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Abstract

Background Totally implantable venous access ports (TIVAP) have been widely used in cancer patients for many years.
The early infection (within 30 days after TIVAP implantation) rate of TIVAP accounts for about one-third of all TIVAP
infections, and early infection often causes port removal and affects subsequent cancer treatment. This study investigated
the incidence and risk factors for early and late infection after TIVAP implantation.

Methods From January 2013 to December 2018, all adult cancer patients who received TIVAP implantation in Taipei
Medical University Shuang-Ho Hospital were reviewed. We evaluated the incidence of TIVAP-related infection, patient
characteristics, and bacteriologic data. Univariable analysis and multiple logistic regression analysis were used to evaluate
the risk factors of TIVAP-related infection.

Results A total of 3001 TIVAPs were implanted in 2897 patients, and the median follow-up time was 424 days (range:
1-2492 days), achieving a combined total of 1,648,731 catheter days. Thirty-one patients (1.0%) had early infection and 167
(5.6%) patients had late infection. In multivariate analysis, TIVAP combined with other surgeries (p =0.03) and inpatient
setting (p < 0.001) was the risk factor of early infection, and TIVAP combined with other surgeries (p =0.007), hematologi-
cal cancer (p=0.03), and inpatient setting (p <0.001) was the risk factor of late infection.

Conclusion Inpatient TIVAP implantation and TIVAP implantation combined with other surgeries are associated with high
rates of TIVAP-related early and late infections.

Keywords TIVAP - Intravenous access - Infection - Cancer patient - Complication

Introduction

Totally implantable venous access port (TIVAP) was first
reported by Niederhuber et al. in 1982 [1]. This device is
convenient for chemotherapy administration for cancer
patients and intravenous nutrition for patients who need total
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parenteral nutrition. The most complication in patients with
TIVAP is TIVAP-related infection. The incidence of TIVAP-
related infection is between 5.6 and 13%, with an infection
rate ranging from 0.15 to 0.39/1000 catheter days in onco-
logical patients [2, 3]. The port often needs to be removed
after TIVAP-related infection has been diagnosed, thus
affecting the subsequent chemotherapy. Moreover, approxi-
mately 46—-54% patient mortality occurs within 3 months
after TIVAP-related infection [3, 4].

TIVAP-related infections are divided into early and late
infections depending on the time of infection occurrence.
Early infection is defined as the port-related infection that
occurs within 30 days after TIVAP implantation [5, 6];
it is also regarded as a surgical-related infection because
infection occurs shortly after the operation. Early TIVAP-
related infections usually prolong hospital stay and increase
estimated hospital costs [7]. Previous studies showed that
the incidence of early infection reaches 0.3-4.5% and
accounts for 18-38% of all port-related infections [2, 5, 8,
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9]. However, the risk factors associated with early infection
and operation were not comprehensively analyzed, and the
sample sizes in previous studies were small. We conducted
this retrospective study to investigate and analyze the inci-
dence and risk factors of early infection and also compared
the results with those of late infection to determine the dif-
ference between the two kinds of infection.

Materials and methods
Patient population and follow-up

From January 2013 to December 2018, 3041 consecutive
TIVAP implantations were performed in Taipei Medical
University Shuang-Ho Hospital. The exclusion criteria
included patients who underwent TIVAP implantation for
total intravenous nutrition and patient younger than 20 years
old. The patients’ basic and perioperative characteristics
were reviewed from medical charts. This study was approved
by the Taipei Medical University Institutional Review
Board/Ethics Committee (approval number: N201801072).
This research is a retrospective study, and thus, informed
consent was not required for this study.

All TIVAP implantation procedures were performed in
an operation room under local or general anesthesia. The
right side or left side of catheter insertion and procedures,
including cut-down and puncture methods, were selected
mandatorily if a disease occurs on one side. But if no prob-
lems in both side, the dominant arm has to be considered the
choice, and the opposite has to be chosen. Catheter insertion
into the cephalic and external jugular veins by vessel dissec-
tion via an open wound was defined as “cut-down” method,
and the procedure in which the catheter was inserted into the
internal jugular, subclavian, and femoral veins by Seldinger
procedure was defined as “puncture” method. After leaving
the operation room, the position of the distal tip of the cath-
eter was confirmed by chest roentgenography. The procedure
of TIVAP implantation that was completed by the attending
surgeon alone was defined by the operator as “attending sur-
geon” and that which was completed by residents assisted by
the attending surgeon or resident alone was defined by the
operator as “resident.”

