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Introduction: Diverse musculo-skeletal pathology can be treated conservatively by different types of injections and in most cases,
results are significantly better if the existing inflammatory fluid is aspirated prior to injection of medication solutions. The present
study analyses an original technique which uses infusion therapy accessories to create two types of closed sterile double syringe
systems, and compares the benefits of using such a system in aspiration/injection procedures to classic aspiration injection technique
that implies changing and connecting multiple syringes to the same needle, thus increasing the risk for septic complications. The aim
of the present study is to minimize therapeutic risk of iatrogenic septic complications during aspiration/injection procedures.
Methods: 1024 patients underwent aspiration/injection procedures in our clinic using the double syringe system between 2015 and
2020. During the early stages of the study, the second type of assembly was rendered impractical so the study continued with analyzing
a single type of double syringe system using a three way infusion therapy device which is readily available, and allows the assembly of
a closed sterile system with a single, two-step procedure technique. latrogenic local septic complications were followed by means of
a six week clinical follow-up evaluation with additional investigations only if necessary.

Results: In 1024 procedures we report 0% incidence of iatrogenic septic complications, or other types of complications and
recommend this technique in a vast array of rheumatic, orthopedic or traumatic conditions that require aspiration/injection procedures.
Discussion: The double syringe system is practical, easy to use, it completely eliminates the risk of iatrogenic infection due to manipulation
errors, and significantly simplifies the technique for sonography guided aspiration/injection procedures for musculo-skeletal pathology.
Keywords: musculo-skeletal injections, aspiration/injection technique, double syringe system, iatrogenic infection, rheumatology,
joint pathology

Background/Objective

Many pathological conditions resulting from musculo-skeletal (MSK) injuries or chronic degenerative joint and tendon
pathology require local corticosteroid injections or different types of medication which are administered locally, like
hialuronic acid.'™ It has been shown that these types of injections have better results if the inflammatory fluid, present at
the site of injection, is aspired before injecting the medicine, instead of adding the medication onto an already high pressure
effusion.”® Weitoft et al demonstrates that aspiration of the synovial fluid before injection of the corticosteroid solution
significantly reduces arthritis relapse and leads to better results, concluding that “arthrocentesis shall be included in the intra-
articular corticosteroid injection procedures”.> The same applies to visco-elastic supplementation procedures.” Zhang et al
demonstrates that all scores are significantly improved if joint injection of hyaluronic acid is preceded by aspiration.®
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Producers and experts recommend aspiration of joint fluid before injecting the hyaluronic acid solution as well.”® Taking all
this into consideration, it is interesting to see that aspiration before musculo-skeletal injections is not routinely done in clinical
settings. We find that the reason is represented by the associated septic risk that comes with manipulating syringes during intra-
articular injections’ potentially compromising the sterility of the procedure leading to severe septic complications.
Whatever the clinical situation, aspiration/injection of symptomatic Baker cyst,'" acute tenosynovitis'' or visco-
supplementation procedures,® aspiration of the existing pathological fluid followed by injection of the medication
solutions implies changing syringes during the procedure, in the sense that the fluid is aspirated, the needle is left in
place and the syringe changed for the one with the substance meant to be injected in the first place.'? However, holding
the needle in place and changing syringes is not recommended unless it can be achieved in completely sterile conditions
to avoid joint contamination with dramatic consequences that follow, like acute septic arthritis which can even be fatal.'?
The field of MSK imaging guided procedures has become impressively vast and the reason for this is accuracy of the
injections and visual certainty that the solution is administered at the perfect location to ensure optimal results for the patient

1416 Direct visualization also ensures aspiration success and facilitates joint procedures which are

and the specific pathology.
becoming fairly common in the clinical setting. On the other hand, handling the probe and performing the procedure at the
same time can be technically challenging especially because of the need to change syringes while leaving the needle in place.
Usually an assistant is required to hold the probe in place while the physician handles the needle and syringes. Even so,
switching syringes, being carefully not to dislocate the tip of the needle, keeping your eyes at the screen as well, can lead to
human error with contamination of the syringe and dramatic consequences, with infection rate considered to be 1 in 3000 to 1
in 100,000 after joint injections.'” Furthermore, in most septic complications following joint or tendon injection the cause is
considered to be faulty technique.'” It is important to differentiate septic arthritis and pseudoseptic arthritis that can sometimes
occur after visco-supplementation procedures and resolves with rest and conservative treatment.'®

The aim of the present study is to propose an original technique and demonstrate that the double syringe system
(DSS.) completely eliminates the risk of iatrogenic infection in aspiration/injection procedures performed in various joint
pathology, by eliminating the potentially unsecure gesture of switching syringes with the needle left in place at the
injection site.

