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Adapter-based Safety Injection System for Prevention of Wrong 
Route and Wrong Patient Medication Errors

Wrong-route or -patient medication errors due to human mistakes have been considered 
difficult to resolve in clinical settings. In this study, we suggest a safety injection system 
that can help to prevent an injection when a mismatch exists between the drug and route 
or patient. For this, we prepared two distinct adapters with key and keyhole patterns 
specifically assigned to a pair of drug and route or patient. When connected to a syringe 
tip and its counterpart, a catheter injection-port, respectively, the adapters allowed for a 
seamless connection only with their matching patterns. In this study, each of the adapters 
possessed a specific key and keyhole pattern at one end and the other end was shaped to 
be a universal fit for syringe tips or catheter injection-ports in clinical use. With the scheme 
proposed herein, we could generate 27,000 patterns, depending on the location and shape 
of the key tooth in the adapters. With a rapid prototyping technique, multiple distinct 
pairs of adapters could be prepared in a relatively short period of time and thus, we 
envision that a specific adapter pair can be produced on-site after patient hospitalization, 
much like patient identification barcodes.
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INTRODUCTION

Wrong-route or wrong-patient medication errors occur when 
the medication is injected into a wrong injection route or pa-
tient, respectively (1-5). These errors account for 12%–25% of 
the total drug medication errors occur in the hospitals world-
wide (6-9), and they can result in life-threatening conditions 
and possibly patient fatality (7,10-16). In an attempt to reduce 
the possibility of such medication errors, several strategies have 
been developed. Most of these strategies involve educational 
programs for medical staff using error prevention manuals or 
route-specific barcode systems (15,17-19). While these strate-
gies might help recognize and confirm route of medication, 
they still do not tackle the fundamental issues of human error. 
For example, even if a human mistake is discovered, you must 
still handle the issue of the wrong drug being injected. For this 
reason, Wrong-route and wrong-patient medication errors still 
remain a serious problem in clinical settings (2,15,18-22).
 When a patient is admitted to a hospital, a catheter is usually 
connected to the vein of the patient first, with an injection port 

exposed outside of the body. After establishing the required 
medical prescription for the patient, the medical staff injects 
the required drug by connecting a syringe tip to the injection-
port in the catheter. Understanding this procedure and in an at-
tempt to prevent wrong medication errors, we suggest a safety 
injection system that can physically prevent the connection of a 
syringe tip to a catheter injection-port when there is a mis-
match between a drug and patient or route. As part of this sys-
tem, we propose adapters to be installed to syringe tips and 
catheter injection-ports, serving as a key and keyhole, respec-
tively. Each pair of key and keyhole possesses a shape pattern 
specific to a matching pair of drug and patient or route. In this 
way, even when a medical staff is not aware of the medication 
error by mistake, a mismatch will be present to not allow the 
connection between the syringe tip and the catheter injection-
port, thereby leading to automatic prevention of injection.
 We envision producing the adapters with a specific key and 
keyhole immediately after patient hospitalization, similar to 
patient identification barcodes in clinical settings (20,21). In or-
der for such a design to be applicable to a large number of pa-
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tients visiting the hospital, it would be advantageous to fabri-
cate the adapters in a relatively short time. For this reason, rapid 
prototyping (RP) can be an ideal solution over other conven-
tional fabrication methods (23-26). The RP technique would al-
low for rapid, on-demand and on-site production of the adapt-
ers with various key and keyhole shape patterns, each custom-
ized to a specific patient or injection route. To test the feasibility 
of our strategy, we employed a Polyjet printing technique to 
fabricate the adapters in this work (25). Considering their medi-
cal use, the adapters herein were printed with a biocompatible 
material that is known to meet the United States Pharmacopeia 
(USP) class VI biocompatibility test (27,28). 

