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+is paper aimed to explore the risk factors of peripherally inserted central catheter (PICC) related thrombosis (PICC-RT) in
tumor patients mediated by ultrasound images under minimum variance (MV) algorithm and put forward the corresponding
nursing intervention methods based on the risk factors. +e smoothing algorithm, diagonal loading algorithm, and coherence
factor algorithm were optimized via MV algorithm. +e optimized algorithm was compared with other algorithms to analyze its
image quality and image processing speed. Literature retrieval was conducted to analyze the risk factors of PICC-RT in tumor
patients. Tumor patients who received PICC for chemotherapy in the hospital from June 2018 to December 2019 were selected.
Patients who were accepted before the experiment were taken as the controls, and there were control group (89 cases) and
observation group (91 cases). Exercise, average flow rate of axillary vein per unit time, and PICC-RTwere compared between the
two groups.+e results showed that the optimized algorithm (MV-N) had better image resolution, image contrast, and calculation
speed than other algorithms. Gender, body mass index (BMI), pathological type, clinical stage, disease history, fibrinogen (FIB),
and use of anticoagulant drugs were risk factors for PICC-RT in tumor patients.+e number of PICC-RTand complications in the
observation group was notably lower in contrast to the control group (P< 0.05). It indicated that a novel algorithm was suc-
cessfully established, which could increase the ultrasonic image quality and computing speed, and upper limb exercise could
reduce the incidence of PICC-RT and its complications in tumor patients.

1. Introduction

PICC is a catheter that is inserted into the central vein
through peripheral venipuncture to provide patients with
safe and durable venous access [1]. Due to its high safety and
convenient operation, it is widely used in intravenous
chemotherapy for tumor patients. PICC delivers chemo-
therapeutic drugs directly to the superior vena cava, re-
ducing the damage to blood vessels caused by irritating
drugs [2]. PICC-RT refers to the thrombosis formed on the
inner wall of the catheterized vein or the outer wall of the
catheter caused by PICC, which is easy to cause pulmonary
embolism. About 15% of PICC-RT patients will develop
pulmonary embolism [3]. In recent years, there have been

more and more researches on the risk factors of PICC-RT,
but the research methods and the time of thrombosis
screening are different, and even the final conclusions are
inconsistent. Studies have pointed out that upper limb ex-
ercise can reduce the incidence of PICC-RT, and inappro-
priate upper extremity movement may cause other catheter-
related complications [4].

PICC requires to be conducted under ultrasound
guidance. Ultrasound imaging technology has the charac-
teristics of easy operation, safety, noninvasiveness, and wide
application range. +e image quality obtained by commonly
used traditional ultrasound system imaging algorithms is
poor, which severely restricts the application range of ul-
trasound imaging technology [5]. In recent years, a variety of

Hindawi
Scientific Programming
Volume 2021, Article ID 7295093, 8 pages
https://doi.org/10.1155/2021/7295093

mailto:170812101166@bitzh.edu.cn
https://orcid.org/0000-0001-8802-4469
https://orcid.org/0000-0002-2584-0642
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/7295093


modern high-definition imaging algorithms have emerged
to improve the image quality of ultrasound imaging.
However, these algorithms cannot image some detailed
scenes when diagnosing some complex diseases. +e
adaptive beamforming algorithm is based on the MV, which
can effectively suppress nonaxial signals, thereby obtaining
higher-definition images. Although it can meet the needs of
most medical imaging, it is still not possible to provide
detailed imaging for some complex diagnoses [6]. +e
computing graphics processor (General Purpose, GPU) can
quickly execute tasks with high computational complexity
and has high-performance computing capabilities [7], which
provides the possibility for complex imaging applications.

In summary, PICC guided by ultrasound is widely
adopted in chemotherapy for cancer patients. However, the
speed and image clarity of the current ultrasound algorithm
need to be enhanced. Moreover, the results of PICC-RT risk
factors are inconsistent, and there is no feasible nursing
intervention. Based on GPU, the adaptive beamforming
algorithm was optimized. Real-time diagnosis was realized
for PICC imaging algorithm of tumor patients, and the risk
factors of PICC-RT were analyzed, based on which the
feasible nursing intervention measures were put forward.

