
www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(5):280-287. 280

Catheter tips are a possible resource for biological study on 
catheter failure

Toshiaki Takahashi1, Takeo Minematsu2,3, Ryoko Murayama3,4, Gojiro Nakagami3,5, 
Taketoshi Mori1,3, Hiromi Sanada3,5,*

1 Department of Life Support Technology (Molten), Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
2 Department of Skincare Science, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
3 Division of Care Innovation, Global Nursing Research Center, Graduate School of Medicine, The University of Tokyo, Tokyo, 

Japan;
4 Department of Advanced Nursing Technology, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
5 Department of Gerontological Nursing/Wound Care Management, Graduate School of Medicine, The University of Tokyo, Tokyo, 

Japan.

1. Introduction

Peripheral catheters are commonly used for the 
administration of fluids and medications. A recent 
study reported that more than 70% of all patients in 

acute care hospitals use peripheral intravenous catheters 
(PIVCs) (1,2). In addition, more than 30% of PIVCs are 
reportedly removed for unplanned reasons rather than 
replaced when clinically indicated, which is termed 
catheter failure (CF) (3,4). Peripheral intravenous CF 
is a generic term used to refer to local complications 
associated with PIVCs, such as phlebitis and infiltration 
(5-7). CF is associated with clinical signs and 
symptoms, such as erythema, swelling, induration, 
bleeding and pain, and an insufficient infusion rate. 
CF negatively affects the patient's comfort and 
continuous fluid therapy. Catheter replacement, which 
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is unavoidable in CF, increases patient discomfort (8,9), 
labor costs, and the cost of medical resources (3,10-
14). For these reasons, it is important to prevent CF in 
PIVCs and to pay special attention to signs, symptoms, 
and changes in the infusion rate. 
	 The lack of effective preventive methods for CF may 
be due to insufficient investigation into the etiology of 
CF. Intravascular thrombus, subcutaneous edema, and 
catheter dislodgment have been previously discussed as 
possible etiologies of peripheral intravenous CF. Our 
previous study investigated the relationship between the 
etiology of CF confirmed by ultrasonography and the 
occurrence of peripheral intravenous CF (15). Notably, 
no catheter dislodgment was found among the cases of 
peripheral intravenous CF. On the other hand, thrombus 
with subcutaneous edema was found to be significantly 
related to the occurrence of peripheral intravenous CF.
	 In our previous study, we identified etiologies 
(dislodgment, thrombosis, and subcutaneous edema) 
by ultrasonography. Ultrasonography is useful to 
identify the structural changes at tissue or organ levels. 
However, it is very labor-intensive to perform an 
ultrasound examination just before removing a catheter 
at the bedside, especially difficult when doing at night 
or in situations where catheter removal is urgent. Here, 
instead, we wanted to focus on the removed catheter 
itself and to examine whether it is possible to clarify the 
condition of the blood vessels and surrounding tissue at 
the time of removal.
	 Therefore, we thought that we could explain the 
phenomenon of CF by the biological analysis of the 
removed catheter. With this new evaluation method, 
it would become possible to evaluate changes that are 
difficult to detect on the skin, and it may be possible 
to elucidate the causes of CF in detail and to evaluate 
the differences between varying devices and placement 
depths. Many studies have evaluated the status of 
catheter infection (16-19). For example, reports on 
the estimation of the infection route have been made 
by analyzing bacterial flora using next generation 
sequencing for the collected catheter (16). However, 
few studies have focused on the tissues and cells in the 
vicinity where the catheter is inserted.
	 Investigation at the cellular and molecular levels 
is essential for the development of an effective 
method to prevent CF. Here, we hypothesized that the 
cells, including erythrocytes, lymphocytes, vascular 
endothelial cells, and fibroblasts, attach to the inner and 
outer surfaces of the catheter, and they are a possible 
resource for molecular biological investigation. 
	 The purpose of this preliminary study was to 
show the possibility of cytological and molecular 
biological investigation of the catheter t ip by 
microscopic observation of the adhered host cells on 
the surface of the removed catheter tips and real-time 
reverse transcriptase polymerase chain reactions of 
housekeeping genes and genes related to inflammation 

and thrombosis. In this study, we searched for risk 
factors for the development of inflammation and 
coagulation, which are pathological conditions that can 
be clarified by biological analysis.

