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Background: Although the peripherally inserted central catheter (PICC) has been widely utilized, there is
still a lack of large sample size-based relevant risk factor investigation for the children with blood diseases in
a single center of China.

Methods: We performed a retrospective cohort study through including a total of 2,974 cases aged 0-18
years with blood diseases and PICC insertion. Success rates of different PICC operation techniques were
compared. Targeting the common PICC-related complications, we performed the univariate and multivariate
logistic regression analyses. Then, based on the screened risk factors, the prediction modeling analysis of
binary logistic regression was conducted.

Results: The “B-ultrasound plus Seldinger technology” showed a higher success rate of PICC placement
than the “non-assistive blind insertion”. The catheter type was closely linked to the occurrence of catheter
occlusion. The age, insertion site, and catheter type might be the risk factors of phlebitis, while the insertion
site, operation season, and catheter type might be associated with catheter fracture. Furthermore, based on
these risk factors, we established the nomogram prediction models of phlebitis, rash occurrence, and catheter
fracture, respectively, which shows a good predictive ability and a moderate level of predictive accuracy.
Conclusions: Our findings first shed new light on the preoperative estimation of the risk factors of PICC-

related complications for the children with blood diseases in China.
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Introduction the chemotherapy drug-induced blood vessel damage (1,4).
The peripherally inserted central catheter (PICC) with Since PICC catheterization was introduced into China

safe venous entry has been widely utilized for patients with in the late 1990s, PICC has been extensively used in

a variety of severe diseases, especially tumors (1-3). PICC tumor chemotherapy, nutritional pathway establishment
can significantly reduce the number of venipunctures in of premature infants, and tumor chemotherapy of children
patients with chemotherapy or long-term treatment, and (5,6). PICC helps hospitalized infants or children with pain
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relief during treatment. However, a series of PICC-related
complications, such as infection, phlebitis, rash, catheter
occlusion, or fracture after PICC implantation still occurred
(6-9). It is meaningful to systematically analyze the PICC-
related clinical complications, based on a large sample size.
In this study, we performed a retrospective cohort
study for the comparison of different PICC insertion
technologies, and the risk factor investigation of common
PICC-related non-infectious complications (rash, phlebitis,
rash occurrence, and catheter fracture), by including nearly
3,000 Chinese children with hematologic diseases, collected
by our center over fourteen years. Several risk factors,
including gender, age, insertion site, operation season, and
catheter type, were concerned. We present the following
article in accordance with the MDAR checklist (available at
http://dx.doi.org/10.21037/apm-20-1771).

Methods
Patients

Between March 2004 and December 2018, a total of
2,974 patients aged 0-18 years old with hematological
diseases who underwent PICC placement were enrolled
in our retrospective study. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Our study has been were reviewed and approved by
the clinical research ethics committee of Blood Diseases
Hospital & Institute of Hematology, Chinese Academy
of Medical Sciences [HG2020007-EC-1]. Due to the low
risk of retrospective project, consent was not required. We
extracted the basic information, such as gender, age, disease
type, therapy, surgical method, insertion site, operation
season, catheter type, PICC-related complications, and
analyzed the distribution feature of the age, gender, disease

type, and therapy.

PICC operation

Using the sterile technique, the catheter was inserted at the
bedside or operating room by qualified PICC nurses. Before
placing the tube, the puncture arm must be thoroughly
cleaned with chlorhexidine disinfectant. There are four
types of PICC techniques, namely the “non-assistive blind
insertion”, “only B-ultrasound”, “only Seldinger”, and
“B-ultrasound plus Seldinger”. The success rates of these
technologies were analyzed. Two puncture positions of

the catheter, including “under the elbow” and “above the
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elbow”, were used in our center. There were three main
types of catheter, namely Groshong® NXT ClearVue™
Catheter 4F (4F), Groshong® Catheter 3F (3F), and Power
catheter (power). We selected the catheter type based on
the principle that the ratio of the catheter to vessel diameter
(A/B) was less than 45% (Figure S1).

Complication definition

PICC-related complications were monitored and treated by
the clinicians and nurses in our center. The complications,
such as infection, catheter occlusion, catheter fracture,
and phlebitis, were defined according to the guidance
of “Infusion Nursing Standards of Practice” (10). The
incidence curve of common PICC-related complications
was made.

