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Abstract

Purpose There was no optimal risk assessment tool to stratify the risk of peripherally inserted central catheter-related venous
thromboembolism (PICC-RVT) in cancer patients. We currently use the Caprini risk assessment model for thrombotic risk
assessment, but no evidence exists on the effectiveness of Caprini in such patients. This study was to assess the validity of the
Caprini in Chinese cancer patients with PICCs.

Methods We conducted a prospective study of 468 participants. Following calculating the Caprini score, color Doppler ultra-
sonography was performed every 7 days for 3 weeks to confirm PICC-RVT.

Results There was a correlation between PICC-RVT and the Caprini score. Compared with scores of 5, the risk was 2.089-fold
greater (95% CI 1.165-3.743, P = 0.012) in patients with a score of 6 and 7, and 7.156-fold greater (95% CI 3.157-16.217, P <
0.001) in patients with scores >8. The area under the receiver-operating characteristic curve was 0.636 (95% CI 0.590-0.680; P <
0.001). 6 was the best cutoff point for Caprini, with a sensitivity of 0.76 and a specificity of 0.44.

Conclusions The Caprini can be used for high-risk screening of the PICC-RVT in cancer patients, and classification of the highest
risk level using a score of 6 can be more clinically significant compared to 5 as recommended. The results provide evidence for
the practitioner's early use of the Caprini to assess the thrombotic risk in patients with PICCs and take timely prevention
measures. But pharmacological prevention should be considered seriously for its low specificity.

Keywords peripherally inserted central catheter - venous thromboembolism - Caprini risk assessment model - risk stratification -

cancer

Introduction

Peripherally inserted central catheters (PICCs) have been fre-
quently used in patients with most cancers to supply extended
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chemotherapy [1]. Several reasons had made PICC among the
most common type of central venous catheter in medical prac-
tice, including its simplicity of insertion by nurses, perceived
safety, cost-effectiveness, and medium and long-term access
for drug administration (such as irritants and foaming agents)
in comparison to central venous catheters (CVC) [2—4].
Despite these benefits, they are with some complications in-
cluding PICC-related venous thrombosis (PICC-RVT) [5].
PICCs are associated with an up to 2.5-fold greater incidence
of venous thrombosis compared with CVCs [3]. The forma-
tion of PICC-RVT is greatly harmful and can lead to delays in
intravenous therapy, more medical costs, and even mortality
[6]. Rates of clinically manifest PICC-RVT have been report-
ed at 2% to 11%[7], while rates in patients with cancers had
been 6% to 15% [1, 8]. However, a wide variety of patients
have no apparent clinical manifestations after developing
thrombosis. The incidence of PICC-RVT reported in the liter-
ature that covered asymptomatic thrombus was between 35%
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and 71.9% [9, 10]. Many previous studies mainly focused on
symptomatic venous thrombosis, and many researchers did
Doppler-ultrasonography only if symptoms or signs sug-
gested thrombosis [1, 3, 11]. So, patients' asymptomatic
thrombi were not treated promptly and effectively. A risk
assessment instrument is crucial to improve the situation.

The implementation of scientific and effective prophylaxis
can reduce the incidence of venous thrombosis by 30%—60%
[9, 12]. And most guidelines recommended the use of prophy-
laxis for patients with an increased risk of developing venous
thrombus [13]. So, early assessment or high-risk screening is
of great significance. Several risk assessment models have
been used to forecast and evaluate the venous thrombosis risk
clinically. However, studies related to PICC-RVT are rare
[14]. Since there is currently no recognized PICC-RVT risk
prediction tool, we mainly use some deep venous thrombosis
risk assessment tools, such as the Caprini risk assessment
model (RAM) in these patients. Caprini RAM, which is per-
haps the most widely used risk prediction tool, has been well-
validated in many studies [15]. It has been integrated into
electronic medical records at many institutions[16]. Still,
whether Caprini RAM is suitable for the risk prediction in
patients with PICCs requires further study. To the best of
our knowledge, the most recent version of the Caprini RAM
has not been validated in cancer patients with PICCs. In this
study, we want to (a) assess the validity of the Caprini risk
assessment model in Chinese cancer patients with PICC and
(b) determine the incidence and the influence factors related to
PICC-RVT.