2. Materials and Methods

2.1. Study setting and participants

We recruited participants who had been admitted to 
a medical ward of a university hospital located in a 
metropolitan city in Japan who required PIVC for fluid 
therapy between January and June 2014. Any patients 
who received chemotherapy, were under 20 years 
of age, had a low cognitive level, or had an unstable 
physical condition were excluded. We repeatedly 
observed the patients who received PIVCs multiple 
times in order to include all PIVCs in this analysis. In 
this prospective observational study, we observed all 
PIVCs just before catheter removal. We defined PIVC 
with thrombus and subcutaneous edema detected on 
ultrasound and related to CF as "CF". We defined PIVC 
with no complications detected on ultrasound and no 
CF as "No-CF".

2.2. Data collection procedure

The patients' characteristics were collected either from 
medical records or from observations of the indwelling 
site before infusion therapy started. We asked the 
nurses to call us just before catheter removal. We then 
observed the signs and symptoms from macroscopic 
observation and observed the vessel lumen and 
surrounding tissues by ultrasound.

2.3. Investigation items

The researchers confirmed with the nurses the reasons 
for catheter removal. Accidental catheter removal was 
defined as CF. In this study, the ultrasound scanning 
technique was based on our previous study (20,21). The 
motion images were recorded on a hard disk attached 
to the ultrasound equipment (Noblus®; Hitachi Aloka 
Medical, Ltd., Tokyo, Japan), which included a linear-
array (5.0-18.0 MHz) transducer. The identifications 
of thrombus, subcutaneous edema, and catheter tip 
position on ultrasound images were performed by a 
certified sonographer with over 10 years of experience. 
The sonographer was blinded to the condition of the 
PIVC.
	 The definitions of thrombus and subcutaneous 
edema were based on those of our previous study 
(15,22). Intravenous thrombus was defined as a 
marked echogenic mass with an uneven surface. 
Final judgments were made using both transverse and 
longitudinal ultrasound images. Subcutaneous edema 
was defined by a homogeneous cobblestone appearance 
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evaluated as "quantified". Subsequently, qualitative 
analysis was conducted only in the quantified samples. 
Relative expression levels of target genes (TNF, 
IL1B, SERPINE1, and PLAT) were calculated by the 
comparative Ct method with the following formulas and 
the ΔΔCt values were used for the statistical analysis. 

       ΔCt = (Ct target gene – Ct18S rRNA)
       ΔΔCt = ΔCt – Average of ΔCt CF negative
       Relative expression level = 2(-ΔΔCt)

2.7. Statistical analyses

Results are presented as mean ± standard deviation. 
Statistical differences between the CF and No-CF 
groups were determined using Student's t-test or the 
rank sum test. For risk factor analysis, we compared CF 
with high gene expression (ΔΔCt > 1) of biomarkers 
and No-CF with low gene expression (ΔΔCt < 1) 
of biomarkers. A p value of < 0.05 was considered 
statistically significant. All statistical analyses were 
performed using STATA/SE 15.0 software (StataCorp 
LP, College Station, TX, USA). 

2.8. Ethical considerations

The study protocol was approved by the Research 
Ethics Committee of The University of Tokyo (#10348). 
Written informed consent was obtained from all 
patients or their proxies prior to participation in the 
study.

3. Results

3.1. Participants and PIVC characteristics

In this study, the researchers investigated 186 catheters 
using an ultrasonography device just before catheter 
removal. The study included 26 CF patients whose 
PIVC had thrombus with subcutaneous edema-
related CF and 30 No-CF patients whose PIVC had no 
complications. Thirty of the 56 participants were men. 
The patients' mean age (SD) was 69.1 (± 12.8) years, 
and the mean body mass index was 22.4 (± 3.5) kg/m2 
(Table 1).

