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Use of Color Flow Doppler Ultrasonography to Increase the Safety 
of Intrathecal Drug Delivery System Refills

Ankur D. Mehta, DO1, Mitchell P. Engle, MD2, and Vishal Bansal, MD3

Intrathecal drug delivery systems are effective 
tools in the treatment of chronic pain or spasticity. 
Using intrathecal drug delivery systems, drugs 
are directly infused into the cerebrospinal fluid 
and gain access to critical receptors in the central 
nervous system. This delivery method allows for 
the use of markedly reduced doses of medica-
tions to produce the same effects as seen with 
higher orally administered doses. Reduced dos-
ing produces fewer side effects, creating a more 
favorable treatment course for patients already 
suffering from chronic pain or spasticity. Com-
plications with intrathecal drug delivery systems 
can occur during both the implantation process 
and the postoperative maintenance of the device. 
The most common procedure carried out during 
postoperative maintenance of these devices is the 
intrathecal pump refill. This procedure must be 
performed by experienced practitioners in a sys-
tematic way in order to prevent complications. The 
most dreaded of these complications is inadvertent 
injection of medication into the subcutaneous 
space as opposed to into the device, commonly 

referred to as a “pocket fill.” This paper describes 
and recommends the routine use of color flow dop-
pler ultrasonography as an easy, safe, and effective 
tool to reduce the chance of a catastrophic “pocket 
fill.” Routine utilization of live color flow ultrasound 
guidance during pump refills allows the practitioner 
to carefully document flow of medication into the 
pump under the silicone septum. It also allows for 
demonstration of no leakage from, or fluid increase 
superficial to, the septum. Additionally, 2 ultrasound 
images are obtained to document color flow deep 
to the septum and no color flow/leak/fluid super-
ficial to the septum. Although this complication is 
rare, it can lead to severe complications including 
oversedation, respiratory depression, and death. As 
such, we believe that the utilization of color phase 
doppler ultrasonography could further reduce this 
incidence.  

Key words: Analgesics, opioids, chronic pain, drug 
overdose, infusion pumps, implantable, injections, 
spinal, medication errors, spasticity, ultrasonics, 
methods, ultrasonography, interventional

chronic pain or spasticity. These select groups of 
patients with chronic pain have generally failed 
first- and second-line treatments, failed to achieve 
adequate reduction in pain ratings, and/or are not able 
to tolerate optimal dosing. The introduction of IDDS 
has allowed for medications to be delivered directly 
into the intrathecal space. This therapeutic modality 
has allowed for optimal and effective analgesia with 
reduced doses of medications and reduced side ef-
fects (1). The smaller doses that are used allow for a 
reduction in side effects that are routinely seen with 
systemic use (2,3). Medications that are delivered 
through the intrathecal sac gain direct access to the 
cerebrospinal fluid and avoid crossing the blood-brain 
barrier. The dorsal horns of the spinal cord within the 

Intrathecal drug delivery systems (IDDS) are an 
alternative and effective means of delivering opioids 
and other medications to patients with refractory 
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intrathecal space are a vital location for pain process-
ing with a high density of pain-related receptors (4). 
In addition to the advantage of reduced dosing, direct 
delivery also allows for a more prompt and optimal 
response (2).

However, the use of IDDS can lead to drug-, proce-
dure-, and device-related complications (5). Some 
of the major complications and adverse outcomes 
arise from the implantation process and the post-
operative maintenance of IDDS (5). Postoperative 
maintenance entails intrathecal pump refills as well as 
pump and catheter replacements. The most frequent 
maintenance procedure with the device is refilling the 
pump reservoir. This involves using a sterile process 
to locate and gain access to the pump port, empty-
ing any residual medication, and then refilling the 
device with new medication. Specific complications 
arising during pump refills include inability to access 
the pump reservoir, infections, seroma formation, 
and inadvertent injection of medications outside the 
pump (6).   

The inadvertent injection of medications outside 
of the pump reservoir into the surrounding subcu-
taneous space is commonly referred to as a pump 
“pocket fill” (7,8). Pocket fills can lead to a multitude of 
complications relating to drug overdose of the specific 
medication(s) being used. This includes and is not 
limited to oversedation, respiratory depression, and 
death (9). A clinical suspicion of a pocket fill should 
come to attention when a patient reports swelling, 
stinging, or tingling at the injection site during the 
refill, or any overdose symptoms pertaining to the 
medication(s) being used (7,10). 

Current safety precautions employed to help mitigate 
the risks of pocket fills include contacting the back of 
the pump reservoir with the needle, serial aspirations, 
and confirmation of volume from expected and actual 
levels (7,11). Recommendations are also made in 
current literature to employ the use of fluoroscopy and 
ultrasound during difficult refill procedures (10,12).