Methods
Study design and patients

A prospective study of cancer patients who underwent PICC
insertions from January 2018 to January 2019 was conducted
in a comprehensive teaching hospital. Each hospitalized pa-
tient should receive a series of blood sampling such as blood
routine, biochemical routine, and coagulation function, as well
as limb color Doppler ultrasonography before PICC catheter-
ization. Patients were enrolled if they (1) had been diagnosed
with a malignant tumor and (2) were planned to receive intra-
venous chemotherapy and needed PICC catheterization.
Patients were excluded if they (1) had a history of
anticoagulation use 1 week before catheterization, (2) received
anticoagulant therapy, (3) dropped out, or (4) removed the
PICC during follow-up.

Basic information and clinical data of the patients such as
demographics, history of present illness, physical examina-
tion, laboratory results, and relevant information on PICC
placement were collected from the electronic medical record.
Risk factors used to calculate the Caprini risk score were also
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captured. Our nurses would observe whether the catheter was
functioning normally during hospitalization. They would also
measure the arm circumference and ask patients if they had
symptoms such as pain, swelling, fever, increased skin tem-
perature, and so on. If a patient was suspected to have a ve-
nous thrombosis, color Doppler ultrasonography should be
used promptly to diagnose the presence of a thrombus.

According to the literature [17], about 28.1% of PICC-
RVT occurs within 1 week after catheterization, and 65.6%
of venous thrombosis occurs at 2—3 weeks. Therefore, we will
follow the subjects for three weeks (21 days). The discharged
patients came back for PICC maintenance by our nurses on
Day 7, Day 14, and Day 21 after catheterization. Color
Doppler ultrasonography was also performed on these days.
If the patients had symptoms such as pain, swelling, and in-
creased skin temperature, they came to the hospital immedi-
ately for color Doppler ultrasonography to check whether
there was thrombosis.

PICC insertion and maintenance

All PICC catheterizations had been operated on with the guid-
ance of ultrasound by our skilled vascular access nurse. And
all PICCs used in our study were single-lumen catheters (Bard
Access Systems, USA) with a length of 60 cm and a model of
4-French. The preferred puncture vessel was the basilic vein
of the right arm. However, if the precatheterization color
Doppler ultrasound confirmed thrombosis, the brachial or ce-
phalic veins or the left arm would be a substitution. Arm
circumference and length of the catheter had been measured
before catheterization. The chest X-ray films (PA position)
were carried out to determine the position of the catheter tip
to make certain that the catheter tip position was correct.

Our trained nurses provided the preservation of care for all
PICCs. The first maintenance was required 24 h after PICC
catheterization, and then, it was generally maintained weekly
[18, 19]. If there had been a curling edge of the dressing,
errhysis, and exudation at the puncture site, or extreme cough,
difficult defecation ensuing in catheter blocking, we would
maintain immediately. All PICCs were flushed with 10-ml
saline and then locked using 10-ml 25-IU/ml heparin saline
once a week normally [18]. Nurses would examine whether or
not the catheter was in normal function throughout mainte-
nance. They would additionally measure the arm circumfer-
ence and ask patients if they had signs and symptoms such as
pain, swelling, fever, and increased skin temperature.

Caprini risk assessment model

The Caprini risk assessment model (see Table 1) is originally
developed for medical and surgical patients by Caprini and his
colleges in 1991 [20], and it has been adopted and modified by
the American College of Chest Physicians (ACCP) guideline
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Table 1 Risk factors identified and definition of risk levels in the Caprini RAM [13]
Risk factors and scores Definition of risk
levels
Caprini Score 5: stroke; multiple trauma; elective major lower extremity arthroplasty; Hip, pelvis or leg fracture; acute spinal ACCP
RAM cord injury (paralysis). modification:
Score 3: Age (>75); history of DVT/PE; positive factor V Leiden; positive prothrombin G20210A; elevated serum  Very low risk: 0
homocysteine; positive lupus anticoagulant; other congenital or acquired thrombophilia; heparin-induced and 1
thrombocytopenia (HIT); family history of VTE; elevated anticardiolipin antibodies. Low risk: 2

