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Purpose: This study aims to ascertain the median effective time (ET50) and the 95% effective time (ET95) of EMLA cream and
tetracaine hydrochloride gel for analgesia during non-coring needle insertion into totally implantable venous access devices (TIVADs).
Patients and Methods: Participants were randomly assigned to either Group E, receiving 2g of EMLA cream, or Group T, receiving
1g of tetracaine hydrochloride gel. Prior to needle insertion, the topical anesthetic was uniformly applied to a 1 cm radius around the
puncture site. The initial target application time was set at 60 minutes for Group E and 30 minutes for Group T. For each subsequent
participant, the target time was adjusted using a 1:1.1-time gradient, based on the Numeric Rating Scale (NRS) score of the preceding
participant. Baseline characteristics, NRS scores, and adverse reactions were documented by a researcher who was not involved in the
needle insertion process. The probit analysis method was employed to determine the ET50 and ET95 values.

Results: The ET50 and ET95 of patients to achieve painless non-coring needle insertion with EMLA cream were 55.882 minutes
(95% Confidence Interval [CI]: 51.369-59.935 minutes) and 63.587 minutes (95% CI: 59.684-92.592 minutes), respectively. In
comparison, the ET50 and ET95 for tetracaine hydrochloride gel were 39.092 minutes (95% CI: 36.646—41.678 minutes) and
43.388 minutes (95% CI: 41.111-56.859 minutes), respectively. There was no statistically significant difference between the two
groups regarding the incidence of mild and serious adverse reactions.

Conclusion: Application of EMLA cream for 64 minutes or tetracaine gel for 44 minutes at the site of TIVADs resulted in a safely

conducted, painless non-coring needle puncture for 95% of patients.

Plain Language Summary: While totally implantable venous access ports (TIVADs) have significantly improved the comfort and safety
of infusion therapy for cancer patients, patients still commonly experience pain from non-coring needle insertion prior to treatment. Topical
anesthesia with local anesthetics can effectively reduce this puncture-related pain, yet the optimal application time remains undetermined. In
this study, the researchers applied EMLA cream and tetracaine gel were applied to alleviate such pain. Using the up-and-down method and
probit analysis, they estimated the median effective time (ET50) and the 95% effective time (ET95) for both anesthetics. The results show
that 95% of patients had a safe, painless port needle puncture using either EMLA cream for 64 minutes or tetracaine gel for 44 minutes.

Keywords: lidocaine and prilocaine cream, tetracaine hydrochloride gel, topical anesthesia, effective time, PORT

Introduction
In recent years, the extensive adoption of totally implantable venous access devices (TIVADs), commonly referred to as
PORTs, has conferred substantial benefits to patients necessitating long-term, recurrent intravenous drug therapy.'~
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Compared with peripherally inserted central catheters (PICCs) and central venous catheters, TIVADs demonstrate
reduced overall complication rates, diminished incidences of removal due to complications, and decreased rates of
thrombosis. TIVADs not only ensure a high degree of safety but also eliminate externally exposed components, thereby
enhancing aesthetic appeal, bolstering patient confidence, and improving convenience in daily life. Despite these
advantages, the maintenance and utilization of TIVADs necessitate repeated non-coring needle insertions, which
frequently result in patient discomfort and provoke anxiety and fear.’ Consequently, it is imperative to address and
mitigate the pain associated with non-coring needle insertions.

The application of topical anesthetics serves as an effective method for pain relief, characterized by minimal
discomfort.* The EMLA cream, an emulsion in which the oil phase is a eutectic mixture of 2.5% lidocaine and 2.5%
prilocaine, represents the earliest and most extensively utilized formulation, albeit requiring 60—120 minutes to achieve
satisfactory analgesia.” Research suggests that tetracaine hydrochloride gel, another frequently employed agent, demon-
strates a slightly more rapid onset.®’ To date, no studies have explored the time to 50% efficacy (ET50) and time to 95%
efficacy (ET95) of topical anesthetics for pain relief in non-coring needle insertion. Thus, in order to assess the efficacy
and safety of EMLA cream and tetracaine gel used in non-coring needle insertion over TIVAD, this study aims to
determine the median and 95% effective time of topical anesthetics and observe related adverse reactions.