2. Materials and Methods

2.1. Research Subjects and Grouping. Convenience sampling
was adopted to collect inpatient tumor patients who un-
derwent chemotherapy with PICC catheter in our hospital
from June 2018 to December 2019. Inclusion criteria were I,
the tube being placed for the first time, and the coagulation
indicators within the normal range before placement and II,
patients with Kanowski’s health status score more than 60
points. Exclusion criteria were I, patients with high-risk
factors such as hypertension, diabetes, and thrombosis
history; II, in addition to PICC, the existence of other venous
accesses; and III, those who took erythropoiesis drugs before
PICC. Patients were grouped according to the order in
which patients were included in the study. +e 89 cases that
met the inclusion criteria from June 2018 to March 2019
were selected as the control group, and the 91 cases that met
the inclusion criteria from April 2019 to December 2019
were selected as the observation group.+e process had been
approved by the ethics committee of the hospital, and all
subjects included in the study had signed an informed
consent form.

2.2. Adaptive Ultrasound Imaging Algorithm Flow. +e
adaptive ultrasound imaging algorithm based on the MV
algorithm mainly includes three parts: signal delay, weight
calculation, and signal superimposition (Figure 1). +e
signal delay is mainly providing the imaging echo signal data
for the corresponding algorithm.+e weight calculation part
is the core of the entire ultrasound imaging algorithm. +e
signal-to-noise ratio can be maximized to obtain the
apodization weight of the received signal. +e signal su-
perposition part mainly refers to the weighted summation of
the above apodization weights. Based on the basic content of

MV, the coherence factor and weight calculation method of
the signal delay and weight calculation part are optimized.
Moreover, the signal in the superimposed part of the signal is
adjusted.

2.3.AdaptiveUltrasoundImagingAlgorithm. +eultrasound
imaging system takes the electrical signal in the probe to
emit an ultrasound beam to the imaging target. After re-
ceiving the ultrasonic echo, the receiving array element
obtains imaging image data through delayed focusing [8].
+e algorithm of the one-dimensional probe sensor com-
posed ofN elements with equal spacing from the target point
to the focused echo signal is as follows:
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�→�����

����� + EEx
��→

− Ep

�→�����

�����

v
⎛⎝ ⎞⎠. (1)

In (1), Etx
�→

, EEx
��→

, and Ep

�→
are the spatial position of the

transmitting array element, the receiving array element, and
the imaging point, respectively. t is the signal time sequence
number; V is the speed of sound; E is the echo data, and the
algorithm is E � ua + j + m. a is the steering vector of the
delayed echo signal; j and m are the interference signal and
noise signal vector, respectively; and u is the desired signal of
the target point. +e waveform former outputs the spatial
measurement data weighting and (2), which is the weight
vector of beam forming.

S � ω→E � 􏽘
N−1

j�0
ωjEj. (2)

+e noise covariance matrix estimation algorithm cor-
responding to the MV algorithm is R � 1/N − I + 1􏽐

N−I
j�0 xj,

and xj is the (I× 1) vector. +en the echo signal of the j-th
group of subapertures is xj � [Ej, Ej+1, . . . Ej+I−1], and the
adaptive weighting algorithm of the MV algorithm is as
follows:

W �
S

−1
a

aS
−1 a

→. (3)

In (3), a
→ is the steering vector that has nothing to do

with the signal frequency, and the algorithm of the ampli-
tude value of pixel points after the obtained signals are
stacked as follows:

S �
1

N − I + 1
􏽘

N−I+1

j�1
ω→xj. (4)

+e forward and backward spatial smoothing technique
refer to a commonly used noise covariance matrix estima-
tion method in the MV algorithm [9]. +e forward spatial
smoothing estimation of the conventional MV algorithm is
expressed as Rf � Rm, and Rm is MV algorithm spatial
smoothing estimation. +e backward spatial smoothing
estimation is expressed as Rb � J2 · Rf, and J is switch
matrix. +e smoothing estimation algorithm in this article is
as follows:
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R �
1
2

Rf + Rb􏼐 􏼑. (5)

+e diagonal loading method can superimpose a certain
proportion of the identity matrix on the noise covariance
matrix. In the algorithm in (6), c is the diagonal loading, and
the general value range is c≪ 1/I, which is taken as
c ∈ [1/10I + 1/100I] in this article; K is the identity matrix;
and trance is the trace of the matrix.