Score 2: Age (61-74); central venous access; arthroscopic surgery; major surgery; malignancy; laparoscopic procedure Moderate risk: 3

>45 min; patient confined to bed; immobilizing plaster cast.
Score 1: Age (41-60); acute myocardial infarction; heart failure; varicose veins; obesity (BMI > 25); inflammatory

and 4
High risk: >5

bowel disease; sepsis; COPD or abnormal pulmonary function; severe lung disease, including pneumonia; oral
contraceptives or HRT; pregnancy or postpartum; history of an unexpected stillborn infant, recurrent spontaneous
abortion (=3), premature birth with toxemia or growth-restricted infant; medical patient currently at bed rest; minor

surgery planned; history of prior major surgery; swollen legs.

RAM risk assessment model, BMI body mass index, VTE venous thromboembolism, ACCP American College of Chest Physicians, COPD chronic

obstructive pulmonary disease

in 2012 [21]. The modified version estimates risk by adding
points for 39 risk factors weighted of 1-5 points each. By
calculating a risk score, patients were stratified into 4 catego-
ries: “very low risk” (0 and 1 point), “low risk” (2 points),
“moderate risk” (3 and 4 points), or “high risk” (=5 points)
[21]. ACCP-9 recommended the application of Caprini RAM
in nonorthopedic surgical patients [21]. Studies have also con-
firmed [13, 22, 23] its validity in medical patients. Due to the
lack of a suitable instrument for screening the thrombus risk in
patients with PICC, many hospitals in China currently use
Capirni risk assessment model for the PICC-RVT risk screen-
ing in medical patients.

Statistical analysis

In our study, continuous variables with a normal distribution
were summarized as mean and standard deviation (SD). A ¢
test was used to compare the difference between groups. Data
not normally distributed were expressed as median (interquar-
tile range), and nonparametric tests were used to compare the
difference between groups. Categorical variables were pre-
sented as frequencies and percentages, group comparisons
were carried out using the chi-squared test. But for some of
those who have low expected counts, a Fisher exact test was
used instead. Receiver-operating characteristic curves were
plotted according to the sensitivity and specificity of Caprini
RAM, and the area under the curve (AUC) and 95% CI were
also calculated. Then, MEDCALC version 19.2 (https:/www.
medcalc.org) was used to provide the sensitivity and
specificity with confidence limits at every observed cut point
for Caprini RAM.

Binary logistic regression analyses were used to identify
factors associated with PICC-RVT and to estimate the adjust-
ed odds ratio and 95% confidence intervals. The Box-Tidwell

method was used to test whether the continuous-independent
variable was linear with the logit transformed value of the
dependent variable. A total of 10 items were included when
testing the linear model, and the significance level was 0.0005
after the Bonferroni correction. The results of the linearity test
yielded a linear relationship between the continuous indepen-
dent variable and the logit transformed value of the dependent
variable. 27 observations had studentized residuals greater
than 2.5 times the standard deviation but were retained in
the analysis. All statistical tests were two-tailed, and P <
0.05 was considered statistically significant. Data were per-
formed using SPSS version 26.0 (IBM, Armonk, NY, USA).

Ethical approval and informed consent

Approval was obtained from the ethics committee of the hos-
pital. Written informed consent was obtained from all the
participants included in this study. The procedure used in this
study adheres to the tenets of the Declaration of Helsinki.

Results
Participant characteristics

We recruited cancer patients in a comprehensive teaching
hospital from January 2018 to January 2019. 468 cancer pa-
tients were enrolled in this study. There were 351 men
(75.0%) and 117 women (25.0%), with a mean age of 57.43
years, ranging from 18 to 79 years. The vast majority of sub-
jects had PICC placed in the right arm (91.7%), basilic vein
selected (85.0%). Most patients (98.5%) had a body mass
index (BMI) < 30 kg/mz, with 80.6% of patients in the cate-
gory of <25 kg/m?. Table 2 shows the detailed characteristics
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Table 2  Characteristics of PICC-RVT and no PICC-RVT cases

