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Background: With increasing use, peripherally inserted central catheters (PICCs) are
associated with the risk of venous thrombosis. Few studies have focused on the relationships
between venous thrombosis and venous characteristics. This study aimed to identify effects
of venous characteristics on symptomatic PICC-related venous thrombosis in cancer patients
and explore the relationship between venous characteristics and blood flow velocity.
Methods: The data of patients who underwent placement of PICC were retrospectively
studied between January 2015 and September 2017. Symptomatic PICC-related venous
thrombosis was confirmed by ultrasound. Univariable, multivariable logistic regression
analyses were performed to identify the risk factors associated with PICC-related venous
thrombosis. In October 2017, 169 patients with PICCs were enrolled prospectively, and the
relationships between blood flow velocity and venous characteristics were recorded and
analyzed.

Results: A total of 2933 cancer patients were enrolled in this study; of these patients, 68
experienced symptomatic venous thrombosis. In the bivariate analysis, body mass index
(BMI), history of venous thrombosis, triglycerides, tumor category, vessel diameter, vessel
depth and arm circumference were associated with thrombosis. The multivariable analyses
showed that arm circumference, vascular diameter, triglyceride level and tumor category
were independent risk factors for thrombosis. Blood flow velocity was positively correlated
with vessel depth and arm circumference but not with vessel diameter.

Conclusion: Different venous characteristics can lead to different blood flow rates, which
can affect the incidence of thrombosis. A vein depth of greater than 1.07cm or less than
0.57cm was associated with a higher incidence of PICC-related venous thrombosis, and the
greater the arm circumference and vessel diameter, the greater the risk of venous thrombosis.
Keywords: peripherally inserted central catheters, cancer, venous thrombosis, risk factors,

venous characteristics

Introduction

Peripherally inserted central venous catheters (PICCs) are often the primary
approach for providing venous access for administration of chemotherapy in cancer
patients. PICCs reduce the risk of drug infiltration and alleviate the inflammation of
vessels by drugs. Moreover, cancer patients can leave the hospital with PICCs
during chemotherapy intervals, which avoids pain caused by repeated punctures and
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significantly improves their quality of life. However, both
patients and doctors are concerned with PICC-related
venous thrombosis. The incidence of PICC-related venous
thrombosis is 5%~20%, among which symptomatic PICC-
related venous thrombosis accounts for 1%~4%.'**"
Symptomatic venous thrombosis might result in a series
of adverse consequences. ) Venous thrombosis may
result in the following clinical manifestations: an enlarged
arm circumference; reddening, flushing and swelling of the
skin on the upper extremity; and tenderness at the catheter
site or neighboring sites.® 2 Although extremely rare,
detachment of a venous thrombus from an upper extremity
may cause pulmonary embolism, which is life
threatening.” 3 Post-thrombosis syndrome (PTS) in the
late stage after thrombus formation could hamper the
functions of venous valves, leading to pain, swelling and
dysfunction of the affected extremity and reducing patient
quality of life."® @ Thrombosis is also the primary reason
for the non-planned removal of PICCs."* As PICC-related
venous thrombosis could result in a series of adverse
events, which interrupt clinical treatment and reduce
patient quality of life, identifying the risk factors for
PICC-related venous thrombosis and taking specific pre-
vention measures are of great clinical significance. Early
studies have demonstrated that a number of modifiable and
unmodifiable factors are associated with PICC-related
venous thrombosis. Nonetheless, there remains a paucity
of data regarding the relationships between PICC-related
venous thrombosis and venous characteristics such as vein
diameter, vein depth, arm circumference. In addition, the
effects of different venous conditions on blood flow velo-
city are also unknown.

In this study, we retrospectively analyzed PICC-related
venous thrombosis and its risk factors in cancer patients and
prospectively analyzed the relationship between blood flow
velocity and the catheterized vein to explore the effects of
venous conditions on thrombosis and to explain this

phenomenon.

Methods

Subjects

This study used a retro-prospective study design, and the data
consisted of two components: retrospective data collected
from our hospital between January 2015 and
September 2017 and prospective data collected 1 month

later from the same hospital. All the patients signed the

informed consent before PICC insertion and the study was
approved by the ethics committee of our hospital.