3.2. Presence of adhered cells

HE staining showed the presence of adhered cells on 
the surface of the catheter tips. Erythrocytes, which 
have no nucleus, were stained only with eosin, and a 
double positive for hematoxylin and eosin revealed 
the presence of nucleated cells, such as white blood 
cells, endothelial cells, and fibroblasts. In all samples, 
a large number of erythrocytes and nucleated cells 
were observed only on the inner surface of the catheter 
tips. The morphology of the nucleated cells was round 

in the subcutaneous fat layer.

2.4. PIVC collection 

PIVCs removed by the medical staff were collected. 
All catheters used in the target ward were Sure Shield 
Surflow II® (Terumo Corp., Tokyo, Japan). The catheter 
material was Teflon®, and the length was 19-25 mm. 
PIVC tips removed by a nurse (or researcher) were cut 
off at the base of the catheter with scissors, immersed 
in 1 ml RNAlater® (Sigma-Aldrich Corp., MO, USA), 
and subsequently stored at -20℃.

2.5. HE Staining

The catheter tips were removed from the RNAlater and 
cut into two pieces longitudinally through the center 
of the tips. Both pieces of the catheter tip were placed 
in hematoxylin (Muto Pure Chemicals, Tokyo, Japan) 
for 2 minutes. Next, the pieces of the catheter were 
transferred to tap water and washed 5 times. Following 
incubation in hot water (55℃) for 10 minutes, the 
catheter pieces were transferred to eosin (Muto Pure 
Chemicals Corp. Tokyo, Japan) for 10 seconds. Finally, 
the catheter pieces were dehydrated with a series of 
ethanol washes (90%, 100%, 100%, and 100%), and 
stored in 100% ethanol. The pieces of the catheter tips 
were placed in a droplet of glycerin and observed with 
an optical microscope.

2.6. Real time reverse transcription polymerase chain 
reaction (real-time RT-PCR)

Total RNA was extracted using a RNeasy Plus Mini 
Kit (QIAGEN, Venlo, Netherlands). The pieces of 
the catheter tips were immersed in a lysis buffer and 
flushed repeatedly with a 25 G needle. Next, RNA was 
extracted according to the manufacturer's instructions. 
Reverse transcription was carried out by the TM100TM 
Thermal Cycler (Bio-Rad, Hercules, CA) and the High 
Capacity cDNA Reverse Transcription Kit (Thermo 
Fisher Scientific, Waltham, MA). Real-time RT-PCR 
was performed with a real-time PCR system (Agilent, 
Santa Clara, CA) and TaqMan Gene Expression assays 
(Thermo Fisher Scientific) for tumor necrosis factor α 
(TNF), interleukin-1β (IL1B), serpin family E member 
1 ((SERPINE1) plasminogen activator inhibitor 1), 
and tissue plasminogen activator (PLAT). IL1B and 
TNF were biomarkers for inflammation, and PLAT 
and SERPINE1 were biomarkers for thrombosis. As 
an internal standard, 18S ribosomal RNA (rRNA) was 
simultaneously amplified. Each reaction was performed 
in triplicate. 
	 At first, the amplifications were qualitatively 
evaluated. Samples showed typical amplification curves, 
and any cycle threshold (Ct) values were considered as 
"detected". Samples with Ct values of 35 or lower were 
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in shape, suggesting that they were white blood cells 
(Figure 1).

3.3. Expression analysis 

Expression of 18S rRNA, an internal standard, was 
examined by real-time RT-PCR. All samples showed 
the specific amplification curves and their Ct values 
less than 35. The median (interquartile) Ct value of 18S 
rRNA were 22.4 (19.7-24.5) and 24.5 (20.6-27.9) in CF 
and NO-CF groups, respectively (p = 0.06). 
	 The expression of target genes was qualitatively 
evaluated (Figure 2). The proportion of the detected 
samples for TNF, IL1B, SERPINE1, and PLAT was 

75% (42/56), 94.6% (53/56), 98.2% (55/56), and 19.6% 
(11/56), respectively. The proportion of the quantified 
samples for TNF, IL1B, SERPINE1, and PLAT was 
64.3% (36/56), 60.7% (34/56), 71.4% (40/56), and 7.1% 
(4/56), respectively.