Characteristics PICC-RVT (n = 82) No PICC-RVT (n = 386) Statistics value P value
Male gender 69 (84.1%) 282 (72.8%) 4436 0.035"
Age (years) 62.0 (53.0-67.0) 59 (50.0-64.0) 2278 0.023"
Age group 7.579° 0.046"
4060 years 32 (39.0%) 204 (52.8%)

61-74 years 43 (52.4%) 160 (41.5%)

>75 years 3 (3.7%) 4 (1.0%)

BMI (kg/m?) 22.46 +3.45 22.89 +3.31 1.099 0.295
>25 kg/m? 8 (9.8%) 83 (21.5%) 5.958 0.015"
>30 kg/m® 2 (2.4%) 5(1.3%) 0.075° 0.784
Right arm selected for insertion 73 (89.0%) 356 (92.2%)

Vein selected for insertion 0.909 0.340
Basilic 74 (90.2%) 357 (92.5%)

Other 8 (9.8%) 29 (7.5%)

Types of cancer 0913 0.633
Lung cancer 52 (63.4%) 255 (66.0%)

Esophagus cancer 21 (25.6%) 101 (26.2%)

Other 9 (11.0%) 30 (7.8%)

Chemotherapy regimen 4.891 0.299
Pemetrexed-cisplatin 13 (15.9%) 51 (13.2%)

Etoposide-cisplatin 9 (11.0%) 55 (14.2%)

Gemcitabine-cisplatin 5(6.1%) 43 (11.1%)

Paclitaxel-cisplatin 48 (58.5%) 187 (48.4%)

Other 7 (8.5%) 49 (12.7%)

History of smoking 47 (57.3%) 208 (53.9%) 0.321 0.571
History of DVT 37 (45.1%) 80 (20.7%) 21.469 <0.001"
History of surgery 31 (37.8%) 155 (40.2%) 0.156 0.693
Diabetes 37 (45.1%) 131 (33.9%) 3.676 0.055
History of PICC catheterization 9 (11.0%) 25 (6.5%) 2.032 0.154
Placement attempts >1 16 (19.5%) 19 (4.9%) 20.806 <0.001""
History of chemotherapy 17 (20.7%) 51 (13.2%) 3.079 0.079
D-dimer > 0.55 mg/L 35 (42.7%) 152 (39.4%) 0.308 0.579
APTT, s 29.20 (27.45-32.20) 30.00 (27.20-32.80) —0.603 0.546
PT, s 12.00 (11.50-13.10) 11.80 (11.20-12.45) —1.843 0.065
WBC, x10°/L 6.36 (4.94-9.02) 6.06 (4.97-7.67) -1.362 0.532
Platelet, x10°/L 203.50 (177.50-268.25) 199.00 (158.00-245.00) —0.625 0.173

Data are presented as number of patients (%), mean + SD, median (interquartile range)

APTT activated partial thromboplastin time, BMI body mass index, DVT deep venous thrombosis, PICC-RVT peripherally inserted central venous
catheter-related venous thrombosis, PT prothrombin time

“P<0.05 " P<0.001
#Using Fisher exact tests

® Using continuing correction of chi-square test

of PICC-RVT cases and no PICC-RVT subjects. There were
statistically significant differences between the group PICC-
RVT and no PICC-RVT concerning gender, age, BMI, history
of deep venous thrombosis, and placement attempts >1 (all P

<0.05).
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Incidence rate of PICC-RVT and risk stratification of

Caprini RAM

A total of 82 (17.5%) cancer patients were identified as having
PICC-RVT, including 10 (2.1%) symptomatic thrombosis and
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Table 3  Risk stratification according to Caprini RAM high risk level (V = 468)