Inclusion Criteria
a. Aged>18 years old,;

b. Pathologically or cytologically confirmed malignant
tumor;

c. Underwent PICC in our hospital and received sys-
tematic treatment;

d. Received a venous duplex ultrasound.

e. Catheter/venous diameter ratio is equal to 45% or less.”

Exclusion Criteria
a. Communication disorders;

b. Leukemia, pregnant or lactating, or had an active
infection requiring treatment;

c. Predicted survival time less than 1 month.

d. Patients were excluded if they were already receiv-
ing either prophylactic or therapeutic anticoagulant ther-
apy at the time of the PICC line insertion.

PICC Insertion Method

Personnel Qualifications

All the nurses who inserted PICCs were specialized
venous treatment nurses who had performed the procedure
for more than 5 years; each nurse inserted more than 300
PICCs per year on average.

Catheter Types

The front end of a type A catheter was open, and the tip
had a flat design. The tip of the catheter was trimmed
before delivery. The catheter was made of a polyurethane
material, and the pipe diameter was 4Fr (circumference
4.19 mm, outer diameter 1.333 mm). The front end of
a type B had a three-way valve, which prevents blood
from flowing into the catheter. The catheter was made of
silicone material, and the pipe diameter was 4Fr. Since the
lumen diameter of 4Fr can minimize the incidence of
PICC-venous thrombosis®> and meet the clinical needs, all
patients were treated with 4Fr catheters.

Insertion Site and Vein

The left or right upper extremity was chosen according to
the patients’ willingness and vessel characteristics.
Usually, the upper

Regarding the puncture vein, the basilic vein was the

right extremity was preferred.
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first choice, followed by the brachial vein and cephalic

vein.

Insertion Procedure

Before insertion, the patients’ vein conditions were
accessed by nurses in the Venous Access Center using
the LOGIQ Book Ultrasound System. The inner diameter
of the target vein and depth of the vessel were measured
and recorded, arm circumference at the 10cm above the
elbow joint were measured and recorded together. It has
been reported that the modified Seldinger technique
(MST) can incidence of PICC-related
thrombosis,'' so in this study, all patients underwent

reduce the

PICC placement according to the MST under ultrasound
guidance.

It has been reported that placing the catheter tip in the
lower 1/3 of the superior vena cava (SVC) leads to the
lowest risk of thrombosis.'? Therefore, during the insertion
process, we used ultrasound to explore the internal jugular
vein and the subclavian vein to ensure that the catheter
was in the right vein. Catheter placement was determined
by right atrial electrocardiogram to ensure that the catheter
tip was located at the junction of the SVC and right atrium
or the lower segment of the SVC."? The position of the tip
of the catheter was determined by chest radiography after
surgery. If an abnormality was present, it was addressed in
a timely manner. After catheterization, the patients were
encouraged to remain physically active and avoid exces-
sive bedrest to prevent thrombosis. Routine device and site
checks are performed weekly by the venous access team or
earlier if malfunction occurs. All PICC lumens are flushed
with 10 mL normal saline and 5 mL heparin daily accord-
ing to a defined maintenance protocol. In the event of
luminal occlusion (failure to flush or withdraw from the
PICC), 2 mg/mL of tissue plasminogen-activator is
instilled in each lumen to “declot” the device.

Examination of Venous Thrombosis

During PICC insertion, doctors or nurses observed the arm
for swelling (by measuring the arm circumference) if there
was a color change in the skin and pain. If a patient had at
least one of the above symptoms or if a patient was
suspected to have developed thrombosis, color Doppler
ultrasound was applied to make a definite diagnosis. All
the patients were followed-up until catheter removal or
venous thrombosis occurred.

Data Collection

The following data were collected: the vein used for PICC
insertion, the type of catheter, the length of the catheter
inserted into the body, the location of the catheter tip, the
patient’s age, sex, height and weight, cancer type, and co-
morbidities. Additionally, the results of laboratory tests
performed within one week of PICC insertion, including
routine blood tests, blood biochemical examinations, and

blood coagulation tests, were also recorded.