Statistical analysis

Using the SPSS software (IBM SPSS statistics 20), we
performed the chi-square test to analyze the difference
in the success rate of different surgical methods. * and P
values were provided. Bonferroni-adjusted P values were
used for the comparison of the two groups.

Besides, we utilized the “rms” R package to perform
the univariate and multivariate logistic regression analyses
to analyze the potential risk factors of the common
complications, respectively. The sample size, odds ratio
(OR), 95% confidence interval (CI), and unadjusted P value
in the univariate logistic regression analysis were shown in a
table. The result of multivariate logistic regression analysis
was visualized as a forest plot with adjusted P value, OR
with 95% CI, using “plot ()” R function. P values <0.05
were considered statistically significant. Positive results in
forest plot were marked with a red box.

Then, we performed the modeling analysis of binary
logistic regression for the phlebitis, rash occurrence, and
catheter fracture, respectively. After data sorting, only the
cases with full clinical information (n=2,939) were enrolled.
Using R functions of “sample ()”, a total of 2,057 cases was
randomly selected as training cohort, and 882 cases were
used as test cohort. Based on the R functions of “Irm ()”,
“nomogram ()”, and “plot ()”, we obtained the nomogram
and followed the forest plot in the training cohort. The
“calibrate ()” function of the “ggstatspot” R package was
also used to obtain the calibration curve for the assessment
of the difference between the predicted and true value.
Finally, we performed the receiver operating characteristic

Ann Palliat Med 2021;10(3):2971-2978 | http://dx.doi.org/10.21037/apm-20-1771


http://dx.doi.org/10.21037/apm-20-1771
https://cdn.amegroups.cn/static/public/APM-20-1771-supplementary.pdf

Annals of Palliative Medicine, Vol 10, No 3 March 2021

Table 1 Distribution feature of enrolled patients with PICC

Distribution factor Group Number %

Age Mean age 6.2 0.1-18*
Gender Male 1,797 60.4%
Female 1,177 39.6%

Disease type ALL 2,259 76%
AML 349 11.7%

APL 64 2.2%
HAL 2 0.07%

Lymphoma 36 1.2%

MDS 4 0.1%
HPS 1 0.03%
JMML 2 0.06%

SAA 255 8.5%
HA 1 0.08%

*, age range; ALL, acute lymphoblastic leukemia; AML, acute
myeloblastic leukemia; APL, acute promyelocytic leukemia;
HAL, acute heterozygotic leukemia; MDS, myelodysplastic
syndrome; HPS, haemophilic cell syndrome; JMML, juvenile
chronic granular mononuclear leukemia; SAA, sever aplastic
anemia; HA, hemolytic anemia.

(ROC) analysis in both training and test cohorts, using
the “pROC” R package. And the value of area under curve
(AUC) was shown in the ROC curve, through the setting
of “print.auc=TRUE” in the “plot.roc ()” function. The
software of R language (version R-3.6.1) was utilized.

Results
Distribution feature of included patients with PICC

A total of 2,974 children blood disease patients with PICC
was enrolled in our study. As shown in Tuble 1, the mean
age was 6.2 years old (from 0.1 to 18 years), and 60.4%
(n=1,797) of patients were male. The main type is acute
lymphoblastic leukemia (ALL, 76%, n=2,259). In addition,
the patients of ALL, acute promyelocytic leukemia (APL),
acute myeloblastic leukemia (AML), acute heterozygotic
leukemia (HAL), myelodysplastic syndrome (MDS),
haemophilic cell syndrome (HPS), and juvenile chronic
granular mononuclear leukemia (JMML) underwent
the chemotherapy, while the patients of sever aplastic
anemia (SAA) and hemolytic anemia (HA) received the
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immunosuppressive therapy.

Success rate difference of PICC operation techniques

Based on the PICC operation technique, we obtained four
groups, namely “non-assistive blind insertion” (n=550),
“only B-ultrasound” (n=48), “only Seldinger” (n=1,067),
and “B-ultrasound plus Seldinger” (n=1,309). The success
rate of these four groups was analyzed. As shown in Table 2,
we observed a significant statistical difference among these
techniques (P<0.01). The success rate of PICC insertion
in the “B-ultrasound plus Seldinger” group and “only
Seldinger group” are statistically higher than that in the
“none-assistive blind insertion” group (Tuble 2).