MATERIALS AND METHODS

Adapter design
The safety injection system consists of two distinct adapters, i.e., 
the syringe and catheter adapters, to be connected to a syringe 
tip and catheter injection-port, respectively (Fig. 1A). We de-
signed the syringe and catheter adapters to be equipped with a 
key and keyhole, respectively. For a syringe adapter, a specific 
male key pattern is embossed at one end, while the other end is 
shaped to allow for seamless fitting to the syringe tip. The cath-
eter adapter is designed to have a female keyhole pattern at one 
end to be matched with a pairing syringe adapter while the oth-
er end is shaped to allow for seamless fitting to the catheter in-
jection-port. We used the syringe tip and catheter injection-port 
with luer lock as exemplary devices in clinical use (Norm-ject® 
10 mL disposable luer lock syringe, Henke Sass Wolf, Tuttlingen, 
Germany; and Q-SyteTM catheter extension set, Becton, Dickin-
son and Company, Franklin Lakes, NJ, USA), where the adapt-
ers are shaped accordingly. For both adapters, a marker is pre-
pared as a reference for their alignment. 
 The operation scheme of the safety injection system is de-
picted in Fig. 1B. At the time of injection, the two adapters are 
aligned using the reference markers and insertion is attempted. 
When the drug matches the patient or route, the adapters have 
the corresponding shape patterns as key and keyhole, allowing 
the syringe tip to be inserted, forming a proper luer lock con-
nection with the catheter adapter to allow for a seamless flow-
path towards the catheter injection-port. When there is a mis-
match, the adapters cannot be properly coupled, which physi-
cally hinders the luer lock connection between the syringe tip 
and catheter adapter, denying the flow-path towards the cathe-
ter injection-port. 
 In order to realize this, we suggest the following design, as 
shown in Fig. 2. The syringe adapter is in shape of a cylinder 
with a key pattern, 2 mm in height, which is embossed at one 
end. The inner diameter of the syringe adapter is 9.8 mm for its 
slip fitting to the syringe tip. The wall thickness of the cylindrical 
syringe adapter is 1.9 mm, giving it an outer diameter of 13.6 

mm (Fig. 2A). The catheter adapter is in the shape of a cylindri-
cal barrel with a keyhole pattern, 2 mm in height, that is engrav-
ed at one end. To allow for the smooth slip insertion of the sy-
ringe adapter, the inner diameter of the catheter adapter is made 
to be 14.2 mm, which is slightly larger than the outer diameter 
of the syringe adapter (13.6 mm). The outer diameter of the cath-
eter adapter is 22 mm, which includes the keyhole pattern hei-
ght and wall thickness. When a key and keyhole match, the cath-
eter adapter allows for seamless fitting to the syringe tip and thus, 
a female luer lock copied from the catheter injection-port is pre-
pared at the end. At the opposing end, a male luer lock copied 

Fig. 1. Safety injection system. (A) Detailed schematic of safety injection system and 
(B) operational schematic of safety injection system.
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from the syringe tip is prepared to be fitted to the catheter injec-
tion-port (Fig. 2B).
 Each adapter includes a safety gap (2.5 mm) made at the end 
where the key and keyhole patterns are present (Fig. 2A and 
2B). This feature allows the male luer lock of the syringe tip and 
the female luer lock of the catheter adapter to remain 5 mm 
apart, even when a forceful attempt is made to connect a mis-
matching pair of adapters. This safety gap denies a flow-path to 
be made between the syringe and the catheter injection-port. 
Yet, when the key and keyhole patterns match, the syringe adapt-
er can easily be slipped into the catheter adapter, allowing the 
syringe tip to screw into the female luer lock made in the cathe-
ter adapter (Fig. 2C).