Rd � Rm + c · trance Rm􏼂 􏼃 · K. (6)

+e coherence factor is fused with the beamformer to
suppress the side lobes and grating lobes [10]. In the al-
gorithm of (7), q adjusts the sensitivity of the coherence
factor, while pj is the value of the sampling point.
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2.4. Risk Factor Analysis Method of PICC-RT in Tumor
Patients. +e literature search method was adopted to an-
alyze the risk factors of PICC-RT in tumor patients, and the
search ended on December 1, 2019. It included China
Journal Full-Text Database, WanFang Database, Chinese
Biomedical Literature Database, PubMed, EM Base, and the
Cochrane Library. Search terms were peripherally inserted
central catheter (PICC), thrombosis, thromboembolism, etc.
Inclusion criteria: I, age no less than 18 years; II, research on
risk factors or predictors of PICC-RT in tumor patients; III,
PICC-RT being diagnosed by ultrasound. Exclusion criteria:
I, repeated publications, animal studies, and literature re-
views; II, single-factor or multifactor regression analysis not
conducted; III, studies that did not specify the number of
subjects or did not obtain the 95% confidence interval and
odds ratio.

2.5. Nursing InterventionMethods andObservation Indexes of
Complicated PICC-RT. A PICC-equipped professional grip
ball was distributed to all patients before taking PICC, and so
did the upper extremity exercise education plan. One set of
upper extremity exercise diary cards was adopted to record
in detail the number of upper extremity exercises, arm
swelling during exercise, and the degree of pain. +e control
group held the ball about 500 times a day: three times in the
morning, midnight, and evening. Strength was the maxi-
mum grip strength that the patient could bear. At the same
time, the patient was instructed to come to the hospital for
an ultrasound examination for thrombosis immediately
when he found pain in the arm on the side of the catheter,
local fever, redness, and swelling during exercise. +e ob-
servation group started to exercise 1 day before the cathe-
terization and carried out ball holding exercises under the
guidance of medical staff after three meals a day: extend the
arm and the limb at an angle of 30°–60° and hold the grip ball
with the tube side hand. When the grip ball was squeezed to
1/2 of its original size, the patients should hold it firmly for
10 seconds and then release it for 10 seconds. Hold and
loosen would be repeated 60 times a day, and patients should
exercise every day until the catheter was removed. All
subjects underwent venous Doppler color ultrasound ex-
amination on the limbs of the catheterized side before
catheter placement, 1 d, 3 d, 7 d, 14 d, 21 d, 28 d after cath-
eterization, and 1h after exercise. +e patient’s thrombosis,
thrombosis formation time, and complications were
recorded.

2.6. Statistical Methods. +e experimental data were pro-
cessed using SPSS19.0 statistical software. +e measurement
data were expressed as mean plus or minus standard de-
viation (x± s), which was tested by t test. Count data were
expressed in percentage (%). +e χ2 test was used. P< 0.05
indicated that the difference was statistically significant.
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Figure 1: +e basic flow and optimization of the adaptive ultrasound imaging algorithm.
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3. Results

3.1. Image Quality Analysis Based on Adaptive Ultrasound
Imaging Algorithm. +e transverse resolutions of proposed
ultrasonic imaging algorithm (MV-N), forward and back-
ward smoothing operator (MV-FB), diagonal loading op-
erator (MV-DL), eigenspace projection operator (MV-ESP),
symbolic coherence coefficient operator (MV-SCF), and
generalized coherence coefficient (MV-GCF) were com-
pared (Figure 2). As the ratio of the length of the sliding
window/number of elements (L/M) increased, the lateral
resolution of the MV-N was in a stable state. MV and MV-
FB fluctuated greatly with the increase of L/M value. +e
imaging contrast under these seven algorithms was analyzed
(Figure 3), and the results showed that MV-N and MV-GCF
were less affected by the L/M value.

3.2. Analysis of Imaging Speed Based on Adaptive Ultrasound
Imaging Algorithm. For the imaging calculation frame rate
analysis under the seven algorithms (Figure 4), the MV-ESB
algorithm was in a stable state with the increase of the L/M
value. For the speedup results of GPU/CPU implementation
of various algorithms (Figure 5), all algorithms had achieved
speedups of more than a thousand times, and the speedup of
the MV-N algorithm in this article was higher than other
algorithms.

3.3. Analysis of Risk Factors of PICC-RT in Tumor Patients.
According to the literature search, the risk factors of PICC-
RTwere counted. In Table 1, the five aspects including basic
characteristics, medical history, catheterization factors,
biochemical indicators, and treatment factors of the patients
were independent risk factors for PICC-RT, which were all
statistically notable.