Complication status analysis data

There were four types of common complications, including
the rash (453 cases, 15.2%), catheter occlusion (433 cases,
14.6%), mechanical phlebitis (282 cases, 9.5%), and
internal/external catheter fracture (164 cases, 5.5%), and
several rare complications, including the total catheter
detachment (34 cases, 1.1%), catheter-related bloodstream
infection (9 cases, 0.3%), catheter rupture (intravascular 2
cases, 0.06%; extravascular 9 cases, 0.3%). Therefore, we
focused on the assessment of the risk factors of the above
four common complications. The annual incidence trends
of common complications were indicated in Figure 1. We
observed a clear downward trend for the complications of
phlebitis and external catheter fracture, and a peak for the
complications of catheter occlusion in 2015 or rash in 2016
(Figure I).

Logistic regression analysis data

Next, we first utilized the univariate and multivariate
logistic regression analyses to determine the potential risk
factors of the rash complication, respectively. The factors of
gender (male, female) and age (1-3, 4-6, 7-10, and 11-18),
insertion site (above/under the elbow), catheter type (3E, 4F,
and power), operation season (spring, summer, autumn, and
winter) were considered. The univariate logistic regression
analysis results of rash (Table S1) showed a decreased risk
of rash in the groups of “female” (OR =0.678, P<0.001),
“4_6” (OR =0.714, P=0.008), “7-10” (OR =0.55, P<0.001),
“11-18” (OR =0.536, P<0.001), “under the elbow” (OR
=0.552, P<0.001), “autumn” (OR =0.682, P=0.008),
“winter” (OR =0.66, P=0.005), when comparing with the
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Table 2 Comparison of success rate of different PICC operation techniques

Group Title number Success Failure X P value
None-assistive blind insertion 550 531 19*° 33.613 <0.01
Only B-ultrasound 48 47 1 - -
Only Seldinger 1,067 1,056 11° - -
B-ultrasound plus Seldinger 1,309 1,305 4° - -
Total 2,974 2,939 35 - -

b statistically significant difference between “only Seldinger” group and “B-ultrasound plus Seldinger” group.
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Figure 1 Incidence curve of common PICC-related complications.

corresponding control groups of “male”, “0-3”, “above the
elbow”, and “spring”, respectively. In terms of the catheter
type, there is a higher risk of rash in the “power” group
(Table S1, OR =1.903, P<0.001), but a lower risk in the
“4F” group (OR =0.465, P<0.001), than that in the “3F”
group. Furthermore, we performed the multivariate logistic
regression analysis and showed the result as a forest plot
in Figure S2. We observed similar results for the factors
of gender, age, operation season (all OR <1, P<0.05), and
catheter type (OR =0.713, P=0.027 for “4F”; OR =3.018,
P<0.001 for “power”), but not the insertion site (P=0.132,
Figure S2). These suggested that the gender, age, insertion
site, catheter type, and operation season might be the risk
factor of PICC-related rash. The male PICC Children
(“0-3” years) hospitalized in the spring and summer with
the catheter type of “power” are more likely to suffer from
the rash complication.

Using the same analytical approach, we performed the
univariate and multivariate logistic regression analyses
for the complications of catheter occlusion, phlebitis, and
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catheter fracture, respectively. We obtained the potential
risk factors for each complication. Briefly, with regards to
catheter occlusion, we only obtained one risk factor, namely
the catheter type (Table S2 and Figure S3). Compared
with the PICC cases with “3F” catheter type, there is an
increased risk of catheter occlusion in the “power” group
(Table S2, OR =4.982, and Figure S3, OR =5.861, P<0.001),
but a reduced risk in “4F” group (Table S2, OR =0.404,
and Figure S3, OR =0.475, P<0.001). In addition, the age,
insertion site, and catheter type might be the risk factors of
phlebitis (Table S3 and Figure S4), while the insertion site,
operation season, and catheter type might be the risk factors

of catheter fracture (Table S4 and Figure S5).