Statistical Analysis

Descriptive data are presented as the median and inter-
quartile range (IQR, ie, 25—75th percentiles). Proportions
of events were compared using Fisher’s exact test or
Pearson’s y2 test. Continuous variables were compared
by Student’s #-test or Mann—Whitney rank sum test accord-
ing to the normality of their distribution. Univariate and
multivariate logistic regression models were employed to
estimate the risk factors for PICC-related venous throm-
bosis. The risk assessments are presented as odds ratios
(ORs) with 95% confidence intervals (95% Cls). All sta-
tistical analyses were performed using SPSS version 16.0
(SPSS Inc., Chicago, IL, USA) for Windows, with
a P-value <0.05 considered statistically significant.

Results

The retrospective study included a selection of 2933 sam-
ples obtained in 2833 patients, of which 78 patients under-
went PICC placement twice or more. The patient
characteristics are described in Table 1. Missing data
were excluded from the statistical analysis. The median
PICC use duration was 125 days (IQR 70-173). The
success rate of PICC insertion after a single attempt was
93.8%, and the success rate of PICC insertion after two
attempts was 98.7%. The median diameter of the vein
chosen for insertion was 0.40 cm (IQR 0.35 cm-
0.46 cm); the median Catheter/venous diameter ratio was
0.33 (IQR 0.29-0.38). The median vascular depth was
0.85 cm (IQR 0.57 ¢cm-1.07 c¢cm), and the arm circumfer-
ence was 26.57cm (IQR 24.5 cm-28.5 cm).

Currently, no common and standardized definitions of
vascular depth, arm circumference and vessel diameter
system exist. We first calculated the distribution of the
venous characteristics interquartile range; then, values
greater than the upper threshold or less than the lower
threshold values were defined as outliers.
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Table | Demographic, Clinical and Procedural Data of the Study Population

Data

Total
N=2933

No VTE
N=2865

PICC-Related VTE
N=68

Patient data
Age (years)

52.60 (43-62)

52.60 (43-62)

52.62 (44.25-63)

Sex
Male

Female

1417 (48.3%)
1516 (51.7%)

1388 (98.0%)
1477 (97.4%)

29 (2.0%)
39 (2.6%)

Body mass index (kg/mz)

24.13 (21.60-26.36)

24.11 (21.56-26.33)

25.08 (22.86-27.34)

Co-morbidities

Diabetes

Hypertension

Prior VTE
Cerebrovascular disease
Chronic pulmonary disease
Heart disease

Surgery within past month

264 (9.3%)
544 (19.2%)
94 (3.3%)
56 (2.0%)
20 (0.7%)
124 (4.4%)
376 (12.8%)

256 (97.0%)
531 (97.6%)
88 (93.6%)
54 (96.4%)
19 (95.0%)
120 (96.8%)
370 (98.4%)

8 (3.0%)
13 (24%)
6 (6.4%)
2 (3.6%)
I (5.0%)
4(32%)
6 (1.6%)

Test results
Hemoglobin (g/L)
Platelet (10°/L)

White blood cell (10°/L)

125.83 (115-139)
232.27 (177-272)
7.45 (4.75-7.60)

125.88 (115-139)
231.99 (177-272)
7.48 (4.74-7.62)

123.75 (115-138.5)
242.33 (186.25-284)
6.54 (5.04-7.42)

Activated partial thromboplastin time

<24s 66 (4.6%) 63 (95.5%) 3 (4.5%)
>24s<39s 1183 (82%) 1151 (97.3%) 32 (2.7%)
>39s 194 (13.4%) 193 (99.5%) 1 (0.5%)
Triglycerides
<1.7mmol/L 1237 (73.9%) 1213 (98.1%) 24 (1.9%)
>|.7mmol/L 438 (26.1%) 419 (95.7%) 19 (4.3%)
Tumor category
Lymphoma 1195 (40.7%) 1167 (97.7%) 28 (2.3%)
Lung cancer 115 (3.9%) 107 (93.0%) 8 (7.0%)
Tumor of digestive system 765 (26.1%) 757 (99.0%) 8 (1.0%)
Urologic tumor 85 (2.9%) 84 (98.8%) 1 (1.2%)
Breast cancer 573 (19.5%) 556 (97.0%) 17 (3.0%)
Gynecological tumors 63 (2.1%) 60 (95.2%) 3 (4.8%)
Others 137 (4.7%) 134 (97.8%) 3 (2.2%)
Stage
1-3 2006 (68.4%) 1962 (97.8%) 44 (2.2%)
4 927 (31.6%) 903 (97.4%) 24 (2.6%)