Materials and Methods

Ethics Statement

This study was approved by the Ethics Committee of the Second Affiliated Hospital of Naval Medical University
(Approval No. 2024SL160) and was registered with the China Clinical Trial Registry (Registration No.
ChiCTR2500099576). Data collection for this trial took place at the ambulatory ward of the Second Affiliated
Hospital of Naval Medical University from March to May 2025.

Participants and Inclusion Criteria

The inclusion criteria comprised patients undergoing non-coring needle insertion over TIVADs at our center during the
study period, who were aged 18 years or older at the time of providing informed consent. The exclusion criteria included
individuals with allergies to local anesthetics, contraindications to local anesthetics, long-term use of analgesic drugs,
neurological or psychiatric disorders (such as aphasia or epilepsy), and those using medications that may affect the
metabolism of local anesthetics. Withdrawal criteria encompassed the occurrence of serious adverse reactions, the
investigator’s decision to terminate the study for safety reasons, and voluntary withdrawal by the participants.

Fundamental Theory

This study utilized the modified sequential method of Dixon-Mood, a technique frequently employed in medical research
to investigate the 50% effective doses, concentrations, or volumes for intravenous or perineural drug administration.®’
We hypothesize that the transdermal absorption rate of both investigational drugs increases linearly with the duration of
use, a relationship that has been previously established in vitro and in animal studies in some topical anesthetics.'®'?
Since the transdermal absorption of both topical anesthetics cannot be precisely quantified, we explored the relationship

between duration of use—rather than dose—and analgesic efficacy.

Study Protocol

Patients were randomly assigned to either Group E (EMLA cream 2g) or Group T (tetracaine hydrochloride gel 1g) and
were sequentially numbered from ‘17 to “n” within each group. Operational process diagram was shown in Figure 1. All
port sites were located on the chest wall. Prior to the puncture, topical anesthetics were uniformly applied to a 1 cm
radius of the skin around the puncture site. After the designated application period, the drug was removed, and a sterile
puncture was immediately performed by the same experienced nurse using a 22G non-coring needle.(Figure 1) Pain
levels were evaluated using an 11-point verbal numeric rating scale (NRS) within 5 minutes post-puncture, where 0

represented “No pain” and 10 represented “Worst imaginable pain”.'* Subjects were continuously monitored for changes
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Figure | Operation Flow Diagram. (A) Skin condition prior to procedure. (B) Apply the prescribed dosage of medication above the puncture site. (C) Spread evenly into
a circle approximately | cm in diameter and cover with a protective dressing. (D) Remove medication and disinfect skin. (E) Conduct the puncture using a non-traumatic
needle.

in local skin conditions (such as pallor, erythema, edema, or rash) and local sensory abnormalities (such as alterations in
temperature sensation or pruritus) following the administration of the anesthetics. In case of serious adverse reactions,
such as systemic allergic reactions or toxic responses, routine symptomatic management or emergency resuscitation was
administered. In such cases, the patient met the exit criteria, and their designated application time was transferred to the
next enrolled patient.

Setting of Target Time and Termination

The target time for the nth patient is defined as t,,, and the target time gradient ratio is set to 1.1, meaning it satisfies either
to/tar1=1.1 or t,+/tn=1.1. The initial time, t;, was set according to Taddio’s s‘fudy,6 60 minutes for group E and 30 minutes
for group T.

The target time for each subsequent patient increased or decreased based on the previous patient’s NRS score. If the
nth patient experiences no pain (NRS = 0), the target time for the n + 1st patient is t,.1) =t, / 1.1; Conversely, if the nth
patient experiences pain (NRS > 0), the target time for the n + Ist patient is ty1) = t, * 1.1. Sequential graphs were
plotted based on pain response and target time for each patient. Statistical analyses were performed when seven folds
were reached in each group, at which point the study concluded.®

Data Collection

The study data were independently recorded by a researcher distinct from the puncture nurse. Baseline characteristics
encompassed patients’ diagnosis, sex, age, height, and weight. The primary outcomes assessed were ET50, ET95, and
their confidence intervals (Cls) for the efficacy of EMLA cream or tetracaine hydrochloride gel in rendering non-coring
needle insertion painless. Secondary outcomes included patients” NRS scores; mild adverse reactions, such as pallor,
erythema, edema, rash, alterations in temperature sensation, and pruritus of the skin; and serious adverse reactions,
including systemic allergic and toxic reactions.

