exit-
ing at the stylet tip. The deployment sequence of the TIS biopsy
device is illustrated in Fig. 1. Since each stage sequentially trig-
gers the following stage, the time the needles are inside the organ
being biopsied is minimized, reducing the possibility for further
injury due to movements of the patient or physician.

The completed prototype TIS device and specialized stylet tip
are shown in Figs. 2(a) and 2(b), respectively. CAD software (Sol-
idworks, Dassault Systemes, Concord, MA) was used to design
the parts and create dimensioned drawings. CAD simulations
were conducted to verify proper stroke length and deployment
sequence prior to component fabrication. A design review
assessed component manufacturability, ease of assembly, and
the ability of the design to meet specifications. The design

INITIAL POSITION OF HEMOSTATIC

PLUG INTIS BIOPSY DEVICE.
STEP 1. NOTCHED NEEDLE ﬁ
DEPLOYS WHILE SHIELDING

THE HEMOSTATIC PLUG. m

STEP 2. OUTER CUTTING
CANNULA CUTS BIOPSY
TISSUE IN THE NOTCH.

STEP 3. OUTER CUTTING CANNULA

AND NOTCHED NEEDLE WITHDRAW
IN'UNISON LEAVING HEMOSTATIC

PLUG IN WOUND SITE.——————————~__

Fig.1 TIS biopsy needle deployment sequence (not to scale)
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Fig. 2 TIS prototype showing (a) complete device (38 cm long)
and (b) stylet tip with channel for hemostatic plug

Table 1 TIS device characteristics

Trocar diameter 16 gauge (1.65 mm)

Stylet diameter 0.053 in. (1.35 mm)
Stylet notch depth 0.025 in. (0.64 mm)
Stylet notch length 0.244 in. (6.20 mm)
Needle stroke length 0.430 in. (10.92 mm)

Hemostatic channel height
Deployed volume of hemostatic agent
Spring force

0.019 in. (0.48 mm)
2.8 x 1073 in.? (0.046 cm?)
38 N device loaded,
22 N end of travel

characteristics of the TIS device are provided in Table 1. The pro-
totype housing that holds the internal components was manufac-
tured using SLA (stereo-lithography apparatus), while other
components including the clip lock and release mechanisms were
machined from stock material. Externally accessible levers were
included to draw back the trocar to retrieve the biopsy tissue from
the notch and to re-arm the device. After each biopsy sequence,
new hemostatic plugs were manually loaded into the channel in
the stylet. During design, the ability to economically mold these
components was considered to facilitate the commercialization
process.

3 Methods

Three key elements of the TIS biopsy device were investigated.
First, a suitable formulation for the hemostatic plug was obtained,
allowing it to be easily loaded into the needle, while maintaining
its hemostatic properties and sufficient mechanical rigidity during
the deployment process. Second, the efficacy of the device at
deploying in ex vivo tissue was investigated. Finally, the overall
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performance of the TIS device to control bleeding in an in vivo
setting was evaluated.

3.1 Hemostatic Plug Characterization. Due to the cutting-
edge geometry of the stylet tip, it can be assumed that a mostly
lateral incision is made when the needle enters the tissue. Should
the biopsy channel fill with blood after the needle is removed, the-
oretically a worst-case circular cross section with diameter of
0.053 in. would result (assuming low pressures, excluding the
effect of tissue elasticity). Therefore, experiments were performed
to determine the expansion characteristics of the hemostatic plug.
Since a larger stylet may cause additional damage to the organ, a
constraint of 0.053 in was placed on the stylet diameter. This
resulted in a maximum achievable hemostatic channel height of
0.019 in., and a target hemostatic expansion requirement of at
least 147% change from its preinjected to saturated form.

A commercially available hemostatic agent Gelfoam® (Pfizer,
Brussels, Belgium) was selected as the hemostatic material to
develop the injectable plug for the device. Gelfoam® is a water-
insoluble, nonelastic, porous and pliable sterile sponge that is ca-
pable of holding 45 times its weight in blood and is intended for
application to bleeding surfaces as a hemostatic agent. It is pre-
pared from purified porcine skin, gelatin granules, and will natu-
rally break down in the body over a period of about a week.

Initially, the hemostatic material was combined with polyvinyl
alcohol (PVA) in a 12:1 ratio. Since the hemostatic is supplied ei-
ther as a foam sheet or powder, the goals were to develop a com-
posite plug with improved mechanical properties for loading into
a needle. Also, the composition needed to prevent the plug break-
ing apart on deployment and being swept into the vascular system,
increasing the chances of embolism. Both standard and composite
plug materials were placed in water and the thickness was meas-
ured as a function of time.