3.4. Effects of the number of adhered cells on 
expression analysis

In order to confirm the effect of the number of adhered 
cells on the quantification of target gene expression, 
the number of adhered cells and the expression level of 
18S rRNA were compared between quantified and not 
quantified samples for TNF. The median (interquartile) 
numbers of adhered cells were 21.3 (19.7-23.2) and 
27.4 (25.3-29.0) in the quantified and the not quantified 
groups, respectively (p = 0.01). 

3.5. Comparison between the CF and No-CF groups

Tables 2 and 3 show the proportion of detected and 
quantified samples for the target genes, respectively. 
There was no significant difference in the proportion 
of detected samples for all genes between groups. The 
frequency of quantified samples was significantly high 
in IL1B and SERPINE1 and tended to be high in TNF 
in the CF group compared with those in the No-CF 
group. In other words, it suggests that whether a sample 
is quantified or not depends on the number of cells that 
can be collected. 
	 The expression levels of target genes only in the 
quantified samples were compared between the CF and 

Figure 1. Hematoxylin-eosin staining of catheter tips. A few, round, nucleated cells (arrowheads) were observed among many 
enucleated cells. Two catheters are represented: A and B are images of one catheter, and C and D are images of another catheter. 
In A and B, many red blood cell aggregates and some cells with nuclei are present; B is an enlarged image of the broken line 
portion of A. Panels C and D show some cells adhering to the lumen of the catheter.

Table 1. Participants and PIVC characteristics

Items

Age; years*
Sex 
BMI*
History of present illness 
    Neoplasms 
    Digestive system 
    Certain infectious 
Diabetes 
Anticoagulant drug use
Catheter size
    22G
    24G
Catheter anatomical site (forearm)
Catheter dwell time*

n = 30

(12.0)
(56.7)
(3.2)

(60.0)
(83.3)
(13.3)
(30.0)
(13.3)

(73.3)
(26.7)
(93.3)
(32.0)

No-CF

69.8
17

22.6

18
25
4
9
4

22
8
28

65.0

N (%), * mean (SD). BMI: body mass index; CF: catheter failure; 
PIVC: peripheral intravenous catheters. 

n = 26

(12.0)
(50.0)
(3.7)

(53.8)
(76.9)
(3.8)
(26.9)
(3.8)

(84.6)
(15.4)
(96.2)
(27.4)

CF

68.3
13

22.3

14
20
1
7
1

22
4
25

53.6
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No-CF groups (Figure 3). The –ΔΔCt values of TNF 
expression were 1.24 ± 0.60 in the CF group and 0.0 ± 

0.57 in the No-CF group (p = 0.15). The –ΔΔCt values 
of IL1B expression were 0.90 ± 0.73 in the CF group and 
0.0 ± 0.68 in the No-CF group (p = 0.39). The –ΔΔCt 
values of SERPINE1 expression were 2.18 ± 0.60 in the 
CF group and 0.0 ± 0.63 in the No-CF group (p < 0.01). 
The –ΔΔCt values of PLAT expression were -8.15 ± 
6.04 in the CF group and 0.0 ± 0.66 in the No-CF group. 
Statistical analysis was not performed because only two 
samples were confirmed the expression of PLAT. 
	 The risk factors for CF that have been identified in 
previous studies were compared between SERPINE1 
expression groups (Table 4). As a result, the catheter 
coming into contact with blood vessels during placement 
was suggested as a factor related to the high expression 
of SERPINE1 (p = 0.04) rather than any other patient 
characteristics.

4. Discussion

To the best of our knowledge, this is the first study to 

Figure 2. Amplification curve.

Table 3. The proportion of the quantified samples for 
target genes

Quantified

TNF
IL1B
SERPINE1
PLAT

CF 26 N (%)

  20 (76.9)
  20 (76.9)
  22 (84.6)
    2 (07.7)

No-CF 30 N (%)

  16 (53.3)
  14 (46.7)
  18 (60.0)
    2 (06.7)

CF: Catheter failure; TNF: tumor necrosis factor; IL1B: interleukin-1β; 
SERPINE1: serpin family E member 1; PLAT: plasminogen activator, 
tissue type. 

p value

0.066
0.021
0.042
0.882
χ2 test

Table 2. The proportion of the detected samples for target 
genes

Detected

TNF
IL1B
SERPINE1
PLAT

CF 26 N (%)