Statistical Analysis

Statistical analyses were conducted using SPSS (version 26.0) and R software (version 4.4.2). The Shapiro—Wilk test was
employed to assess the normality of the data distribution. Data following a normal distribution were reported as mean =+
standard deviation, with t-tests used for intergroup comparisons. Data not following a normal distribution were presented
as median (interquartile range), with Mann—Whitney U-tests employed for intergroup comparisons. Categorical data were
expressed as numerical values (percentages), and chi-square tests or Fisher’s exact probability method were utilized for
intergroup comparisons. Statistical significance was determined at a threshold of P < 0.05. The Probit analysis method
was employed to estimate the median effective time and the 95% effective time for topical anesthetics to achieve painless
non-coring needle insertion over TIVADs. The effective time (ET) of EMLA/ tetracaine is established through the Dixon
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up-and-down method, with time-response data analyzed via probit regression. Regression coefficients are calculated
using regression analysis to estimate the effective time value on the linear probit regression plot, thereby creating a time—
response curve for EMLA/ tetracaine. The sequential formula and probit regression model were used to calculate ET50,
and ET95 was determined using the probit regression model.

Results
Study Characteristics

Group E enrolled a total of 26 patients, whereas Group T enrolled 25 patients. Baseline characteristics are detailed in
Table 1. There were no statistically significant differences between the two groups regarding baseline characteristics
(p>0.05), including gender, age, height, weight, BMI, and diagnosis. The average age of the patients was 65.8 £ 9.14
years, and the mean BMI was 22.8 + 2.45 kg/m>. All participants were diagnosed with either myeloma or lymphoma,
with no significant differences in the distribution of these diagnoses between the groups.

ET50 and ET95 for EMLA Cream or Tetracaine Hydrochloride Gel

Sequential plots illustrating the time-pain response to topical anesthetics following non-coring needle insertion were
generated, considering both the duration of anesthetic application and the corresponding pain response in each patient
(Figures 2 and 3). A probit regression linear model was employed to fit the time-effect curves for the topical anesthetics
(Figures 4 and 5). The estimated times for 50% and 95% effectiveness (ET50 and ET95) of EMLA cream in rendering
non-coring needle insertion painless were 55.882 minutes (95% CI: 51.369-59.935 minutes) and 63.587 minutes (95%
CI: 59.684-92.592 minutes), respectively. In comparison, the ET50 and ET95 for tetracaine hydrochloride gel were
39.092 minutes (95% CI: 36.646—41.678 minutes) and 43.388 minutes (95% CI: 41.111-56.859 minutes), respectively.

NRS Scores

Detailed NRS scores for both groups are shown in Tables 2 and 3. All patients experienced no pain or mild pain.

Adverse Reactions

There was no significant between-group difference in the incidence of mild adverse reactions (pallor, erythema, edema,
rash, alteration in temperature sensation, and pruritus of the skin) between the two groups (Table 4). No systemic allergic
or toxic reactions were reported in either group (0/26 vs 0/25).