3.2 Plug Deployment in Gelatin. Clear gelatin was prepared
and poured into vials and hardened. The vials containing the gela-
tin were then fixed to the bench top. The TIS biopsy device was
mounted to the bench top with a bracket that positions the tip of
the TIS biopsy device past the free surface of the clear gelatin. A
centimeter scale with 2 mm resolution was positioned adjacent to
the stroke axis of the TIS biopsy device. The deployment
sequence was observed and compared to specifications.

3.3 Ex Vivo Testing in Bovine Kidney. The performance of
the TIS device was evaluated in the laboratory by comparing tissue
sample collection to the Bard Monopty® device (Bard Medical, Cov-
ington, GA), which acted as the control. Both the TIS and the control
had a stroke length of 11 mm. Bovine kidneys were purchased from a
local abattoir, refrigerated, and used within 12 h to perform the experi-
ments. The needles were manually inserted 1 cm into the kidney prior
to taking the biopsy. Ten biopsies using each device (TIS and control)
for a total of 20 biopsies were performed. After biopsy the tissue sam-
ples were fixed in buffered formalin and stained with hematoxylin
and eosin. The area of the sectioned tissue was calculated from digital
images using ImageScope® software (Aperio, Vista, CA).

3.4 In Vivo Testing in Porcine Kidney. A porcine model
(n=2, 38, and 48 kg) was selected to provide live kidneys of rea-
sonable size for biopsy to assess performance of the TIS device.
All experimental procedures were approved by the IACUC of the
University of Michigan consistent with the Association for the
Assessment and Accreditation of Laboratory Animal Care (AAA-
LAC) guidelines. After administration of general anesthesia Tela-
zol (5-6mg/kg) and Xylazine (2-3mg/kg), the animals were
intubated and maintained under general anesthesia (Forane
1%-2%). An arterial line was placed to measure blood pressure.
A large bore IV was inserted in a peripheral vein for administra-
tion of maintenance fluids. A blood sample was taken to measure
platelet count and activated clotting time (ACT) for each animal.
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Table 2 12:1 PVA/hemostatic composite plug thickness versus
time in water

Time, s Thickness, in mm Percent change
0 0.012 (0.305) 0
60 0.013 (0.330) 8
120 0.014 (0.356) 17
180 0.014 (0.356) 17
240 0.015 (0.381) 25
300 0.015 (0.381) 25
3120 0.020 (0.508) 67

ACT was measured using a Hemochron 401 Series ACT measure-
ment machine. Heparin (150 units/kg) was administered resulting
in ACT of 212s = 10%. Platelet count was 182,000 and 287,000
per uL for the first and second animal, respectively. Mean arterial
pressure was maintained at 70 to 74 mmHg.

Both animals underwent midline laparotomy. The small bowel
was retracted and covered with a saline soaked drape. The peritoneum
was cut to expose the kidney which was then elevated with a sponge.
Sponges were used to remove abdominal fluid prior to biopsy.

The first animal had 12 biopsies taken, six on the right and six
on the left kidney. The right kidney had three biopsies taken with
the control device in the upper pole and three taken with the TIS
device using the PVA to hemostatic ratio of 2:1 in the lower pole.
Two investigators, each using a different biopsy device, per-
formed biopsies simultaneously. The opposing kidney was biop-
sied in a similar manner with each device biopsying the pole
opposite the previous kidney. The second animal had a similar se-
ries of biopsies using the PVA to hemostatic ratio of 12:1 (n=6)
and one plug composed of 100% hemostatic material (n=1).

Sponges were used to absorb blood from each biopsy site to mea-
sure blood loss. To prevent the sponges from influencing the results,
the sponges were not directly applied to the biopsy site with manual
pressure. Rather, the sponges were used to gently absorb blood as it
flowed down the organ to a lower elevation. Post biopsy minus dry
sponge mass was measured to quantify blood loss from the animal
for each biopsy and a conversion factor of 1.06 g/ml was used to
obtain blood volume loss. At the end of the study, the animals were
euthanized. At necropsy, the kidneys were examined grossly,
excised, and processed for histology around the wound site.

4 Results

This section will present the results obtained from the labora-
tory, ex vivo and in vivo experiments discussed in the preceding
section.

4.1 Plug Expansion Characteristics. Pure hemostatic and
composite plug thickness versus time in water are tabulated in
Tables 2 and 3. Percent change in thickness was calculated for
both materials. Maximum percent change in thickness was 67%
for 12:1 PVA/hemostatic, taking 300s to expand 25%. The pure
hemostatic exhibited a quicker and far greater expansion only tak-
ing 30's to expand to 33% and 100 s to expand to 150%.