Materials and Methods
Study Design
The present study follows one single potential complication that results from musculo-skeletal aspiration/injection
procedures and this is iatrogenic septic complications resulting from the technical difficulty of switching the aspiration
syringe with the final injection syringe with the needle left in place, while also holding the sonography probe in some
situations. The study compares two different assemblies that allow the connection of two syringes, using ready available
intra-venous (i.v.) administration accessories (Figure 1).

The present study is strictly designed to demonstrate two original aspiration/injection techniques using sterile i.v.
administration accessories to create a closed sterile system that avoids manipulating the needle or syringes during the

A B

Figure | (A) double syringe system type A using the three way stopcock Discofix-3, with a 5 mL syringe for treatment solution and a 20 mL syringe for aspiration; (B)
double syringe system type B using a standard i.v. catheter with aspiration syringe connected after placing the needle in place and removal of the guide needle.
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procedure. The present study is not designed to discuss the type of medication administered or any kind of outcome
following these procedures, but only focus on reducing the risk of iatrogenic septic complications at the site of injection.

Sample

The study group consists of 1024 patients (Table 1), who were admitted to our Clinique for intra articular injection of
visco-elastic solutions. All patient were already under observation for either coxarthrosis or gonarthrosis, unilateral or
bilateral or both hip and knee pathology, mild or moderate forms of the disease with indication for conservative treatment
and surgical indication when clinical symptoms deteriorate. In this group of patients some of them were diagnosed with
associated musculo-skeletal pathology that also had indications for aspiration/injection procedures and were treated
accordingly: shoulder subacromial bursitis 15%, symptomatic Baker cyst 14%, calcific supraspinatus tendinopathy 10%,
tenosynovitis (with significant amount of fluid in the tendon sheath) 9%, synovial cyst 6%, suprapatelar bursitis 2%
(Table 1). However, the type of pathology, the type of medication administered and clinical results do not make the
subject of the present study.

The only parameter followed in the present study is iatrogenic infection after MSK aspiration/injection procedures
using the DSS. The study was conducted following the Declaration of Helsinki of 1975 revised in 2013. All participants
signed a written consent for the procedure and the study was authorized by the ethical committee of the University of
Medicine and Pharmacy Victor Babes Timisoara Nr. 8/2015, and also by the ethics committee of the Emergency County
Hospital “Pius Branzeu” Timisoara Nr.242/20.APR.2021.

Table | Study Group Characterization

Characteristic Number of Patients, %, or Mean * SD

Total number of patients 1024

Number of patients treated with DSSA 1020

Number of patients treated with DSSB 4 (The second type of assembly proved impractical in clinical setting and
procedures using this type of assembly were stoped in the early stages of our
study).

Sex 73% female, 27% male

Age 59 + 16 years old

Admission primary diagnosis Coxarthrosis 22%, Gonarthrosis 78%

Shoulder Subacromial bursitis 15%
Baker cyst 14%

Associated MSK pathology that was addressed using the
DSSA during hospital stay
Calcific supraspinatus tendinopathy 10%

Synovial cyst 6%

°
°

°

® Tenosinovitis 9%
°

® Suprapatelar bursitis 2%
°

Milwakee shoulder arthropathy 0.1%

Patients that underwent multiple procedures (either for 60%
different joints or different pathologies)

Septic local complications at the 6 week follow-up 0%

examination

Functional improvement after visco-elastic supplementation | 88% (12% of patients declared sationary evolution of their clinical symptoms)
of the knee/hip (6 week follow-up visit)

Clinical improvement after local corticosteroid injection for | 92% of patients described major improvement of pain and function (8% declared

diverse MSK pathology (6 week follow-up visit) stationary evolution)
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Technique

A sterile technique is mandatory in any joint/tendon injection. In order to achieve this the research team used a one time
application of alcohol on a large area surrounding the site of the procedure followed by a minimum of three applications
of surgical iodopovidone on a large area around the puncture site, with adequate time for drying so that the solution
penetrates the deep layers of the skin in order to avoid other potential sources of iatrogenic contamination. We selected
two assemblies for a double syringe system in order to allow aspiration/injection procedures with a completely closed
sterile system, using common intra-venous administration accessories.