22 (84.6)
26 (100.0)
26 (100.0)
  6 (23.1)

No-CF 30 N (%)

20 (66.7)
27 (90.0)
29 (96.7)
  5 (16.7)

CF: Catheter failure; TNF: tumor necrosis factor; IL1B: interleukin-1β; 
SERPINE1: serpin family E member 1; PLAT: plasminogen activator, 
tissue type. 

p value

0.112
0.097
0.348
0.547
χ2 test

Figure 3. Comparison of expression levels of target genes 
between the catheter failure (CF) and No-CF groups. Data 
are presented as means ± Standard Division of –ΔΔCt. *p < 0.05.
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biologically analyze the extracted PIVC. Our results 
suggest that catheter tips are a potential resource for 
biological investigation, and expression analysis of the 
attached cells can reflect the pathological condition 
of the catheterized tissue. Further studies using 
catheter tips are required to elucidate the molecular 
mechanisms of CF. Furthermore, we performed an 
analysis of SERPINE1, which was related to CF. These 
results suggested that in cases with high expression of 
SERPINE1, the catheter may stimulate the blood vessel 
wall by coming in contact with it. Keeping this in mind 
could be useful when considering future CF precautions. 
	 There were three main findings from this study. The 
first finding was the presence of the attached human-
derived cells on the inside surface of the removed 
catheter tips. Prior research has reported that blood in 
the lumen of the catheter is coagulated at the catheter 
tip if there is no infusion (23). In particular, it has 
been shown that backflow of blood occurs owing to 
the locking procedure performed when the catheter 
use is interrupted (24-26). In the wards covered in this 
study, a needleless connector was used to connect the 
infusion tube, and a positive pressure heparin flush was 
performed at least once every 24 hours. Nevertheless, 
HE staining and the amplification of 18S rRNA indicated 
the adherence of abundant enucleated erythrocytes and 
nucleated cells on the inner surface of tips even in the 
No-CF catheters. 
	 Secondly, analysis of the cells attached to the 
removed catheter showed that SERPINE1 mRNA, 
which is an inhibitor of thrombus removal, was highly 
expressed in the CF group as compared to the No-
CF group. Although this mRNA may be derived from 
vascular endothelial cells, we believe that the most 
likely candidate may be derived from monocytes (27). 
SERPINE1 is expressed by various kinds of cells, 
including endothelial cells, monocytes, hepatocytes, 
granulosa cells, and vascular smooth muscle cells, and 

inhibits the activities of urinary-type and tissue-type 
plasminogen activators (28). Performing catheterization 
is foreign to the human body, and the coagulation 
reaction is caused by disturbance of all three factors 
of Virchow's triad (29). Especially in the distal end of 
the catheter, a fibrin sheath is formed. Erythrocytes 
and monocytes are entangled by the fibrin sheath, 
and thrombus is formed. In this study, the monocytes 
may express SERPINE1 and may inhibit thrombus 
removal and promote thrombus formation. A significant 
difference was not detected between IL1B and TNF, 
as hypothesized by the present study. This may be 
owing to the fact that vascular endothelial cells and 
surrounding tissues could not be collected. Vascular 
endothelial cells and surrounding tissues should have 
been in contact with the catheter, but it is thought that 
these were scraped off in the catheter removal process. 
PALT is a marker closely related to SERPINE1 (30,31), 
but its expression was not observed in most samples 
in this study. This may be owing to PALT being tissue 
derived rather than monocyte derived. In the future, it 
may be better to verify the chemotactic factors of MF 
and monocytes as inflammation markers. 
	 Finally, CF associated with the expression of 
SERPINE1 was analyzed. The catheter being in contact 
with blood vessels during placement was suggested to 
be a factor related to high expression of SERPINE1 (p = 
0.04). Mechanical stimulation of the blood vessel wall 
by a catheter is a risk factor for CF that has been pointed 
out in our previous studies (32). It is suggested that 
inflammation by simulation occurs when the tip of the 
catheter contacts the vascular endothelial cells (33). This 
study suggested that neutrophils were more aggregated in 
the fibrin sheath, causing coagulation to progress further. 
	 Some studies have been conducted in the past to 
detect infection using removed catheters. We believed 
that our method by real time RT-PCR would contribute 
to the detection of coagulation. As mentioned in the 