Discussion

TIVADs has many benefits over PICC lines, so it is becoming the preferred choice for patients requiring long-term or
repeated intravenous therapy, such as chemotherapy, total parenteral nutrition (TPN), blood product administration, or
frequent blood sampling, particularly those with malignancies undergoing prolonged treatment. The use of TIVADs

Table | Baseline Characteristics

Variables Overall (N=51) | EMLA Cream (N=26) | Tetracaine Gel (N=25) | P-value
Sex, n (%) 0.301
Female 31 (60.8) 14 (53.8) 17 (68.0)
Male 20 (39.2) 12 (46.2) 8 (32.0)
Age (y), Mean £ SD 658 £ 9.14 678 £ 104 63.7 £7.20 0.1'3
Height (cm), Mean £ SD | 163 +7.22 165 + 6.27 161 +7.79 0.070
Weight (kg), Mean + SD | 60.6 + 8.09 60.8 + 8.14 60.4 + 8.21 0.873
BMI (kg/m?), Mean + SD | 228 + 2.45 223 +£2.19 233 £ 264 0.173
Diagnostic 0.931
Lymphomas 14 (27.5) 7 (26.9) 7 (28.0)
Myeloma 37 (72.5) 19 (73.1) 18 (72.0)
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Figure 2 Sequential graph of EMLA cream.
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Figure 3 Sequential graph of tetracaine hydrochloride gel.

offers convenience to patients, while still accompanied by a certain degree of puncture pain. Research indicates that the
incidence of mild and moderate to severe pain associated with non-coring needle insertion is 67.5% and 37.9%,
respectively, with a mean Visual Analog Scale (VAS) score up to 3.91£1.35."* Both EMLA cream and tetracaine
hydrochloride gel have been demonstrated to effectively alleviate this pain;'> however, the relationship between
application duration and the analgesic efficacy of these agents remains unclear. This study is the first to investigate the
time-effect relationship of topical anesthetics using a sequential approach, which minimizes patient exposure to
suboptimal interventions and requires a smaller sample size.'®

No significant differences were observed in the baseline characteristics between the two groups. Furthermore, the
degree of puncture pain may be influenced by factors such as needle size, insertion site, and tip penetration force. To
minimize potential bias, all patients in our study were punctured by the same experienced nurse using a 22-gauge non-
coring needle, with the infusion ports positioned in the anterior thorax of the patients. The assessment of procedural pain
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Figure 5 Fitted time-effect curve for tetracaine hydrochloride gel.
from needle-based interventions relies inherently on subjective patient-reported outcomes. Although mild pain (NRS
scores 1-3) is often deemed acceptable, the discrimination between a score of 3 (mild) and 4 (moderate) is frequently

inconsistent in practice. This ambiguity compromises the reliability of such intermediate values as robust study
endpoints.'” To enhance objectivity, we defined the primary endpoint as a complete absence of pain (NRS=0). This

Table 2 NRS in Group E

Length of NRS=0 | NRs=I NRS=2 | NRS=3
Time (N=14) | (N=8) (N=4) (N=0)
50min 0 4 [ 0
55min 7 2 2 0
60min 5 2 [ 0
66min 2 0 0 0
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Table 3 NRS in Group T

Length of NRS=0 | NRS=I | NRS=2 | NRS=3
Time (N=11) | (N=3) (N=6) (N=4)
30min 0 0 0 [

33min 0 0 | [

36min [ 2 4 [

40min 6 2 | [

44min 4 0 0 0

Table 4 Mild Adverse Reactions

EMLA Cream (N=26) | Tetracaine Gel (N=25) | P-value
Pallor | (3.8%) 0 (0%) |
Erythema 2 (7.7%) 2 (8.0%) |
Edema 0 (0%) | (4.0%) 0.490
Skin rash 0 (0%) 0 (0%) |
Alteration in temperature sensation 0 (0%) 0 (0%) |
Pruritus 0 (0%) | (4.0%) 0.490
Over all 3 (11.5) 4 (16.0%) 0.703

criterion provides an unambiguous, dichotomous measure, thereby improving reliability. Consequently, the analgesic
target time identified in our study maybe substantially longer than the time required to achieve merely an “acceptable”
level of pain (NRS <3).