Modeling analysis data of visk factors

Based on the obtained risk factors, we performed the
modeling analysis of binary logistic regression for phlebitis,
respectively. The data was visualized by a nomogram and
forest plot. As shown in Figure 24, we combined three factors
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Figure 2 Modeling analysis based on the risk factors of phlebitis. (A) Nomogram; (B) Forest plot; (C) Calibration curve.

(age, insertion site, catheter type) to establish a prediction
model of the nomogram for the assessment of phlebitis
risk. Based on the total point of each PICC case, the rate
of phlebitis risk can be predicted. Figure 2B showed the
corresponding forest plot. The predicted calibration curves
(apparent and bias corrected) are closer to the ideal standard
curve (Figure 2C), suggesting a better predictive ability of the
nomogram. Furthermore, we observed a moderate level of
predictive accuracy in both training (Figure 34, AUC =0.704)
and test (Figure 3B, AUC =0.714) cohorts.

Based on the same modeling strategy, we provided the
risk prediction models of rash occurrence (Figures S6,57)
and catheter fracture (Figures S8,59) for the patients with
PICC insertion. The modeling analysis of catheter occlusion
was not conducted, due to the identification of only one risk
factor, as stated above. There was an agreement of nomogram
prediction with actual observation in the predicted calibration
curves (Figure S6C and Figure S8C). Also, we detected a
moderate level of predictive accuracy for the risk of rash in
the test cohort (Figure S7B, AUC =0.724), but a slightly low
level of predictive accuracy in the training cohort (Figure S7A,
AUC =0.669). There was also a moderate level of predictive
accuracy for the risk of catheter fracture in both the training
(Figure S9A, AUC =0.717) and test (Figure S9B, AUC
=0.728) cohorts.

Discussion

In this study, we summarized the information on the PICC
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placement methods of all 2,974 cases (<18 years) to analyze
the difference in success rate. With the development of
detection technology and clinical practice, the Seldinger
and ultrasound techniques can be applied for the guiding
of PICC placement (11-13). In our center, the most
used PICC operation technique is “B-ultrasound plus
Seldinger”, followed by “only Selinger” and “none-assistive
blind insertion”. The Seldinger technique with or without
B-ultrasound imaging shows a higher success rate than the
outdated blind insertion. Even though we did not obtain the
statistical difference of success rate between “B-ultrasound
plus Seldinger” and “only Seldinger” groups, the success
rate of the “B-ultrasound plus Seldinger” technique (99.7%)
is higher than that of “only Seldinger” (98.9%). Thus,
Seldinger technology with B-ultrasound imaging applies to
pediatric patients with blood diseases.

We analyzed the potential links of several factors (gender,
age, insertion site, catheter type, and operation season)
and the presence of common PICC-related complications
(rash, phlebitis, rash occurrence, and catheter fracture).
In terms of gender, we only observed the potential link
between females and the low risk of rash. For the age factor,
the patients aged more than three years old tend to suffer
from the occurrence of phlebitis but exhibit a lower risk of
rash, compared with the patients (<3 years old). Besides, we
found that the patients with the PICC treatment in winter
and autumn have a low risk of rash and catheter fracture.
The possible reason is that spring is the season prone to
allergic diseases, and male children aged 1-3 years have
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Figure 3 ROC data of phlebitis. (A) Training cohort; (B) test cohort.

high activity and sweat easily.

Differ PICC type was reported with the incidences of
postinsertion complications (14). In our center, there are
two types of catheter materials, namely silicone material
(3F and 4F) and polyurethane material (power). For this
cohort, the most used type is “4F”, followed by “3F” and
“Power”. When compared to the “3F” group, there is a
lower risk of rash, catheter occlusion, and catheter fracture
in the “4F” group. Also, the cases with the “power” catheter
showed a higher risk of rash and catheter occlusion, but a
lower risk of phlebitis and catheter fracture, than that with
the “3F” catheter. The catheter materials may contribute to
the difference (15). The utilization of “power” catheter type
might contribute to the peaks for the incidence of catheter
occlusion in 2015 or rash in 2016 (Figure I). Appropriately
increasing the number of flushing is useful to reduce the
occurrence of catheter occlusion for child patients who
carried the “power” catheter. Besides, there is a higher risk
of phlebitis and catheter fracture in the “under the elbow”
group than that in the “above the elbow” group. To avoid
placing catheters in areas of flexion is very important to
reduce phlebitis. After 2011, the clear downward trend for
the incidence of phlebitis and external catheter fracture
(Figure T) might be caused by the utilization of the insertion
site (above the elbow) in our center.