3D scanning of syringe tip and catheter injection-port
In this work, we designed the syringe adapter to be connected 

to the syringe tip via a simple slip fitting. The syringe adapter 
was designed in the shape of a cylinder, having an inner diame-
ter similar to the outer diameter of the syringe tip (Fig. 3). Yet, in 
the case of the catheter adapter, accurate shapes and dimen-
sions were needed for the luer locks of the syringe tip and the 
catheter injection-port. To accomplish this, we imaged both the 
luer locks of the syringe tip and the catheter injection-port us-
ing a 3D scanner (Ultra HD, NextEngine, Inc., Santa Monica, 
CA, USA). In order to scan the inside of the syringe tip, the tip 
was first cut to expose its cross-section, showing the internal 
thread and slip tip (Fig. 4A). During scanning, the syringe tip 
and catheter injection-port were each placed on a turntable to 
be rotated 360° in front of the scanner. The scanned images ob-
tained at each of the rotating angles, in 10° increments, were 
stacked to reconstruct the 3D contour of the object. The images 
were then post-processed using Autodesk Meshmixer (Auto-
desk, Mill Valley, CA, USA) and Meshlab (Slashdot Media, La 
Jolla, CA, USA) (Fig. 4B). The resulting images were exported in 
stereolithography file format (.stl) and imported into SolidWorks 
(Dassault Système SOLIDWORKS, Waltham, MA, USA). 
 We then measured the dimensions of each part of the syringe 
tip and catheter injection-port referenced from the scanned 
images. For the internal thread of the syringe tip, the outer di-
ameter, height, lead and thread thickness were measured (Fig. 
4C). For the slip tip, the height and outer diameters of the top 
and bottom were measured. For the catheter injection-port, the 
height, lead, inner diameters of the top and bottom, and thick-
nesses of the head and thread were measured (Fig. 4C). Based 
on those dimensions, we reconstructed the 3D models of the 
syringe tip and catheter injection-port, as shown in Fig. 4D, which 

Fig. 2. Adapter design for safety injection system. (A) A syringe adapter, (B) a catheter 
adapter, and (C) their connections under the matching and mismatching conditions.
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were then combined to make a model for the catheter adapter, 
as shown in Fig. 4E. 

Pattern and code generation for key and keyhole
Fig. 5 depicts the strategy used to generate a specific shape pat-
tern for the key and keyhole pairs. To construct the key shape 
pattern, we first generated a specific code based on three dis-

tinct criteria: region, position, and shape. For the region code, 
we divided the periphery of the circular end of the adapter into 
three regions of equal lengths from the location of the reference 
tooth (Fig. 5A). At each region, we located ten distinct, equally 
spaced positions to generate the position codes from 0 to 9 (Fig. 
5B). At each position, a tooth was placed having one of three 
distinct shapes, i.e., the right-skewed, isosceles and left-skewed 

Fig. 4. Design of the catheter adapter. (A) Optical images of the syringe tip and catheter injection-port, and their corresponding (B) 3D-scanned images and (C) re-drawn cross-
section images showing the measured dimensions. (D) 3D-reconstructed images obtained with the syringe tip and catheter injection-port. (E) 3D model of the catheter adapter.
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triangles representing the shape codes of R, M, and L, respec-
tively (Fig. 5C). 
 As shown in the example key pattern (Fig. 5D), the code was 
composed of six discrete digits, where the first, middle and last 
two digits each represented the codes from regions 1, 2, and 3, 
respectively. For each two-digit code, the first and last digits rep-
resent the position and shape of the tooth, respectively. The key 
and keyhole patterns were then embedded into the 3D models 
of the syringe and catheter adapters, respectively. Fig. 5E shows 
an example of the final 3D models of the syringe and catheter 
adapters containing the key and keyhole patterns, respectively. 
In order to be matched via a serial connection, a keyhole pattern 
for the catheter adapter was prepared by using a mirror image 
of the key pattern for the syringe adapter. 

Adapter fabrication 
The final 3D models of the adapters were converted to a stereo-
lithography file format, and imported to a Polyjet 3D printer 

(Projet® 3510 SD, 3D Systems, Valencia, CA, USA). For efficient 
production, multiple adapters were integrated into a single file 
(Supplementary Fig. 1). We used Visijet M3 Crystal® (3D Sys-
tems) as the composing material, which is known to be highly 
biocompatible (USP class VI) (27,28).