Double Syringe System Type A (DSSA)

The first type of assembly (Figure 1A) uses a three way stopcock designed for infusion therapy (Discofix-3 produced by
B.Braun) which allows for two syringes to be connected to one single needle (24 Gauge) but also allows the physician to
control flow, alternatively for each syringe.

Double Syringe System Type B (DSSB)

The second type of assembly (Figure 1B) also uses an administration accessory designed for infusion therapy which is
known as peripheral IV catheter (Vasofix Safety Pur produced by BBraun) with a 24 Gauge needle.

Assembly of the sterile components was done before preparing the site of injection, all components were handled with
sterile gloves. For the aspiration syringe we used a 20-50 mL syringe depending on the amount of fluid expected to be
aspirated and for medication a 5 mL syringe was prefilled with the medication solution before connecting it to the assembly.
Once the system assembly is completed, attention is directed to preparing the site of injection. Because all procedures were
assisted by sonography, a piece of tape was used to separate the sterile field from the probe field where gel was applied.

System A Technique

The entire assembly is mounted before the procedure starts using sterile gloves and sterile field. The stopcock is set in
aspiration position to only allow the aspiration syringe to be connected to the needle (Figure 2A). After local preparation
the needle is placed in position and aspiration is completed first (Figure 2B). The stopcock is then oriented to block the

Figure 2 (A) system is set for aspiration after the needle will be in place, red arrows demonstrate the direction of the aspirate from tip of needle towards the aspiration
syringe; (B) aspiration is completed and stopcock is rotated clockwise. The red arrow indicates the 90 degree rotation of the stopcock, to block the aspiration syringe and
open the injection syringe; (C) treatment solution can be administered without changing needle tip location. The red arrows indicate the direction of injectate flow from
medication syringe to the tip of the needle location; (D) double syringe system at the end of the procedure.
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aspiration syringe and open the treatment syringe so the treatment solution can be injected (Figure 2C). The treatment is
injected and the entire assembly removed (Figure 2D) followed by compressive dressing for 30 min.

System B Technique

The treatment syringe is connected before the procedure. After the needle is placed, the guide needle is removed and the
aspiration syringe attached. After the aspiration is completed the final treatment solution is injected. During aspiration,
the second syringe needs to be fixed by hand so that the negative pressure resulting from the viscosity of the pathological
fluid does not lead to aspiration of the medication solution instead of the content of the pathological collection.

After all aspiration/injection procedures, the patients were advised to rest for 3 to 5 days, use local cryotherapy for 1
to 3 days and address the clinic if any adverse effects were noticed. Otherwise they were instructed to return for the six
week follow-up clinical exam to evaluate any potential signs of septic local complications. Six week visit protocol
included clinical examination and only in case of any clinical signs that suggest local complications, further imagistic
imaging like plain radiographs, MSK sonography and magnetic resonance imaging according to the clinical situation, as
decided by the physician.

Results

DSSB is far less practical and efficient because of the inability to block the syringes individually. Because of this, at the moment
of aspiration (because aspirate fluids are usually of higher viscosity than the injection solution) the injection solution was
aspirated in the second syringe. To avoid this, the physician needs to hold and manually lock the injection syringe. Also because i.
v. catheters have the guide needle, the aspiration syringe would have to be connected after needle placement which led to the loss
of the main objective of our study, specifically to avoid manipulating syringes after needle placement. In addition the flexible
plastic tube that is left in place was not as reliable as a standard needle. These technical difficulties justified stopping the DSSB
procedures and to continue our study using only the DSSA which completely met the initial objectives of our study design:
a system that is easy to use, practical and a completely closed sterile system that is also relatively inexpensive.

In all 1020 procedures that were done in the present study using the DSSA, the success rate of the procedure was
100% with aspiration followed by injection from the second syringe using the i.v. three way stopcock designed for
infusion therapy (Disco-Fix produced by B.Braun) (Figure 1A). 4 procedures with system type B were successful but
with unnecessary technical difficulties that are completely eliminated by using the DSSA.