Table 4. The proportion of the quantified samples for target genes

Items

Age (y)
Sex (male)
BMI
Disease (digestive system disease)
Disease (neoplastic)
Oral administration of anticoagulant
Part (forearm)
Gauge (22G)
Heparin lock time more than 12 hours
Irritant drug 
Antibacterial drug
Total dose of drug solution (mL)
Heparin lock total time (h)
Contact with the blood vessels by catheter
Blood vessel diameter

No-CF with SERPINE1 < 1
mean/n

63.5
8

21.6
11
9
3
12
9
9
1
5

2,165.0
36.5

0
2.45

n = 12
(SD)/(%)

  (12.8)
  (66.7)
    (3.1)
  (91.7)
  (75.0)
  (25.0)
(100.0)
  (75.0)
  (75.0)
    (8.3)
  (41.7)

(2,179.8)
  (26.0)
    (0.0)
    (1.0)

CF: catheter failure; SERPINE1: serpin family E member 1; BMI: body mass index.

CF with SERPINE1 > 1
mean/n

65.6
9

21.8
12
8
1
13
13
12
3
9

2,464.9
20.8

4
2.55

n = 14
(SD)/(%)

(15.3)
(64.3)
  (3.1)
(85.7)
(57.1)
  (7.1)
(92.9)
(92.9)
(85.7)
(21.4)
(64.3)

(3,121.6)
(17.7)
(28.6)
  (0.8)

  p

0.71
0.90
0.89
0.89
0.91
0.21
0.89
0.21
0.24
0.36
0.25
0.78
0.09
0.04*
0.79
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background section, we performed ultrasonography 
just before catheter removal to detect the etiology of 
catheter failure. This allowed real-time assessment and 
direct observation of the blood vessel; however, it may 
be difficult to conduct ultrasonography at night or in 
situations where removal is urgent. In such situations, 
conventional analysis is useful to detect the etiology of 
CF. Our suggested technique might be useful to evaluate 
new vascular access devices, fixation devices, or other 
medical devices. 
	 This study showed that it is possible to elucidate a 
biological cause of CF. Furthermore, real-time RT-PCR, 
using cells extracted from catheters after removal, may 
be a useful new method to evaluate peripheral venous 
catheters. Our findings suggest that catheter contact is 
related not only to inflammation but also to coagulation. 
This result will be useful for devising and evaluating 
future measures to prevent CF in clinical nursing. The 
prevention of mechanical stimuli for the prevention of 
CF has been advocated in recent years (32-34). Since 
this study suggested that the catheter tip has an effect 
on the blood vessel wall and coagulation, it may be 
advisable that clinical nurses need to pay attention to the 
fixation of the catheter for confirmation. Confirmation 
of catheter position by ultrasonography is likely to be 
effective for the prevention of CF, and future clinical 
application is expected. 
	 There were limitations to the variations of clinical 
samples dealt with in this study, and only one type of 
catheter was used. In order to extrapolate these results, 
it is necessary to consider the type and coating of the 
catheter. Furthermore, peripheral intravenous catheter 
infections have been reported (35) and may have been 
associated with CF. However, we did not include 
cases in which the target catheter was diagnosed as 
an infection source. Factor analysis of SERPINE1 
expression in this study could not be performed using 
multivariate analysis owing to the small sample size. 
However, a relationship between SERPINE1 and vessel 
wall contact can be suggested because this was not 
related to patient factors such as oral anticoagulant 
administration or age. 
	 Our findings suggest that catheter tips are a potential 
resource for biological investigation, and expression 
analysis of the attached cells can reflect the pathological 
condition of the catheterized tissue. This result 
implicates the involvement of SERPINE1 in drip failure 
and pain as a new pathological condition. In addition, 
the etiology of SERPINE1 expression was suggested 
to be mechanical stimulation by the catheter coming 
into contact with the vessel wall. Further studies using 
catheter tips are required to elucidate the molecular 
mechanisms of CF. 
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