RESULTS

Adapter characterizations
Using the scheme for code generation presented in this study, 
there could be 27,000 distinct combinations of adapter pairs;
 Nu mber of combinations = (number of position × number 

of shape)number of region = (10 × 3)3 = 27,000
 Among those possible combinations, Fig. 6 shows 36 differ-
ent adapter pairs prepared in this work. The total time for their 
fabrication was 3.5 hours. Fig. 7A and 7B show the 3D models 
and their corresponding optical images of one of the adapter 
pairs herein (code: 6R2L9M), respectively. The products were 

Fig. 5. Scheme for pattern and code generation. (A) Region code: three regions are assigned through the periphery of the circular end of the adapter. (B) Position code: ten dis-
tinct positions are assigned in each region. (C) Shape code: three distinct shapes of a tooth are assigned to be located in each position. (D) Example pattern and its correspond-
ing code in the syringe adapter. (E) Example matching patterns formed in the syringe and catheter adapters.
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fabricated following the models without noticeable defects, par-
ticularly in the cross-section of the catheter adapter, where the 
male and female luer locks were seen to be properly formed. In 
addition, it should be noted that the critical dimensions of the 
constituents, such as the lead and thread, were retained as con-
structed in the 3D models. This supports the case that the adapt-
ers could be accurately assembled with the syringe tip and cath-
eter injection-port employed in this study with no noticeable 
hindrance or fracture (Fig. 7C).

Performance of the safety injection system
In order to assess the performance of the safety injection sys-
tem proposed herein, we first used a matching pair of syringe 
and catheter adapters, where the code, 6R2L9M, was simply 
employed as an example (Fig. 8A). The adapters were first as-
sembled with a syringe tip and catheter injection-port, and the 
connection of both adapters was attempted as shown in Fig. 
1B. According to our observations, the matching key and key-
hole patterns allowed for the syringe adapter to advance for-
ward through the 5 mm safety gap, so that the syringe tip could 
be screwed into the male luer lock formed in the catheter adapt-
er, as depicted in Fig. 2C. To implement the scenario of the mis-
matched pair, we used syringe and catheter adapters with dif-
fering codes: the syringe adapter with the code, 4L5L6R and the 
catheter adapter with the code, 6R2L9M (Fig. 8A). In this exem-
plary case, when the connection of both adapters was attempt-
ed, the syringe adapter could not be inserted into the catheter 
adapter and thus, due to the presence of the safety gap, the sy-
ringe tip could not approach the male luer lock in the catheter 
adapter (Fig. 2C). To further confirm this rejection scenario, we 
also tested the example of the mismatched pair with the only 
difference in shape of a single tooth. For this, we prepared the 

Fig. 6

Fig. 6. Adapter pairs of 36 distinct codes prepared in this study.

syringe adapter with the code, 4L5L6M and the catheter adapt-
er with the code, 4L5L6R. Our result revealed that with this ex-
treme condition again, the pairs could not be properly connect-
ed (Fig. 8A).
 To simulate the medication injection, the syringe was filled 
with an aqueous dye solution (fluorescein), which was injected 
under both matching and mismatching conditions (Fig. 8B). 
For the matching pairs of the adapters, it was observed that the 
solution could be transferred into the catheter without any ap-
parent leak. On the other hand, when the adapter pairs mismat-
ched and the connection was not made, the solution leaked 
into the gap between the two adapters and no solution was ob-
served in the catheter. This result suggested that even when the 

Fig. 7. Adapter characterizations. (A) 3D models and (B) their corresponding optical 
images of the example adapter pairs (code: 6R2L9M). (C) Assembly of the adapters 
with a syringe tip and catheter injection-port.
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injection was physically attempted by mistake, the medication 
could not be delivered into the catheter with the mismatching 
adapter pairs, and hence, prevention of Wrong-route or -patient 
medication errors was achieved.