Procedural data
Vascular diameter (cm)
Vascular depth (cm)

<0.57

0.57-0.81

0.81-1.07

>1.07

0.41 (0.35-0.46)

742 (25.3%)
744 (25.4%)
717 (24.5%)
726 (24.8%)

0.41 (0.35-0.45)

726 (97.8%)
737 (99.1%)
697 (97.2%)
705 (97.1%)

0.45 (0.40-0.52)

16 (2.2%)
7 (0.9%)

20 (2.8%)
21 (2.9%)

Arm circumference (cm)

26.57 (24.5-28.5)

26.53 (24.5-28.4)

28.12 (26.65-30)

Catheter side

Right 2156 (73.9%) 2119 (98.3%) 37 (1.7%)
Left 763 (26.1%) 744 (97.5%) 19 (2.5%)
(Continued)
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Table | (Continued).

Data Total No VTE PICC-Related VTE
N=2933 N=2865 N=68
Cannulated vein
Basilic 2437 (83.5%) 2387 (97.9%) 50 (2.1%)
Brachial 420 (14.4%) 414 (98.6%) 6 (1.4%)
Cephalic 61 (2.1%) 61 (100%) 0 (0%)
Catheter type
Front opening 494 (16.8%) 480 (97.2%) 14 (2.8%)
Front three-way valve 2439 (83.2%) 2385 (97.8%) 54 (2.2%)
Insertion attempts
[ 2751 (94.2%) 2700 (98.1%) 51 (1.9%)
>| 168 (5.8%) 165 (98.2%) 3 (1.8%)

Abbreviations: PICC, peripherally inserted central catheter; VTE, venous thromboembolism.

PICC-Related Thrombus

A total of 68 patients (2.3%) developed symptomatic
venous thrombosis. The median time to thrombosis was
34 days (range 1~230). Of the 68 patients, 73.53% (50/68)
exhibited swelling of the limbs, of which 60.29% (41/68)
affected the upper limbs, and 13.24% (9/68) exhibited
swelling of the cervical region. A total of 26.47% (18/
68) of the patients complained of distending limb pain.
Two patients exhibited PTS.

Univariate Analysis (Table 2)

There were no relationships between the incidence of
thrombosis and age, sex, history of diabetes or hyperten-
sion, hemoglobin, blood platelet count, activated partial
thromboplastin time, insertion site and vein, PICC type or
number of punctures. Patients with a high body mass index
(BMI), history of venous thrombosis and high triglycerides
had an increased incidence of thrombosis. Patients who
suffered from lung cancer had a higher risk for thrombosis
than those suffering from other cancer types. A large ves-
sel diameter, a large upper extremity circumference, and
unsuitable catheter insertion vein depth (too deep or too
shallow) were also risk factors for thrombosis.

Multivariate Analysis (Table 3)

To further analyze the risk factors for PICC-related upper
extremity venous thrombosis, a multivariate analysis was
performed. The statistical results showed that arm circum-
ference, vascular diameter, triglyceride level and tumor
type were independent influencing factors for thrombosis.
The larger the arm circumference and vessel diameter, the
higher the incidence of thrombus.

Venous Hemodynamic Analysis

We found that the incidence of thrombosis was lowest
when the vessel depth was approximately average
(P=0.040), and it increased with the increase of vessel
diameter (P=0.001) and arm circumference (P<0.001)
(Figure 1). This is strange because the traditional view is
that the shallower or bigger the vessel is, the easier it is to
puncture, resulting in a low incidence of thrombosis.

To conduct better research on the relationship between
blood flow velocity and vessel, we prospectively enrolled
169 patients with PICCs in October 2017 and recorded
blood flow velocity and venous depth, diameter and arm
circumference. The median flow velocity was 13.53 cm/s
(IQR 11.20-17.08). It was found that the blood flow velo-
city was slow when the vessel depth was shallow and had
a tendency to increase with increasing vessel depth
(P=0.096), and the similar result was found of arm cir-
cumference (P=0.005). However, there is no significant
trend in venous diameter (P=0.829). (Figure 2)

We also found that arm circumference was positively
correlated with venous diameter (P=0.042) and depth
(P<0.001), yet there was no significant correlation between
venous diameter and venous depth (P=0.846). (Figure 3)

