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[Abstract] Objective To investigate the learning curve for ultrasound-guided totally implantable
venous access port placement via the axillary vein. Methods  The clinical data of 38 consecutive
ultrasound-guided axillary venous port placement procedures performed by the same beginner between
October 2024 and November 2025 were prospectively collected. The operation time was used as an
observation indicator. The cumulative sum (CUSUM) analysis method was used to construct a learning
curve,and the turning point of the learning curve was identified, based on which the learning curve was
divided into a learning stage and a proficiency stage. The baseline data, operation time, and incidence of
complications were compared between the patients of two stages. Results All procedures were
successfully accomplished. The operation time became gradually shorter with the increase of the number

of performed cases,and the turning point of the learning curve appeared in the 19th case. From this, it
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could be seen that completing operations of 1-19 cases could be defined as the learning stage, while
completing operations of 20-38 cases could be defined as the proficiency stage. The difference in patients’
baseline data between the two stages was not statistically significant (P>>0. 05). The mean operation time
during the proficient stage was (24. 0 2, 96) minutes, which was significantly shorter than (31. 47 *
3. 66) minutes during the learning stage (P<C0. 05). During the learning stage. complications included
catheter tip adhesion (n = 2), subcutaneous hematoma around the implanted object (7 = 2), and non-
standardized aseptic procedures (n = 5). During the proficiency stage, one patient experienced catheter
rotation and retraction, resulting in bend and blockage of the catheter. In both stages, no serious
complications such as thrombosis, hemothorax, pneumothorax, venous thrombosis, infection, etc.
occurred. Conclusion  The use of CUSUM analysis can objectively quantify the learning curve for
ultrasound-guided axillary venous port placement. A beginner operator requires to perform approximately
19 ultrasound-guided axillary venous port placement procedures before his or her surgical skills can reach
the proficient stage level. The ultrasound-guided axillary venous port placement has satisfactory safety

and repeatability. Systematic standardized training can help beginners smoothly pass through the learning
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stage.
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curve;cumulative sum analysis

SEAFH A U H K HE (totally implantable venous
access port, TIVAP) b5 B A< 31 & ik iy vl 14 H & 4R
Bt — bz 4 Hon] S AY DK G I = B0 BB Bt
PE. Bl S HOR N W O H B Y S I R A
P B O R E A S TR e
Jok 25 A0 B AR T TS AH AT AR G Y BT I S S
DK o R Ik 2 TR g A AT R M S T B
)ik 70 2 D0 A o ) A A8 R A X M IS ) 2 3 HE 4, R
REAR AN | A R BEL 25 5 F 55 0 A 0E 19 R A =2 A
WA G R A 0 1 T 5 . A RO o,
T TG I CEE R B B R R e B R R T
— IR A 2F I (cumulative sum, CUSUM) 43 #ri&
PO BIF 5T 2R WY 4] 27 2 AL B 2 B 4R R 7S 5 | R U
SRR MR 2 29 GIERAEIZR . 0 E §i e
B S M E Ik TIVAP R A AR 2 2 i £ 5F
5% . KL, AR R H CUSUM 43 #r i % 7] — {7
WIF AT A 5 S A MK TIVAP AR B 2% 2]
M2 SEAT IRV 70 S I R R IS AL B I e 4
T 4R B AR

1 BBE5RHE
L1 IR

AW FY BTG MU AR 2024 4F 10 B & 2025 4F 11
JI T 7 A g = Bk K B g 7 M T B B ph [] — 5 4] 2%
HCHF— LB IT 48 5, B % 48 A G B8 i, oSt
PR 0 (0 2D 7 22 58 iR 38 I (AR 19~73 %,
B 23 . Lt 15 f1) & 5] S 2 Er Bk

TIVAP H AR EH WG IRGER . g8 AbsiE: D5
F K AR A A 22, T A B TA) 2 32 B IR T 5 O TR R
W ABERBEAY, WIT AW N E R,
HEBR AR M - © 4= B 5 F AR FE AL Gy s @ BE 1T 78 B
15 s QF AR 32 s D%y W s OBt B, A 9% 248
A e PR 2 B 1 N T S B A B 22 61 2% o AL B
(2025LWB627) , it 7 (35 ¥ 2 F g Rl i 45 .
1.2 {55

X HE B Mindray Resona 8 ¥ {0, £ 3% & #8 =
WL P2 BRIk (B % 8~12 MH2) . it A F
AREAESH LR 5 LR 5] S8 . 8 BOFEM
AR & e Ab . A 2R B R Sk (B R 5 ~
12 MHz) T8i8 T 5 #4788 U 0 49 45, 35 7 98 R
H K R AT B R B IR o AR UE YR b S S AR R
(N I TNy 85 3 € A s N A S RS e R VA
WS Wk mr . w6 B bR A S R T 2 R
HOR AE AT E T 2051 S R K
[ i e Sk ot DA 2 T . T AR IR R A AR T 5
] B4R P 5 2 Ak
1.3 WMEEEH

W AR B VN AR L B R AR AL B AR A
E(BMD | 5 R0 AR T 7 I 4 R Dk B AR 5 IR
JEE Bz Ik 2 1t A i e o ) L B A IR P R B
P, R TFARNK ONEREREIF G 2 T R0
BT JHE KR KA R L) # TIVAP A5 A L
R AR JG I KA CELFE I/ o SR |5 A AH Ol
e CRE AL/ M TE U R B /AR U DL K T i



— 1040 —

AT 2% 35 2026 4F 09 %5 35 %45 09 ] ] Intervent Radiol 2026, Vol. 35,No. 09

P R R B D I UL W A bk B LA TSGR . Sk R o R B
B A% 5 SR JH S 1 P A A 1 I KA

Ultrasound shows a transverse view of the infraclavicular fossa,the

axillary vein and its anatomical relationships. The arrow indicates
the needle path,directed toward the lumen of the axillary vein using

the in-plane technique
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Figure 1 Intraoperative ultrasound image of axillary vein

puncture under ultrasound guidance
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Table 2 Comparison of perioperative conditions in 38 patients with totally implantable venous access ports
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the arrow indicates that the infusion port catheter has retracted

subcutaneously . resulting in kinking and twisting
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Figure 4 Posteroanterior chest radiograph after

implantable port placement
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