N (%) PICC-RVT (n=82) No PICC-RVT (n=386) OR for VTE = 95% CI P value
Average cumulative risk scores - 6.0 (5.8-7.0) 6.0 (5.0-6.0) - - <0.001""
High risk with score 5 179 (38.2%) 18 (10.1%) 161 (89.9%) 1
High risk with score 6 185 (39.5%) 33 (17.8%) 152 (82.2%) 1.942 1.049-3.594 0.032"
High risk with score 7 58 (12.4%) 13 (22.4%) 45 (77.6%) 2.584 1.177-5.672 0.015"
High risk with score 8 24 (5.1%) 12 (50.0%) 12 (50.0%) 8.944 3.505-22.824  <0.001°"
High risk with score >9 12 (2.6%) 4 (33.3%) 8 (66.7%) 4472 1.225-16.333  0.014"
P trend <0.001™
High risk with score 5 179 (382%) 18 (10.1%) 161 (89.9%) 1
High risk with score 6 and 7 243 (51.9%) 46 (18.9%) 197 (81.1%) 2.089 1.165-3.743 0.012"
High risk with score >8 36 (7.7%) 16 (44.4%) 20 (55.6%) 7.156 3.157-16217  <0.001""
P trend <0.001™

Data are presented as number of patients (%), median (interquartile range)
"P<0.05 " P <0.001

72 (15.4%) asymptomatic thrombosis. There were 56 (68.3%)
PICC-RVT that occurred within 7 days, 16 (19.5%) of 82
cases occurred between 7 and 14 days, and 10 of them
(12.2%) occurred between 15 and 21 days.

Among all participants, the mean Caprini score was 5.89
(SD = 1.04), ranging from 4 to 11. The incidence of PICC-
RVT for each score was presented in Fig. 1 and Table 3. As
the score increases, the incidence of thrombosis is generally
on the rise. The median cumulative risk score of Caprini in
participants who developed PICC-RVT was significantly
higher than that in patients with no PICC-RVT (median score
6.0 [5.8-7.0] vs. 6.0 [5.0-6.0], P < 0.001). We continued risk
stratification in patients with a score >5, and the chi-square test
showed a statistically significant difference in the incidence of

Fig. 1. Caprini score and
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PICC-RVT among three groups (x* = 25.355, P < 0.001).
Compared with the group with a score of 5, the risk was
2.089-fold greater (95% confidence interval (CI) 1.165—
3.743, P = .012) in patients with a score of 6 and 7, and
7.156-fold greater (95% CI 3.157-16.217. P < 0.001) in the
group with scores >8.

ROC curve analysis

Analysis of ROC curves (Fig. 2) indicated that the area under
the curve (AUC) was 0.636 (95% CI, 0.590-0.680: P <
0.001). A cumulative risk score of 6 was the best cutoff point
for Caprini RAM, with a sensitivity of 0.76 (95% CI 0.65—
0.84), and a specificity of 0.44 (95% CI 0.39-0.49) (Table 4).
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Table 4 Criterion values and coordinates of the ROC curve

Criterion  Sensitivity (95% CI)  Specificity (95% CI) Youden index
>4 1.00 (0.96-1.00) 0.00 (0.00-0.010) 0

>5 0.98 (0.92-0.99) 0.02 (0.01-0.04) 0

>6 0.76 (0.65-0.84) 0.44 (0.39-0.49) 0.192

>7 0.35(0.25-0.47) 0.83 (0.79-0.87) 0.185

>8 0.20 (0.12-0.30) 0.95 (0.92-0.97) 0.143

>9 0.05(0.01-0.12) 0.98 (0.96-0.99) 0.028

>10 0.01 (0.00-0.07) 0.99 (0.98-1.00) 0.007

>11 0.00 (0.00-0.04) 0.99 (0.98-1.00) —0.003

>12 0.00 (0.00-0.044) 1.000 (0.990-1.000) 0

Related factors of PICC-RVT in the study population

In the univariate analysis, 5 factors (male gender, age, BMI >
25 kg/mz, history of DVT, and placement attempts >1) were
related statistically significantly (all P < 0.05) with an in-
creased risk of PICC-RVT in cancer patients. Variables that
had a P value < 0.10 in univariable analysis were selected for
inclusion in the multivariable model.

The final logistic model was statistically significant (x* =
52.040, P < 0.001). The model was able to correctly classify
83.0% of the study subjects. Of the 9 variables included, his-
tory of DVT (OR =4.475, 95% CI 1.992—10.055), placement
attempt >1 (OR = 5.244, 95% CI 2.434-11.298), history of
chemotherapy (OR = 2.014, 95% CI 1.038-3.910), and

ROC Curve
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Fig. 2. Receiver operating characteristic curves of the Caprini RAM
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decreased PT (OR = 3.898, 95% CI 1.265-12.013) were sta-
tistically significant (All P < 0.05) (Table 5).