Based on the above findings, we established a prediction
nomogram model of phlebitis, rash, and catheter fracture,
respectively. Using the nomogram, we can obtain the scores
of each risk factor for one patient. Then, the sum of these
scores leads to the “Total points”, and the corresponding
risk incidence of PICC-related complications.

PICC-associated complications include non-infectious
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and infectious categories (16-18). Infectious complications
include infectious phlebitis, insertion site infection, catheter
bacterial colonization, and catheter-related bloodstream
infection (16). In contrast, non-infectious complications
mainly include mechanical phlebitis, accidental catheter
detachment, ectopic location, occlusion, damage, drainage,
thrombosis, bleeding, nerve, or tendon injury (17,18). The
overall incidence of complications associated with PICC
catheters was 25-50% or 4.6-11/1,000 catheter days (19,20).
Our criteria for catheter-related bloodstream infection are
that children with PICC catheters should have laboratory
etiological evidence in addition to fever and hypotension.
Our data were extracted from children with acute leukemia,
lymphoma, or anemia. Due to the lack of neutrophils,
these children tend to suffer from infection of the mouth,
anus week, respiratory tract. Some parents are reluctant
to draw more blood samples on both sides for the culture,
considering the piercing pain of children and funds of
operation. We did not collect the exact etiology laboratory
evidence. In the absence of adequate laboratory evidence,
these cases are usually classified as suspected catheter-
related infections based on clinical indications. Thus, there
is very limited evidence of catheter-related bloodstream
infection in this cohort.

As for local infection, our criteria are local redness,
swelling, heat, and pain at the puncture site. When only
one of these symptoms may exist, the “local infection”
will be recorded. However, these children may be simply
stimulated by the dressing or disinfectant, or only have
the effusion of the puncture site, which may also cause
local redness. The culture of puncture site swabs usually
has no evidence of etiology. Most children will get better
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or the symptoms disappear within 1-2 days. Due to the
low resistance of children with blood diseases and the
uncertainties of catheter-related infections, it is difficult
for us to give objective evidence of infection based on this
cohort. In future work, we will refine the relevant links of
PICC-related infection complications for a more scientific
and comprehensive assessment.

Conclusions

In summary, the Seldinger technology with B-ultrasound
imaging is a recommended practice for the PICC placement
of pediatric patients. The most common non-infectious
complications of PICC catheter implantation in children
with blood diseases were rash, followed by catheter
occlusion, mechanical phlebitis, and catheter fracture. The
catheter type is a key risk factor for catheter occlusion. To
some extent, our nomograms are helpful for the prediction
and prevention of PICC-associated phlebitis, rash
occurrence, and catheter fracture complications for Chinese
children with hematologic diseases.
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Supplementary

Table S1 Univariate logistic regression analysis for rash occurrence

Factor Rash Non-rash Unadjusted OR (95% Cl) P value
Gender male 309 1437 - -
female 144 1013 0.678 (0.546~0.837) <0.001
Age(year) 0-3 162 636 - -
4-6 145 797 0.714 (0.558~0.914) 0.008
7-10 91 650 0.55 (0.415~0.725) <0.001
11-18 55 403 0.536 (0.382~0.741) <0.001
Insertion site above the elbow 281 1179 - -
under the elbow 172 1307 0.552 (0.449~0.677) <0.001
Operation season spring 129 559 - -
summer 126 649 0.841 (0.642~1.103) 0.21
autumn 104 661 0.682 (0.514~0.903) 0.008
winter 94 617 0.66 (0.493~0.881) 0.005
Catheter type 3F 188 816 - -
4F 151 1410 0.465 (0.369~0.585) <0.001
power 114 260 1.903 (1.449~2.494) <0.001
OR, odds ratio; Cl, confidence interval; -, control group.
Table S2 Univariate logistic regression analysis for catheter occlusion.
Factor Occlusion Non-occlusion Unadjusted OR (95% ClI) P value
Gender male 252 1530 - -
female 181 976 1.126 (0.914~1.384) 0.262
Age(year) 0-3 123 675 - -
4-6 116 826 0.771 (0.586~1.013) 0.062
7-10 104 637 0.896 (0.675~1.188) 0.446
11-18 90 368 1.342 (0.992~1.81) 0.055
Insertion site above the elbow 296 1164 - -
under the elbow 137 1342 0.401 (0.322~0.498) <0.001
Operation season spring 108 580 - -
summer 119 656 0.974 (0.734~1.294) 0.857
autumn 106 659 0.864 (0.646~1.155) 0.323
winter 100 611 0.879 (0.654~1.18) 0.391
Catheter type 3F 152 852 - -
4F 105 1456 0.404 (0.31~0.525) <0.001
power 176 198 4.982 (3.821~6.513) <0.001