Discussion

Infusion Nursing Standards of Practice (INS) has pointed
out that for adults, a catheter/venous diameter ratio of 45%
or less is recommended to reduce the incidence of
thrombosis.> However, there is still no international study
on small catheter/vein diameter ratios, our study is the first
to analyze the relationships among catheter/vein diameter
ratio, venous depth, arm circumference and incidence of
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Table 2 Bivariable (Unadjusted) Analysis of Risk Factors Associated with PICC-Related VTE

Covariates Odds Ratio 95% Confidence Interval P value
Patient data
Age 1.000 0.983-1.017 0.991
Sex (Female VS Male) 1.264 0.777-2.055 0.345
Body mass index 0.003
SZSkg/m2 Reference -
>25kg/m?* 2.110 1.296-3.437
Co-morbidities
Diabetes 1.404 0.662-2.978 0.376
Hypertension 1.075 0.581-1.991 0817
Prior VTE 2.497 1.169-5.333 0.018
Cerebrovascular disease 1.624 0.387-6.809 0.508
Chronic pulmonary disease 2.300 0.303-17.448 0.420
Heart disease 1.473 0.527-4.121 0.460
Surgery within past month 1.532 0.658-3.568 0.322
Test results
Hemoglobin 0.994 0.982-1.007 0.398
Platelet 1.001 0.999-1.004 0.352
White blood cell 0.986 0.924-1.052 0.664
Activated partial thromboplastin time 0.162
<24s Reference -
>24s<39s 0.584 0.174-1.959
>39s 0.109 0.011-1.065
Triglycerides 0.008
<l.7mmol/L Reference -
>|.7mmol/L 2292 1.243-4.227
Tumor category 0.009
Lymphoma Reference -
Lung cancer 3.116 1.386-7.007
Tumor of digestive system 0.440 0.200-0.972
Urologic tumor 0.496 0.067-3.692
Breast cancer 1.274 0.692-2.348
Gynecological tumors 2.084 0.616-7.049
Others 0.933 0.280-3.110
Stage 0.509
1-3 Reference -
4 1.185 0.716-1.961
Procedural data
Vascular diameter (cm) 0.002
<0.35 Reference -
0.35-04 0.716 0.253-2.021
0.4-0.46 2.869 1.353-6.084
>0.46 2.539 1.140-5.653
Vascular depth (cm) 0.05
<0.57 Reference -
0.57-0.81 0.431 0.176-1.054
0.81-1.07 1.302 0.669-2.533
>1.07 1.352 0.700-2.611
Arm circumference 1.18 1.094-1.274 <0.001
(Continued)
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Covariates Odds Ratio 95% Confidence Interval P value
Catheter side 0.183
Right Reference -
Left 1.463 0.836-2.559
Cannulated vein 0.699
Basilic Reference -
Brachial 1.445 0.616-3.392
Cephalic - -
Catheter type 0.405
Front opening Reference -
Front three-way valve 0.776 0.428-1.409
Insertion attempts 0.949
| Reference -
>| 1.039 0.321-3.364

Abbreviations: PICC, peripherally inserted central catheter;

Table 3 Multivariate Logistic Analyses for PICC-Related VTE

Variables Logistic Regression
OR (95% CI) P value
Body mass index 0.846
<25kg/m? Reference
>25kg/m? 1.085 (0.475-2.480)
Prior VTE 1.834 (0.594-5.662) 0.292
Triglycerides 0.017
<|.7mmol/L Reference
>|.7mmol/L 2.279 (1.161-4.475)
Tumor category 0.018
Lymphoma Reference
Lung cancer 2.312 (0.622-8.597)
Tumor of digestive system 0.426 (0.122-1.484)
Urologic tumor 0.498 (0.068-3.694)
Breast cancer 3.115 (1.402-6.921)
Gynecological tumors 4.406 (0.909-21.36)
Others 0.587 (0.076—4.557)
Vascular diameter (cm) 0.010
<0.35 Reference
0.35-0.4 0.288 (0.057-1.458)
0.4-0.46 2.435 (0.949-6.247)
>0.46 1.171 (0.403-3.404)
Vascular depth (cm) 0.109
<0.57 Reference
0.57-0.81 0.665 (0.207-2.136)
0.81-1.07 1.775 (0.654-4.817)
>1.07 0.763 (0.242-2.408)
Arm circumference 1,151 (1.002—-1.322) 0.046

Abbreviations: PICC, peripherally inserted central catheter; VTE, venous throm-
boembolism; OR, odds ratio; HR, hazard ratio; Cl, confidence interval.