Even though the composite hemostatic plug did not reach the
theoretically determined maximum, the effect of the inherent elas-
ticity and pressure from surrounding tissue minimizing the biopsy
void volume must also be considered. It was expected that these

Table 3 Hemostatic foam sheet thickness versus time in water

Time, s Thickness, in mm Percent change
0 0.12 (3.048) 0
30 0.16 (4.064) 33
48 0.20 (5.080) 67
100 0.30 (7.620) 150
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(a)

Fig. 3 TIS deployment sequence with scale (cm), showing (a) prefiring, (b) hemostatic
plug exiting needle, and (¢) hemostatic plug deployed

external influences would most likely prevent the achievement of
the maximum biopsy void diameter during in vivo experimentation.

4.2 Plug Deployment in Gelatin. Stroke sequence and he-
mostatic plug deployment were verified by repeated firing (n =3)
of the TIS biopsy needle into clear gelatin. Figure 3 shows the
deployment sequence. Figure 3(a) shows the needle initially
inserted into the gelatin. Figure 3(b) shows the needle after the
trigger had been activated, the biopsy taken, and the hemostatic
plug deployed. Figure 3(c) shows the needle removed and the he-
mostatic plug remaining in the gelatin.

4.3 Ex Vivo Testing in Porcine Kidney. An example of the
histological evaluation performed is shown in Fig. 4. These suc-
cessful completion of the 10 biopsies demonstrated the capability
of the TIS device for obtaining adequate tissue samples. Although
there was a 24% reduction in mean tissue sample area (3.386 ver-
sus 2.573 mm?), the specimens collected with the TIS and control
device showed comparable specimen quality. The promising
expansion performance of the pure hemostatic suggests that the
channel holding the hemostatic agent may be reduced, allowing
an increase in notch depth to make the biopsy sample volume for
the TIS the same as the control.

4.4 In Vivo Testing in Porcine Kidney. For animal 1, time
to hemostasis was visually assessed. However, accurate measure-
ments proved difficult due to the persistence of very slow bleeding
rates continuing even after practical hemostasis was achieved.
Therefore, for animal 2, the assessment of blood loss was meas-
ured as a function of time, where time to hemostasis was defined
as the first data point at which the bleeding rate fell below 0.5 mL/
min. Results for both porcine specimens are provided in Table 4.
Because the two populations (control and TIS) had different
standard deviations, the Smith—Satterthwaite procedure was
employed instead of a standard T-test.

Statistically significant reductions in both blood loss and time
to hemostasis were found when using the 12:1 PVA/hemostatic
plug (blood loss: 8.1 = 3.9ml, control versus 1.9 = 1.6 ml, TIS,
a=0.01, n=06; time to hemostasis: 290 * 45s, control versus
130 =103, TIS, o =0.01, n = 6). The experimental results for the
12:1 PVA/hemostatic versus control bleeding volumes are illus-
trated in Fig. 5, where the difference between bleeding volumes

011002-4 / Vol. 7, MARCH 2013
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Fig. 4 Stained and sectioned biopsy taken with TIS device
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Table 4 Time to hemostasis and blood loss for control and ex-
perimental devices

Device Hemostatic plug material Animal n Blood loss, ml
Control None 6 43 +32
TIS 2:1 PVA/hemostatic 6 23 % 1.1
Control None 2 6 8.1 39
TIS 12:1 PVA/hemostatic 2 6 1.9+ 1.6
Control None 2 9.2
TIS 2:1 Pure hemostatic 2 0.0
14
| | =—Control (n = 6)
12 |- Ts: 121 PVA/Gelfoam Plug (n = 6)
| |=& TIS: 100 % Gelfoam Plug (n =1)
=10
£ L
2 8 /z(
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Fig. 5 Blood loss (ml) versus time (s). Error bars represent =1
standard deviation.

|

Il

I

LI

and time to hemostasis can be clearly seen for the various experi-
ments. Also, a reduction in blood loss standard deviation by a fac-
tor of 2.4 (3.9/1.6) between the control and TIS device with 12:1
plug was observed. Due to the complexity of loading the pure he-
mostatic foam into the needle, only one pure hemostatic plug was
deployed during the experiment. Notably, the pure hemostatic
plug resulted in the substantial and immediate reduction in blood
loss from 9.2 to 0.0 ml. This clearly showed that the pure hemo-
static plug with its rapid expansion in the presence of blood has
the potential to outperform the composite plug and control device.