Discussion

Cancer patients with PICCs have high risks of venous throm-
bosis. Our study found 82 (17.5%) patients with PICC-RVT
among 468 cancer patients, only 10 (2.1%) developed symp-
tomatic thrombosis. In a previous retrospective study in 522
PICCs, venous thrombosis was at a rate of 2.9% [24], which
was similar to our study. However, a large number of patients
have no obvious clinical manifestations after developing
thrombosis and many previous studies mainly focused on
symptomatic venous thrombosis, and most researchers did
Doppler-ultrasonography only if symptoms or signs sug-
gested thrombosis [1, 3, 11]. So, patients' asymptomatic
thrombi were not treated promptly and effectively. Besides,
clinicians have no way to identify patients who might be at
high risk for VTE when considering PICC placement. A sim-
ple but effective risk assessment instrument is crucial to im-
prove the situation.

Caprini RAM was developed originally for surgical and
medical patients, and there is convincing evidence of its va-
lidity in surgical patients [22, 25]. It has also been proved to be
autility in medical patients [13, 23, 26]. Bo et al. [15] assessed
risks for VTE generally in a large sample (N = 24,524) of
Chinese medical and surgical inpatients from 25 hospitals.
They reported an AUC of 0.74 (95% CI [0.71, 0.77]) for the
Caprini score overall, 0.77 [0.74, 0.81] for surgical and 0.66
[0.60, 0.71] for medical inpatients. Their results indicated that
the Caprini RAM had lower accuracy for predicting VTE in
nonsurgical patients compared to surgical patients. Their
AUC for medical inpatients is similar to our results (AUC
0.64 95% CI 0.59-0.68).

In our study, each of our subjects met the two items of
“Malignancy (score 2)” and “Central Venous Access (score
2)” and had a score of at least 4 (moderate risk) as assessed
using Caprini. 458 (97.9%) of them had a score of >5
(Pharmacological prophylaxis is obligatory if there is a low
risk of bleeding, recommended by the American College of
Chest Physicians guideline, 9th edition.) while only 80 pa-
tients developed PICC-RVT. So, if we use Caprini RAM to
evaluate the PICC-RVT risk and guide prophylaxis in cancer
patients with PICC as recommended, nearly 82.5% of patients
may have limited benefit from it. Therefore, reconsideration of
the classification of thrombotic risk in this population and the
risks and benefits encouraging the use of VTE prophylaxis
appears necessary. By further dividing the highest risk cate-
gory in our study, we found that risk was 2.09-fold greater in
the 'High risk with a score of 6 and 7 group and 7.16-fold
greater in the group with scores >8 compared with the group
with a score of 5. The finding is consistent with the results of
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Table 5 Results of binary logistic

regression model Variables B S.E. Wald P value Exp (B) (95% CI)
Male Gender —0.655 0.355 3.397 0.065 0.520 (0.259-1.042)
Age (years) 0.022 0.014 2.536 0.111 1.022 (0.995-1.049)
BMI (kg/m?) > 25 0.162 0319 0.258 0.611 1.176 (0.630-2.195)
History of DVT 1.498 0.413 13.160 <0.001" 4.475 (1.992-10.055)
Diabetes 0.311 0.289 1.162 0.281 1.365 (0.775-2.403)
Placement attempts >1 1.657 0.392 17.912 <0.001" 5.244 (2.434-11.298)
History of chemotherapy 0.700 0.338 4.284 0.038" 2.014 (1.038-3.910)
Decreased PT 1.360 0.574 5.612 0.018" 3.898 (1.265-12.013)
Constant -3.374 0.837 16.260 <0.001 0.034

BMI body mass index, DVT deep venous thrombosis, PT prothrombin time

"P<0.05 " P<0.001

the study by Bo et al. [15] that further stratification of the
highest risk category is necessary to determine the exact extent
of risk. In the ROC curve analysis, the sensitivity of the
Caprini was 0.76 and the specificity was only 0.44 at the
cutoff value of 6. Nearly 90% of the participants scored be-
tween 5 and 7, so the Caprini could not accurately distinguish
these patients. The low specificity may lead to increased “mis-
diagnosis” which can lead to overtreatment. A prospective
study had also found the possibility of overtreatment with
Caprini [27].