Our findings demonstrate that tetracaine gel achieves effective analgesia in significantly less time than EMLA
cream for both 50% and 95% of patients (ET50: 56 minutes for EMLA vs 39 minutes for tetracaine; ET95:
64 minutes vs 43 minutes). The time-effect curve for EMLA in alleviating non-coring needle penetration pain
(Figure 4) exhibited a profile analogous to that reported in studies of EMLA for venipuncture analgesia,
indicating a minimum application time of 45 minutes in adults, with a 94% rate of successful analgesia attained
between 60 and 180 minutes.'® In contrast, a previous investigation assessing non-coring needle penetration pain
reported complete pain relief in only 1.5%, 35.3%, and 54% of patients receiving no EMLA, EMLA applied for
30 minutes, and EMLA applied for 60 minutes, respectively.'® Notably, the ET35 derived from our data was
54 minutes—substantially longer than the 30-minute application time associated with 35.3% pain relief in the
earlier study. This discrepancy may be attributable to differences in study population characteristics: the prior
study exclusively enrolled patients with previous needle puncture experience, whereas our cohort included both
naive and experienced patients. It is plausible that prior exposure to the procedure shapes preprocedural
anticipation of pain, potentially modulating pain perception and reported outcomes. The clinical evidence base
for tetracaine gel as analgesia during non-coring needle port access is currently confined to pediatric populations.
Although a prior study in children demonstrated comparable efficacy between tetracaine gel applied for 30 min-
utes and EMLA cream applied for 60 minutes (mean faces pain scale scores: 2.0 vs 1.5, p=0.09),'° data in adult
patients remain absent. This lack of adult data may reflect the gel’s cost and a prevailing assumption of high pain
tolerance in adults,” reducing the perceived need for intervention. Our study addresses this gap by providing
evidence for its application in adults.

In our study, mild adverse reactions to EMLA included pallor and erythema, whereas tetracaine gel was
associated with erythema, pruritus, and edema. No serious adverse reactions to EMLA were identified, likely due
to its low incidence, minimal dosage, and short duration of administration. Even with continuous application of
15 g of EMLA for four hours, no systemic allergic or toxic reactions were observed in healthy Chinese
subjects.” Similarly, our study did not identify any serious adverse reactions to tetracaine gel. Although the
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overall frequency of cutaneous adverse events is similar between the two treatments, study evidence suggests
divergent skin reactions: EMLA cream primarily causes skin blanching, while tetracaine gel more commonly
induces erythema.?'-**

Furthermore, the mean age of the study population exceeded 60 years, indicating that our findings may not be
applicable to pediatric populations. Nonetheless, the necessity for topical anesthetics is notably higher in children.
A study demonstrated that the mean VAS pain score for children decreased from 3.5 to 1.7 after 60 minutes of EMLA
application compared to 40 minutes.”® According to current clinical guidance, tetracaine-based creams are the suggested
first-line option in scenarios requiring rapid-onset analgesia for cannulation or puncture within a 30—45 minute window.
Conversely, for all other elective, non-emergent needle procedures in children, EMLA cream is recommended, with the
stipulation that it be applied for over 60 minutes as prescribed.’

This study has several limitations. Firstly, an intraindividual, comparative trial, akin to the methodology employed by
Junputipong et al** might have been more advantageous; however, this approach was not adopted due to uncertainties
regarding patient attendance. Secondly, the study’s sample size was limited, which may not adequately capture the
incidence of rare adverse reactions. Thirdly, the experimental design adopted in this study essentially limits the feasibility
of intergroup comparisons. Consequently, a study with a larger sample size is warranted to comprehensively assess the
safety profile of both drugs.

Additionally, the duration required for topical anesthetics to achieve effective analgesia remains prolonged. There are
numerous strategies worth investigating to reduce this duration. Accelerating transdermal anesthetic rates through
methods such as heating,”> ultrasound-driven,?® or microneedle technology.?” Alternatively, synergistic analgesic tech-

30

niques, including the Valsalva maneuver,* cold therapy,'**® distraction?® and aromatherapy,®® could be employed in

combination.

Conclusion
Using either EMLA cream for 64 minutes or tetracaine gel for 44 minutes at the TIVADs site for a non-coring needle
puncture resulted in a safely conducted, painless procedure for 95% of patients.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the Xin Jiang and Hongbin Yuan upon
reasonable request.
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obtained from all participants, or, when applicable, from their legal representatives.
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