OR, odds ratio; Cl, confidence interval; -, control group.

© Annals of Palliative Medicine. All rights reserved.

http://dx.doi.org/10.21037/apm-20-1771



Table S3 Univariate logistic regression analysis for phlebitis.

Factor Phlebitis Non-phlebitis Unadjusted OR (95% Cl) P value
Gender male 175 1607 - -
female 107 1050 0.936 (0.725~1.203) 0.607
Age(year) 0-3 46 752 - -
4-6 87 855 1.663 (1.154~2.426) 0.007
7-10 90 651 2.26 (1.569~3.297) <0.001
11-18 59 399 2.417 (1.617~3.636) <0.001
Insertion site above the elbow 62 1398 - -
under the elbow 220 1259 3.94 (2.962~5.315) <0.001
Operation season spring 65 623 - -
summer 66 709 0.892 (0.623~1.279) 0.534
autumn 76 689 1.057 (0.747~1.501) 0.754
winter 75 636 1.13 (0.797~1.607) 0.493
Catheter type 3F 63 941 - -
4F 209 1352 2.309 (1.732~3.119) <0.001
power 10 364 0.41 (0.196~0.772) 0.01

OR, odds ratio; Cl, confidence interval; -, control group.

Table S4 Univariate logistic regression analysis for catheter fracture.

Factor Catheter fracture Non-catheter fracture Unadjusted OR (95% Cl) P value
Gender male 96 1686 - -
female 68 1089 1.097 (0.794~1.507) 0.572
Age(year) 0-3 63 735 - -
4-6 55 887 0.723 (0.496~1.052) 0.09
7-10 31 710 0.509 (0.324~0.786) 0.003
11-18 15 443 0.395 (0.214~0.683) 0.002
Insertion site above the elbow 38 1422 - -
under the elbow 126 1353 3.485 (2.431~5.11) <0.001
Operation season spring 48 640 - -
summer 29 746 0.518 (0.32~0.826) 0.006
autumn 55 710 1.033 (0.692~1.547) 0.875
winter 32 679 0.628 (0.393~0.991) 0.048
Catheter type 3F 87 917 - -
4F 75 1486 0.532 (0.386~0.732) <0.001
power 2 372 0.057 (0.009~0.18) <0.001

OR, odds ratio; Cl, confidence interval; -, control group.

© Annals of Palliative Medicine. All rights reserved. http://dx.doi.org/10.21037/apm-20-1771



Figure S1 The ratio of catheter diameter to vessel diameter. (A) catheter diameter; (B) vessel diameter.
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Figure S2 Forest plot of multivariate logistic regression analysis for rash.
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Figure S3 Forest plot of multivariate logistic regression analysis for catheter occlusion.
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Figure S4 Forest plot of multivariate logistic regression analysis for phlebitis.
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Figure S5 Forest plot of multivariate logistic regression analysis

for catheter fracture.
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Figure S6 Modeling analysis based on the risk factors of rash. (A) Nomogram; (B) Forest plot; (C) Calibration curve.
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catheter fracture risk
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Figure S7 ROC data of rash. (A) training cohort. (B) test cohort.
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Figure S8 Modeling analysis based on the risk factors of catheter fracture. (A) Nomogram; (B) Forest plot; (C) Calibration curve.
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Figure S9 ROC data of catheter fracture. (A) training cohort; (B) test cohort.
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