We propose a novel and unique method of rou-
tinely using ultrasound-guided imaging with color 
flow doppler to complete safe and precise pump 
refills. Described herein, we outline how the use of 

routine ultrasound-guided imaging with color doppler 
allows for precise extraction of residual medication 
and the introduction of new medication into the pump 
reservoir. Routine use of ultrasound will also allow for 
risk mitigation of multiple needle sticks when trying 
to contact the pump reservoir. 

Description of Technique
The region of the intrathecal pump is prepped and 

draped in a sterile fashion. The silicone septum is 
identified, and using ultrasound guidance, a noncor-
ing 22-gauge Huber needle is advanced into the 
pump’s refill port until a firm “end-feel” is felt. The 
current medication is then aspirated, and volume is 
confirmed prior to wasting. The new medication is 
then injected through a 0.2-micron filter under sterile 
conditions. Live color flow ultrasound guidance is 
used during this injection to carefully document the 
flow of medication into the pump under the silicone 
septum. It also allows for demonstration of no leakage 
from, or fluid increase superficial to, the septum. Two 
ultrasound images are generally obtained showing 
color flow deep to the septum and no color flow/
leakage/fluid superficial to the septum (Figs. 1,2). 
The needle is then withdrawn and sterile dressings 
are applied. 

DISCUSSION

Ultrasounds use probes that generate pulses and 
record the characteristics of echoes received from 
the structures being examined. The addition of color 
doppler allows visual representation of color-guided 
velocity information that is superimposed on grey-
scale imaging of the tissue and implanted device 
(13). The echoes produced from the device and 
anatomical tissue stay the same from pulse to pulse 
and the echoes from moving fluid produce varying 
differences that are displayed as a frequency. 

The doppler feature can represent flow that is going 
towards the probe (red) and away from the probe 
(blue) through simple color schematics; it can also 
display intensity of flow with brighter shades indicating 
faster flow and darker shades indicating slower flow 
(13). Doppler imaging is a common feature on ultra-
sound machines and can prove to be an important 
safety measure while performing pump refills. 



Color Flow Doppler Ultrasonography for IDDS

175

IPM Reports Vol. 3, No. 6, 2019

Fig. 1. Ultrasound images with color flow confirms flow of medications into the pump reservoir.

Fig. 2. Ultrasound image confirming no flow of medications outside of the septum in intrathecal pain pump.
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CONCLUSION
Ultrasonography continues to emerge as a valuable 

tool in all fields of medicine. Herein we describe the 
use of color flow ultrasonography to increase the 
safety of intrathecal pump refills. The use of this 
procedure allows the practitioner to directly visual-
ize the injection of the refill medication deep to the 
septum, likely markedly increasing the safety of the 
refill procedure. The Polyanalgesic Consensus Con-
ference (PACC) performed an exhaustive review of 
current literature to compile a report detailing methods 
and practices to mitigate risks associated with IDDS 
systems (14). Within these recommendations, there 
is emphasis on current literature that advocates for 
ultrasound guidance when the pump refill port is 
difficult to visualize and demonstrates the benefits 
of doppler for direct visualization of medication in 
the pump (15). 

 A study by Coffey et al (15) that reviewed 557 
evaluations of IDDS systems in non-cancer patients 
from 1998 to 2007 revealed 88 deaths within 3 days 
of a pump implant, refill, replacement, reprogram-
ming, dose change, or catheter revision. Amongst 
the 88 reported deaths, 28 (32%) were attributed 

to pump refills (15). In January 2011, Medtronic 
reported 8 deaths and 270 events from May 1996 to 
September 2010 that required medical intervention 
due to incidental pocket fills. The incidence of pump 
pocket refills is approximated at one per 10,000 refills 
(0.01%) as reported by Medtronic (16). Although 
this complication is rare, it has a significant rate of 
morbidity and mortality when it does occur. As such, 
we believe that the utilization of color phase doppler 
ultrasonography could further reduce this incidence. 
Ultrasound continues to be one of the most commonly 
used imaging modalities in health care. Ultrasound 
imaging is portable, lacks any radiation risk, and is 
inexpensive when compared to other imaging options 
(17). In the setting of interventional pain management, 
health care providers generally have experience with 
ultrasound technology with color doppler. In addition, 
ultrasound imaging is optimal and effective when 
refilling a patient with an abnormal body habitus or 
hard-to-access IDDS (12). Furthermore, we advocate 
for the routine use of ultrasound with color doppler 
for all refill procedures and not only during certain 
complicated procedures.
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