In 1024 procedures the infection rate was 0% (Table 1). At six weeks, the follow-up clinical examination revealed
normal anatomy with the complete absence of clinical signs of infection like local redness, edema, high temperature, etc.
Because of this, no further imaging investigations were solicitated by the physicians that conducted the follow-up clinical
examination. Most patients described local tenderness for 1-3 days which is usually noted in MSK injections that did not
need treatment besides local cryotherapy and rest. We observed mild inflammation of the joint in 2 cases following
injection of hyaluronic acid but this is usually observed when injecting visco-elastic substances, regardless of the
technique used, and symptoms resolution was achieved in 10 to 14 days with conservative treatment. Following visco-
elastic supplementation 88% of patients declared significant articular functional and pain improvements, with the
remaining 12% declaring stationary evolution at the six week mark (Table 1). Following local corticosteroid injection
for bursitis or tenosynovitis, 92% of patients declared major improvement in pain and function at six weeks but in these
cases patients also continued with physical therapy and other conservative treatments (Table 1).

Discussions
Results demonstrate that the DSS completely removes the risk of joint contamination due to syringe manipulation errors
during the aspiration/injection procedure. In all visco-supplementation procedures for arthritis, experts and producers
recommend aspiration of the existing joint fluid’** before injecting medication solutions.

The potential indications for using the DSS under sonography guidance are vast, ranging from joint injections,”
conservative treatment of ganglion cysts (Figure 3) '* and Baker cyst in particular,'® bursitis,?® to rare pathology like

22,23

intra-neural ganglion cyst*' or intra-spinal synovial cyst and many other clinical situations that require an aspiration/

injection procedure.
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Figure 3 Technique presentation for aspiration/injection procedure of a wrist synovial cyst; (A) approach and needle placement was done after understanding local anatomy
with sonography, with wide skin preparation and sterile technique under local anesthesia; (B) aspiration of cyst content; (C) injection of corticosteroid after aspiration is
completed; (D) 6 week follow-up visit with clinical assessment (patient used compressive bandage during activities after the procedure).

The technique described brings many advantages and benefits to the field of MSK injections. Current techniques
imply changing syringes while leaving the needle in place, but the technique described in the present study completely
eliminates syringe manipulation during the procedure, making it safer for the patient and easier for the physician, in
comparison with techniques found in the literature. Furthermore, when assembling the DSSA each component is chosen
with regard to the pathological situation, like type of needle or syringe dimensions. Sonography guidance of minimally
invasive procedures is a constantly developing field, and quickly becoming standard practice (Figure 4). A practical
improvement of the technique is much needed in aspiration/injection procedures.

Figure 4 Sonography images collected from our series of patients; (A) image obtained during vasco-supplementation of the Hip using the convex probe, with obvious
thickening of the joint capsule and small quantity of intra articular fluid; (B) image obtained from a patient suffering from Milwaukee Shoulder arthropathy were evacuation
was attempted (with no success due to high viscosity of intra articular deposits) before local steroid injection.
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The limitations of the present study consist of the comparative nature of the study between two original techniques
without adding a control group in which the procedure would be done by a standard technique that implies changing
needles during the procedure. Authors avoided this in their daily practice and have decided to use data in the current
literature regarding septic complication rates of this procedure, rather than recreating a study group in which such severe
complications are likely to emerge.

The economic impacts of the present results are twofold: all necessary components of the DSSA are readily available
as infusion therapy accesories and it also lowers healthcare costs by avoiding unnecessary hospital admissions and
hospital stay (by suggesting a safe sterile technique easily achieved in a clinical office setting).

Conclusions
The DSSA is a powerfull tool with 0% iatrogenic infection rate that makes aspiration/injection procedures safer for the
patient and technically effortless for the physician, thus offering a much needed solution to lower the clinical risk of
complications and allow aspiration/injection procedures to gain popularity in clinical practice, while avoiding unneces-
sary hospital admissions. Using this technique, sterile conditions can be achieved in a clinical office setting, reducing cost
and making aspiration/injection procedures widely accessible.

The present study concludes that using the i.v. catheter is not as practical and efficient as using the three way stopcock
designed for infusion therapy (Figure 1A).

Abbreviations
MSK, musculo-skeletal; 1.V, intra-venous; DSS, double syringe system; DSSA, double syringe system type A; DSSB,
double syringe system type B.
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