The catheter lifespan or measurement of catheter day
started from the TIVAP implantation until the death of
patient; TIVAP removal; last follow-up; or October 31,
2019, whichever came first.

Identification of port-related infection
We retrospectively evaluated the TIVAP-related infec-

tions and bacteriologic data from medical records. TIVAP-
related infections were divided into early and late infection.

@ Springer

Early infection means that the infection signs or symptoms
occurred within 30 days after TIVAP implantation, whereas
late infection denotes that infection occurred more than
30 days after TIVAP implantation. A TIVAP-related infec-
tion was defined as a confirmed infection when the following
criteria were observed:

1. Local infection: port-pocket infection or catheter tunnel
infection;

2. Clinical sign of infection (fever, chills, and/or hypoten-
sion) with a positive culture of the catheter tip and/or the
reservoir port;

3. Clinical sign of infection with at least two positive cul-
tures from peripheral vein with infection improvement
after TIVAP removal;

4. No bacterial documentation but infection improvement
after TIVAP removal.

Statistical analysis

Data were analyzed using the Statistical Product and Service
Solutions (SPSS) package (SPSS 13.0 for Macintosh; SPSS
Inc., Chicago, USA). Data were presented as mean + stand-
ard deviation. Comparisons were made using the y? test or
one way analysis of variance for continuous or categorical
variables, respectively. Simple logistic regression (univariate
analysis) and multiple logistic regression (multivariate anal-
ysis) were performed to identify the risk factors for infection.
A p value <0.05 was considered statistically significant.

Results
Patient population

A total of 3041 consecutive TIVAP implantation procedures
were reviewed. Ten patients experienced procedure failure
of TIVAP implantation. Among these patients, two patients
suffered from complications of pneumothorax, and the other
eight patients experienced vessel variation. Seven patients
with TIVAP implantation needed total parenteral nutrition,
and 23 patients were lost to follow-up after TTVAP implanta-
tion. After excluding these patients, 3001 TIVAPs in 2897
patients were analyzed in this study (Fig. 1). Among the
2897 patients, 98 underwent TIVAP implantation twice,
and 3 underwent TIVAP implantation thrice. In the 3001
TIVAPs, the median age at which patient received TIVAP
implantation was 63 years (range: 20-99 years). The median
follow-up time was 424 days (range: 1-2492 days) with a
total of 1,648,731 catheter days.
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Fig. 1 The flow diagram of all
TIVAP implantations
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Early and late complications

Sixty-eight (2.3%) TIVAPs had complications within
30 days after port implantation. The catheter tip malposi-
tion occurred in 62 patients within 30 days after TIVAP
implantation, of whom 54 underwent port revision, and
8 needed port removal. Four patients had pneumotho-
rax with TIVAP procedure completion, and all patients
underwent subsequent chest tube or pigtail insertion due to
complications. One patient had catheter occlusion and the
other one patient had wound bleeding with subcutaneous
hematoma and needed port revision. For late complica-
tions, 7 patients had catheter tip malposition. Among these
patients, 2 patients needed port removal, and 5 patients
needed port revision. Catheter occlusion occurred in 33
patients. A total of 26 and 7 patients needed port removal
and port revision, respectively. Other complications
included venous thrombosis (19 patients), broken catheter

(9 patients), catheter kinking (2 patients), and skin necro-
sis (2 patients) (Table 1).

Analysis of infection incidence and risk factors

A total of 198 (6.6%) patients had TIVAP-related infec-
tion, with the incidence reaching 0.12/1000 catheter day.
Among these patients, 31 (15.7%) patients had early infec-
tion, and 167 (84.3%) patients had late infection. In early-
infection patients, the median time from TIVAP implanta-
tion to symptom onset was 17 days (range: 4-30 days). Two
patients experienced port-pocket infection, and the remain-
ing patients suffered from blood stream infection. Table 2
shows the infection rates and incidence in the subgroups
based on the risk factors of all TIVAP-related infections.
Patients with hematologic disease (p <0.01), inpatient
TIVAP implantation (p < 0.01), cut-down method (p =0.02),
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Table 1 Other complications

) ) Complication N Early complication (<30 days) Late complication (> 30 days)
of 3001 TIVAP implantation
procedures Port removal Port revision Port removal Port revision
Malposition 69 8 54 2 5
Catheter occlusion 34 1 26 7
Venous thrombosis 19 19
Catheter broken 9 6 3
Pneumothorax and 4
complete procedure
Catheter kinking 2 1 1
Skin necrosis 2 2
Wound bleeding 1 1
Total 140 9 55 56 16