DISCUSSION

Wrong-route or -patient medication errors have been consid-
ered a serious issue in clinical settings (1,4,10,15). Although 
many efforts have been made to mitigate these issues, errors 
from unintentional human mistakes have remained difficult to 
fully resolve with the suggested strategies, which are heavily 
based on education or visual aid to provide reassurance regard-
ing route and patient (2,15,18-21). In regards to human error, 
our system has an advantage over these other strategies, in that 
wrongful injections can be prevented and stopped at the source 
when the drug and route or patient mismatches. The adapters 
presented here can be prepared to possess a key and keyhole 
specific to the pair of medication and route or patient. In this 
way, a seamless connection and drug administration can be 
made only when the pair matches (Fig. 8). Under mismatching 

conditions, the medical staff can immediately recognize a pos-
sible error as the adapters cannot be smoothly connected. Even 
when injection is still attempted, the medication is leaked exces-
sively (Fig. 8B) and cannot be delivered into the catheter, which 
would be connected to the vein of the patient.
 To reduce the chances of a wrong-route medication error, a 
safety connector system had been introduced previously (29), 
which was designed to distinguish the difference between non-
luer and luer connections, using a smaller size syringe tip, nee-
dle hub and stylet nose than those of conventional luer systems. 
Thus, when there is a mismatch, the clinician could physically 
recognize the misconnect and massive leakage of medication 
induced by an attempt of injection. Albeit similar to our appro-
ach in some ways, this system is not able to distinguish a specif-
ic pair of medication and route or patient among many possible 
combinations as only size is a measure of distinction. 
 In this work, we propose a RP technique for production of 
specific keys and keyholes for the syringe and catheter adapt-
ers, respectively. We envision that, just like the generation of a 
barcode, a key pattern specific to a pair of medication and route 
or patient can be generated at the time of hospital admittance. 
Given this, multiple distinct adapter pairs for many patients can 
be fabricated in a reasonable period of time (hours) with rela-
tively low cost (Fig. 6) (23-25). At this state, any possible human 
errors can be minimized as the key and keyhole patterns can be 
generated electronically and this system can interwork together 
with the RP technique. However, the on-site production of the 
adapters may not be always necessary, as the hospital may al-
ready be equipped with many pre-made adapters, each possess-
ing a distinct key and keyhole pattern. In this scenario, however, 
a strategy is needed to avoid the overlapped use of the same adap-
ter pair among many different pairs of the medication and route 
or patient.
 Our idea can be applied across many different clinical set-
tings using syringes. The system can be specified for a patient to 
prevent the mistaken administration of a medicine to a differ-
ent patient. Our system can also be used to differentiate the spe-
cific route of injection. For example, the system can be applied 
to an arterial line which is rarely used for injection of medicine. 
The syringe adapter can be used for enteral nutrients or enteral 
medicines. Therefore, we can prevent intravenous injection of 
enteral nutrients or enteral medicines into the venous system. 
An issue with the clinical application of our system may be add-
ed cost and the inconvenience of injection. However, we believe 
these issues pale in comparison to the overall improvement in 
patient safety and the use of adapter applied prefilled syringes.
 In conclusion, we suggest a safety syringe system based on 
adapters that are equipped with key and keyhole patterns that 
are specifically assigned to the pair of drug and route or patient. 
The adapters can be connected to the syringe and catheter in-
jection-port and thus, a seamless flow-path for injected liquid 

Fig. 8. Performance of the safety injection system. (A) Connections of the adapters 
under the matching and mismatching conditions and (B) liquid injection under the 
matching and mismatching conditions.
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can be formed only when the key and keyhole patterns of the 
adapter pair match to form a secure connection. Like generat-
ing random numbers, thousands of matching patterns of key 
and keyhole can be generated with the strategy proposed here-
in. Therefore, we conclude that the safety injection system with 
the adapters herein has the potential to prevent wrong-route or 
-patient medication errors, and potentially save lives. 
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Supplementary Fig. 1. Multiple 3D models of the distinct pairs of the adapters integrated in a single file.
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