In addition to what the Caprini evaluated, we also collected
some other variables that may be related to PICC-RVT. We
found that the history of DVT, placement attempt >1, history
of chemotherapy, and decreased PT were statistically signifi-
cantly correlated with PICC-RVT in the final logistic model.
However, only the “history of DVT” was included in the
Caprini model. Other items of this assessment tool did not
become independent risk factors in our logistic model, which
may be related to the good general conditions of the target
population during sampling. For example, we did not have
patients such as “continuous bed rest >72 h”, “history of prior
major surgery (<1 month)”, “stroke (<1 month)”, and so on.
Literature reported [28] that patients with obesity (BMI > 30
kg/m?) and a recent history of surgery had a higher risk of
PICC-RVT compared with none obese patients without a re-
cent history of surgery. The incidence of thrombosis also in-
creases with the effective catheter diameter and thus the num-
ber of lumens used [1, 3]. We only used single lumen catheters
with 4Fr in our study. Some previous studies indicated that a
high D-dimer level before PICC placement was associated
with the development of PICC-RVT, especially for patients
with D-dimer level >0.55mg/L [29, 30]. We did not get such
results. The study of Kang et al. [31] was similar to ours that
the D-dimer level before PICC insertion could not predict
PICC-RVT. This is possibly because the catheter-related co-
agulation mechanism had not been activated [31].

It could be noted that unlike the population in which
Caprini RAM was validated, patients with PICCs had an

increased risk of upper extremity venous thromboembolism
(VTE), and endothelial damage during catheterization [1] was
greatly related in addition to the blood stasis and hypercoag-
ulable state [15] to be assessed by Caprini RAM. PICC inser-
tion could cause mechanical injury to the vascular wall and
thrombosis. And the catheter itself could injure the vein con-
stantly because of its pressure against the vein wall and the
rubbing caused by respiratory and body movements [32]. That
said, it is important to develop a risk assessment tool in this
distinct population. Caprini does not discriminate degrees of
elevated risk, given the joint presence of a cancer diagnosis
and a PICC line. However, the amount of work involved in
developing a risk assessment tool is substantial, and there may
be ways an existing instrument can be modified to make it
suitable for use in this distinct population.

Our study still had some limitations. Firstly, this was a
single-center study with a small sample size. We only follow-
ed patients for 21 days. Catheter-related venous thrombosis
occurring after 21 days has been reported in the literature [11].
So, there may be some bias in the statistics of the incidence of
PICC-RVT. Secondly, the predictive assessment was only
performed once after catheterization, and no dynamic assess-
ment was performed thereafter. When the patients' various
indicators changed, whether it needed to be reassessed, and
when to reassess was not considered. It should be improved
and supplemented in future studies. Finally, our subjects were
mainly patients with lung cancer and esophageal cancer,
which may have some impact on the results.

Despite some limitations, our study validates the effective-
ness and feasibility of the Caprini risk assessment model in
cancer patients with PICCs and shows relatively satisfactory
results. It can help clinicians to identify patients who might be
at high risk for VTE when considering PICC placement. And
can also help doctors and nurses perform timely
thromboprophylaxis for their patients after catheterization to
ensure the patients' safety. However, for which risk level peo-
ple should use anticoagulant therapy preventively, there
should be more studies with a large sample size to provide
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evidence. Also, future studies should consider constructing
new thrombosis risk assessment models for patients with
PICC or modifying and refining the existing mature models
like Caprini RAM to apply to this population.

Conclusion

We found that the Caprini RAM can be used for high-risk
screening of the PICC-RVT in cancer patients, and classifica-
tion of the highest risk level using a cumulative score of 6 can
be more clinically significant. Patients with higher scores had
a higher risk of thrombosis, but pharmacological prevention
should be considered carefully for its low specificity.
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