VTE, venous thromboembolism.

thrombosis. For the first time, the relationship between
upper arm vessel and blood flow velocity was explored
to explain the relationship.

The overall thrombus incidence in our study was lower
(2.3%) than that in other studies."** Compared with other
studies, we adopted the following methods to minimize the
incidence of PICC thrombosis. In this study, PICCs of the
same size (4F) were used, and the catheters were placed by
experienced specialist nurses under ultrasonic guidance to
ensure that the success rate of the first puncture was as
high as possible and reduce the risk of PICC-related
thrombosis caused by multiple puncture injuries to the
venous wall. The location of the catheter tip is also a key
factor in venous thrombosis. Currently, all guidelines and
standards recommend that the head of the PICC should be
located in the SVC, and the optimal position is in the
lower 1/3 of the middle and lower segments of the SVC.
The junction between the SVC and the right atrium should
be 3—4 cm so that the catheter cannot enter the right atrium
or the right ventricle.'” During catheterization, catheter
orientation was detected by ultrasound, and the catheter-
ization technique was assessed by a right atrial
electrocardiogram.'® The position of the catheter tip was
confirmed by chest radiography after the operation to
ensure that the position of the catheter tip was satisfactory.

Many of the risk factors identified in this analysis agree
with earlier studies. Our findings of a strong association of
venous thrombosis with lung cancer and gynecologic
tumors are consistent with prior reports.'* Our study did
not include sufficient numbers of patients with brain or
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pancreas cancers, which have also been strongly asso-
ciated with venous thrombosis. We also found that patients
with a previous history of venous thrombosis have
a higher risk of re-thrombosis, especially in combination
with other risk factors, which are consistent with prior
study.'

Some studies have found that a BMI > 25 kg/m” is an
independent risk factor for catheter-related thrombosis.''®
Our study also found that a BMI > 25 kg/m* was one of
the major risk factors for PICC-related venous thrombosis.
Obesity increases the difficulty of catheterization, and
repeated punctures may damage the venous wall, resulting
in an increased incidence of PICC-related venous throm-
bosis. It has also been shown that adipocytokines, such as
leptin and adiponectin, can enhance the activity of the
coagulation system and reduce fibrinolytic activity by
interfering with the metabolism of fat and sugar in the
blood.'”'® Our study found that triglycerides were

significantly elevated in obese patients, and we also
found that patients with high triglycerides had an increased
incidence of PICC-related venous thrombosis. Triglyceride
deposits in the venous wall gradually formed small pla-
ques. In contrast, large deposits in the venous wall gradu-
ally expand in area and thickness, decreasing the inner
diameter of the vessels and slowing blood flow, thus
accelerating the process of developing a venous blockage;
blood flow will be interrupted in severe cases. Studies
have shown that the concentration of triglycerides is posi-
tively correlated with the response intensity of venous
endothelial cells to inflammatory cytokines, and triglycer-
ides can promote the activation of inflammatory cytokines,
such as tumor necrosis factor, on the intima of vessels.'’
When the concentration of triglycerides is increased, free
fatty acids released from the triglyceride nucleus provide
a contact surface for coagulation factor activation and
increase the charge density on the surface of large granular
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Figure 2 The relationship between blood flow velocity and vascular depth (Panel A, P=0.096). The relationship between blood flow velocity and vascular diameter (Panel B,
P=0.829). The relationship between blood flow velocity and arm circumference (Panel C, P=0.005).

lipoproteins, activating coagulation factor VII. The tissue
with
a lipoprotein-related coagulation inhibitor, which may

factor inhibitor  associated thrombosis s
play an important role in venous thrombosis. Vascular
endothelial cell injury causes in vivo anticoagulation dys-
function, increased blood coagulation, and thrombosis.
Interestingly, we found that both deep and shallow
vessels were associated with an increased incidence of
thrombosis. Patients with vessels that were too deep were
generally obese, which was related to high triglyceride
to difficult