3.4. Tumor Patients Complicated by PICC-RT Imaging
Examination. Ultrasound examinations were performed on
all subjects before and after nursing intervention. +e in-
ternal jugular vein could be clearly observed by ultrasound
examination (shown in green in Figure 6(a)). +e blood flow
of the patient’s probe movement was detected (Figures 6(b)
and 6(c)), and the patient’s arterial and venous blood flow
signals could be displayed (Figures 6(d) and 6(e)). +e PICC
and puncture needle images could be observed (Figures 6(f)
and 6(g)), and PICC-RT (red arrow in Figure 6(h)) and the
position of the catheter (open arrow in Figure 6(h)) could be
displayed.

3.5. Contrast of Basic Data of Two Groups of Patients. In
Table 2, the basic data of the two groups of patients were
compared and analyzed. +ere was no obvious difference
between the basic data of the two groups of patients
(P> 0.05).
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3.6. Statistics of the Exercise of the Two Groups of Patients.
+e exercise status of the two groups of patients is shown in
Figure 7. +e exercise completion rate of the observation
group was 100% within 28 days, and the completion rate of
the control group began to decrease from day 14 and
dropped to 82.08% at day 28.

3.7. Contrast of Average Flow Velocity per Unit Time of Ax-
illaryVein betweenTwoGroups. In Figure 8, the observation
group had no notable difference in the average flow velocity
per unit time of the axillary vein of patients within 28 days
and that before intubation (0d). +e average flow velocity
per unit time in the axillary vein of the control group
continued to decrease, and there was notable difference
between that at day 28 and before the intubation, P< 0.05.

3.8. Contrast of Occurrence of PICC-RT between the Two
Groups. +e results of real-time monitoring of PICC-RT
after catheterization in the two groups are shown in Table 3
and Figure 9. +e total number of cases and the Kaplan-
Meier curve were notably different (P< 0.05). +e

occurrence of PICC-RTcomplications in the two groups was
shown in Table 3. +ere was remarkable difference between
the two groups (P< 0.05). +e incidence of PICC compli-
cations in the control group was obviously higher in contrast
to observation group (P< 0.05).

4. Discussion

Based on MV algorithm, smoothing technique algorithm,
diagonal loading algorithm, and correlator algorithm were
optimized. +en the image obtained by the optimized al-
gorithm was compared with other algorithms. It was found
that the image lateral resolution and imaging contrast ob-
tained by the MV-N algorithm were relatively stable under
different L/M values. +e results showed that the robustness
of the MV algorithm was improved and the imaging stability
was increased. MV-N algorithm’s GPU imaging calculation
frame rate was more stable, and the acceleration was higher
than other algorithms. It meant that MV-N could improve
image quality and realize real-time imaging.

Moreover, there was no difference in the probability of
first occurrence of venous thrombosis between different

Table 1: PICC-RT risk factors analysis.

Risk factor χ2 I2% OR 95%CI P

Gender (male) 0.06 0 2.17 (1.27, 2.98) ≤0.001∗
Pathological type (lung cancer) 3.67 19 3.25 (2.28, 6.98) ≤0.001∗
Clinical stage (phase III-IV) 7.26 54 4.17 (1.67, 10.04) 0.003∗
Obesity (BMI>25) 5.28 38 4.43 (2.65, 6.76) ≤0.001∗
History of thrombosis 4.65 69 2.68 (1.78, 4.38) ≤0.001∗
Diabetes 0.62 0 2.83 (1.72, 4.62) ≤0.001∗
Intubation history 4.53 23 2.47 (1.65, 3.49) ≤0.001∗
History of chemotherapy 7.72 49 1.59 (1.19, 1.93) ≤0.001∗
Catheter type 0.86 0 4.05 (1.46, 7.65) ≤0.001∗
Tube placement (cephalic vein) 32.07 87 3.61 (1.53, 674) 0.001∗
Catheter tip position 4.25 23 4.97 (3.09, 8.19) ≤0.001∗
FIB (>4 g/L) 12.07 73 1.69 (0.67, 3.98) ≤0.001∗
Use of anticoagulant drugs 42.66 87 3.09 (1.29, 3.86) 0.005∗
D-dimer (D-D) (>0.5mg/L) 13.28 52 2.62 (2.02, 3.82) ≤0.001∗
∗+e difference was statistically notable.

0

2000

4000

6000

8000

10000

12000

0 0.04 0.08 0.12 0.16 0.2 0.24 0.28 0.32 0.36 0.4 0.44 0.48

Sp
ee

du
p 

ra
tio

 (C
PU

/G
PU

)

Sliding length/number of elements (L/M)

MV

MV-ESP
MV-SCF

MV-FB

MV-GCF
MV-DL
MV-N

Figure 5: Analysis of speedup ratio of ultrasound imaging with different algorithms.