Figure 6 shows gross tissue specimens sectioned along the
plane of the biopsy needle track from kidneys biopsied from ani-
mal 2. Figure 6(a) shows the track of the control device with no
plug. Figure 6(b) shows the track from the TIS device with the
translucent 12:1 PVA/hemostatic plug deployed within the track.
Figure 6(c) provides a magnified view of Fig. 6(b) showing the
correct placement of the composite plug in the tissue, verifying
the in vitro gelatin results in vivo. The plug was bent during sec-
tioning (lower arrow) pulling the plug slightly away from the
entry point (upper arrow). Although the pure hemostatic plug in
Fig. 6(d) is not visible, the same specimen when stained and sec-
tioned, in Fig. 7(c), shows that it was correctly placed placement
and has expanded by absorbing blood followed by coagulation
within the biopsy track.

Gross specimens from Fig. 6 were stained with hematoxylin
and eosin and sectioned. Figure 7(a) shows blood and acute
thrombus formation in the biopsy track of the control device.
Figure 7(b) shows the 12:1 PVA/hemostatic plug within the track.
The white space is the pulling away of the plug from the tissue
resulting from histological processing and embedding. Figure 7(c)
shows the pure hemostatic plug deployed in the kidney tissue and
expanded within the track mixed with blood and thrombus.

(b)

il

(d)

Fig. 6 Renal cortical tissue sections from in vivo porcine experiment for animal 2 (scale

is in cm with 1 mm resolution)
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Fig. 7 Histology of biopsy sections with hematoxylin and eo-
sin staining

5 Discussion

In order to respond to the bleeding risk, physicians appropri-
ately limit percutaneous renal biopsy to cases where the diagnos-
tic information exceeds the potentially life-threatening risk to the
patient. Current nephrology practice consists of close clinical ob-
servation postbiopsy, with escalating imaging and surveillance for
intervention, especially when transfusions become necessary
when a patient’s hematocrit is falling. In this setting, the next step
is to proceed with invasive treatments to address the excessive
bleeding by performing renal arteriography and segmental embo-
lization or surgery [16]. In settings where conventional biopsy is

011002-6 / Vol. 7, MARCH 2013

considered too risky, high risk patients needing kidney biopsy are
referred to interventional radiologists and surgeons to perform
more complicated invasive procedures such as open, laparoscopic,
or transjugular renal biopsy [17-20]. Surgical procedures have
greater morbidity and cost; still entail bleeding risk, and the trans-
jugular procedure remains much more involved than conventional
biopsy and merely serves to keep the bleeding that does occur
within the vascular space (bleeding is directed into the venous
system). Advances in laparoscopic procedures have allowed a less
morbid surgical approach to be used [20], but this remains more
involved and costly than the percutaneous approach, and is re-
served for cases where the standard percutaneous approach is
contra-indicated. While surgical advances and laparoscopic proce-
dures are needed, and will continue to be needed for complicated
and high risk patients, a safer percutaneous biopsy device and pro-
cedure will definitely allow a greater number of biopsies to be per-
formed, offering a diagnostic advantage to physicians.

One potential solution that has been envisioned involved the
use of standard medical imaging guidance with a coaxial guide
for biopsy needle placement in order to inject an hemostatic agent
after the biopsy has been performed and the biopsy needle is
removed. In this way one might anticipate bleeding control at the
surface of the kidney. Unfortunately a large clinical study recently
published with over a thousand patients showed no difference
between this coaxial approach with hemostatic injection and the
standard approach with or without coaxial guides in reducing
complications [21]. Since open procedures can control bleeding
using hemostatic agents, these results suggest that imaging with a
coaxial guide is not sufficient to deliver the hemostatic agent to
the site of bleeding and maintain the agent at the site of bleeding
to achieve hemostasis.

The TIS prototype addresses the bleeding problem by directly
deploying a hemostatic agent into the void created by the biopsy
needle as part of the procedure itself. This solution maintains the
simplicity and directness of the percutaneous approach, gaining
access to the outer cortex of the kidney with a needle of conven-
tional thickness, through the patient’s back under ultrasound guid-
ance, and avoiding significant changes to the standard
percutaneous biopsy procedure.

6 Conclusion

While substantial development and experimentation remain,
these initial results show significant promise in this approach to
control postbiopsy bleeding, thereby addressing the unmet need
for safer kidney biopsies. Future iterations of this device may also
serve to reduce the cost of care by allowing more accurate diagno-
sis of renal diseases. These results lay the groundwork for further
study applicable to other clinical situations where increased safety
and control of bleeding are desired.
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