However, a shallow vessel depth was related to relatively

levels, and leading venous punctures.
a slow blood flow velocity. Virchow’s triad is traditionally
invoked to explain pathophysiologic mechanisms leading
to thrombosis, alleging concerted roles for abnormalities in
blood composition, vessel wall components, and blood
and venous

flow in the development of arterial

thrombosis.”® We analyzed the relationship between vessel
depth and the incidence of thrombosis and found that
when the vessel depth was too shallow, the blood flow
velocity was relatively slow, which explains why we
observed an increased incidence of thrombosis when the
vessel depth was shallow. Studies have shown that the
blood pumping index of muscle is better in obese patients
than in nonobese patients;'® therefore, we speculated that
the vessel depth was too shallow in thin patients and the
blood pumping function of the muscle was poor, resulting
in a relatively slow blood flow velocity. Studies have
shown that the velocity of venous blood flow in the
lower limbs of obese pregnant women is significantly
higher than that in nonobese pregnant women;>' yet, the
incidence of venous thrombosis of the lower limbs is still
high. The high incidence of thrombosis is not only due to
sluggish blood flow but also due to other causes of obesity.
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Figure 3 The relationship between arm circumference and vascular diameter (Panel A, P=0.042). The relationship between arm circumference and vascular depth (Panel B,
P<0.001). The relationship between vascular diameter and vascular depth (Panel C, P=0.846).

We have concluded that deep vessels, even without
a sluggish blood flow velocity, are caused by factors
such as obesity and lead to a high incidence of thrombosis.

Previous studies have shown that the thinner the dia-
meter of vessels, the more prone they are to thrombosis.”
The reason for this is because a small vessel size can result
in a difficult puncture, and multiple punctures or tube
insertions cause damage to the inner walls of vessels,
leading to thrombosis. Prior studies have not featured
a dedicated central venous catheter insertion team. We
hypothesize that the standardized insertion technique of
our PICC line team may have diminished the impact of
certain technical variables that had previously potentiated

line-related thrombosis, allowing for the emergence of
other predictive signals. It was found that patients with
larger vessels had a higher risk of thrombosis because
patients with larger vessels were more likely to be obese
than those with smaller vessels, leading to a higher inci-
dence of thrombosis. Of course, if vessel size was too
small will slow down the blood flow and increase the
difficulty of puncture, which will increase the incidence
of thrombosis, so INS recommends a catheter/venous dia-
meter ratio of 45% or less is necessary and helpful to
decrease this complication.

Similarly, we found that patients with a large arm
circumference had an increased incidence of thrombosis
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because patients with a large arm circumference were
more obese than those with a small arm circumference.
Obesity led to difficult venous punctures, and obese
patients had relatively high triglycerides, which led to an
increase in the incidence of thrombosis. Because arm
circumference was positively correlated with venous dia-
meter, so when we chose patients whose vessel diameter
was not too small, we avoided the slow blood flow caused
by too small arm circumference.

We acknowledge some limitations. First, this is
a retrospective cohort study, and the results may be subject
to bias or incomplete information. Second, although our
study included a large number of patients, it was con-
ducted at a single institution, and the results may not be
generalizable to hospitals with different case mixes or
practice patterns. Third, potential confounding variables,
such as duration of PICC line insertion, or unrecognized
embolism, could not be evaluated. Finally, despite per-
forming a careful chart review, some episodes of PICC-
related venous thrombosis may have been missed. In par-
ticular, venous thrombosis diagnosed at other institutions
may have been overlooked.

Nevertheless, our study has important strengths,
including a large sample size and a highly skilled insertion
technique. Additionally, we further explained the relation-
ship between blood flow velocity and venous characteris-
tics, which was previously lacking.

Conclusion

It appears that a catheter-to-vein ratio less than 45% can
reduce the risk of venous thrombosis. Additionally, our
study has determined that when the venous depth is moder-
ate, it is less likely to develop venous thrombosis, and the
greater the arm circumference and venous diameter, the
greater the risk of venous thrombosis. PICC-related venous
thrombosis is a complex process with multiple influencing
factors. Therefore, a prospective study should further
explore the relationships among blood venous depth, venous
diameter, arm circumference and venous thrombosis, as well
as methods to select the most appropriate vessels to actively
prevent early venous thrombosis in high-risk patients and
reduce the incidence of PICC-related venous thrombosis.
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