Scientific Programming 5



genders, and women aged 20–35 had a higher probability of
occurrence of venous thrombosis [11, 12]. Stewart et al. [13]
pointed out that there were differences in the responses of
different genders to anticoagulant therapy. Hisada et al. [14]
suggested that obese patients were more likely to have ab-
normal coagulation factors, so the probability of venous

thrombosis was higher. +is statistical analysis revealed that
BMI higher than 25 was a risk factor for PICC-RT in tumor
patients. It may be related to the fact that obese patients had
less exercise and had blood viscosity and blood stasis [15],
which increased the risk of blood clots. Leeds et al. [16] and
Horner et al. [17] pointed out that patients with

(a)

(b)

(d)

(g)

(c)

(e)

(h)(f)

Figure 6: Ultrasound examination of PICC-RT in tumor patients. (a) Ultrasound image of internal jugular vein; (b) blood flow running in
the direction of the probe; (c) blood flow moving away from the direction of the probe; (d) pulsed blood flow signal; (e) venous blood flow
signal; (f ) PICC image; (G) puncture needle image; (h) PICC terminal thrombosis.

Table 2: Contrast of basic data of the two groups of patients.

Item Control group Observation group T/χ2 P

Age 54.28± 6.23 55.19± 5.93 0.287 0.563
Gender (female) 33 (37.08%) 36 (39.56%) 0.419 0.525
BMI 23.17± 2.72 24.18± 2.65 −0.832 0.884
Health score 84.19± 9.98 85.52± 10.13 −0.793 0.402
Breast cancer 27 (30.34%) 29 (31.87%) 0.529 0.418
Gastrointestinal cancer 36 (40.45%) 34 (37.36%) 0.515 0.411
Respiratory tract tumor 19 (21.35%) 22 (24.18%) 0.503 0.405
Others 7 (7.87%) 6 (6.59%) 0.496 0.392
0–6 months 49 (55.06%) 52 (57.14%) 0.023 0.905
More than 6 months 40 (44.94%) 39 (42.86%) 0.018 0.925
Pulmonary vein 31 (34.83%) 33 (36.26%) 1.323 0.942
Median cubital vein 22 (24.72%) 19 (20.88%) 1.275 0.918
Brachial vein 36 (40.45%) 39 (42.86%) 1.292 0.926
Catheter in left arm 47 (52.81%) 50 (54.95%) 0.117 0.542
Catheter in right arm 42 (47.19%) 41 (45.05%) 0.121 0.498
Catheter length 44.25± 5.29 43.62± 5.92 -0.498 0.623
Arm circumference 27.18± 2.21 25.97± 2.65 0.291 0.765
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Table 3: Contrast of occurrence of PICC-RT between the two groups (cases).

1 d 3 d 7 d 14 d 21 d 28 d Sum χ2 P

Control group 0 2 1 3 5 4 15 6.023 0.014Observation group 0 2 0 0 0 0 2
P 1.00 0.51 0.12 0.03 0.08 0.013
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Figure 9: Kaplan–Meier curve of two groups of patients.
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adenocarcinoma had a higher risk of venous thrombosis.
+is study found that adenocarcinoma was an independent
risk factor for PICC-RT. It may be because that the increased
mucin level of adenocarcinoma cells leaded to abnormal
expression of the coagulation system, resulting in throm-
bosis [18]. +e exercise regimens of patients with tumor
PICC were refined, and the probability of PICC-RT oc-
currence was compared between the observation group and
the control group. +e results showed that the incidence of
PICC-RTand its complications in the observation group was
notably lower, which was similar to the results of Yu et al.
[19].

5. Conclusion

In this work, MV algorithm was utilized to optimize the
ultrasonic image quality and image processing speed, and
the risk factors for patients with tumor complicated with
PICC-related thrombosis were discussed, so did the inter-
vention effect of upper limb movement method. However,
there are still some deficiencies in this research.+ere was no
statistical analysis of the thrombosis sites of the study
subjects. In the later study, the relevant thrombosis sites of
the study subjects will be further statistically analyzed. To
sum up, a novel algorithm that could increase the ultrasonic
image quality and calculation speed was established. Based
on the risk factors for PICC-RT, a kind of upper limb
movement that could reduce the occurrence of PICC-RTand
its complications was proposed.
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