Table 2 The incidence of TIVAP-related early and late infections in different characteristics

Cath- Total infec-  Early infec-  Late infec-  Total catheter day Incidence of total Odds ratio p value
eter number tion number tion number tion number infection per 1000
(100%) (%) (%) (%) catheter per day
Sex
Male 1561 120 (7.7) 16 (1.0) 104 (6.7) 673,681 0.18 1 <0.01
Female 1440 78 (5.4) 15 (1.0) 63 (4.4) 975,050 0.08 0.69
Age (years)
>65 1336 86 (6.4) 13 (1.0) 73 (5.5) 632,228 0.14 1 0.41
<65 1665 112 (6.7) 18 (1.1) 94 (5.6) 1,025,503 0.11 1.05
Origin of patient
Outpatients 1132 34 (3.0) 4(0.4) 30(2.3) 857,574 0.04 1 <0.01
Inpatients 1869 164 (8.7) 27 (1.4) 137 (7.3) 791,157 0.21 3.11
Type of malignancy
Solid cancer 2800 170 (6.1) 26 (0.9) 144 (5.1) 1,548,623 0.11 1 <0.01
Hematological 201 28 (13.9) 5(2.5) 23 (11.4) 100,108 0.28 2.51
Operator
Attending sur- 1835 117 (6.4) 20 (1.1) 97 (5.3) 1,066,887 0.11 1 0.29
geon
Resident 1166 81 (6.9) 11 (0.9) 70 (6.0) 581,844 0.14 1.10
Operation time (min)
<30 min 1262 81 (6.4) 12 (1.0) 69 (5.5) 666,283 0.12 1 0.4
> 30 min 1739 117 (6.7) 19 (1.1) 98 (5.6) 982,448 0.12 1.05
Hand scrubbing
No 472 28 (5.9) 7(1.5) 21 (4.4) 306,252 0.09 1 0.30
Yes 2529 170 (6.7) 24 (0.9) 146 (5.8) 1,342,479 0.13 1.14
Left side or right side
Right side 650 35354 4(0.6) 31 (4.8) 392,845 0.09 1 0.09
Left side 2351 163 (6.9) 27 (1.1) 136 (5.8) 1,255,886 0.13 1.31
Vein of catheter insertion
Puncture 781 39 (5.0) 5(0.6) 34 (4.4) 442,724 0.09 1 0.02
Cut-down 2220 159 (7.1) 26 (1.2) 133 (6.0) 1,206,007 0.13 1.47
Combine other operation
No 2907 179 (6.2) 25 (0.9) 154 (5.3) 1,613,765 0.11 1 <0.01
Yes 94 19 (20.2) 6 (6.4) 13 (13.8) 34,966 0.54 3.86
Total 3001 198 (6.6) 31(1.0) 167 (5.6) 1,648,731 0.12

The p value is calculated depending on total infection
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TIVAP combined with other surgeries (p <0.01), and male
patients (p <0.01) had high incidence of all TIVAP-related
infection.

For early infection, the incidence of infection is high in
TIVAP combined with other surgeries (p <0.01) and inpa-
tient TIVAP implantation (p < 0.01), as shown by the uni-
variate analysis. In the multivariate analysis, only TIVAP
combined with other surgeries (p <0.01) and inpatient
TIVAP implantation (p =0.03) presented as risk factors for
early infection (Table 3).

In late infection, the incidence of infection was higher
in male patients (p <0.01), hematologic disease (p <0.01),
inpatient TIVAP implantation (p <0.01), TIVAP implanta-
tion by cut-down method (p =0.046), and TIVAP combined
with other surgeries (p <0.01), as indicated by the univariate
analysis. In the multivariate analysis, hematologic disease
(p=0.03), inpatient TIVAP implantation (p <0.01), and
TIVAP combined with other surgeries were the risk factors
for late infection (Table 3).

A total of 94 TIVAP implantations were combined with
other surgery, and the analysis of combined surgeries are
listed in Table 4. Six patients had early infection, and the
infection only occurred in patient with TIVAP implantations
combined with gastrostomy (n=2) and feeding jejunostomy
(n=4). Thirteen patients had late infections, and the infec-
tions occurred in patient with TIVAP implantations com-
bined with gastrostomy (n=15), feeding jejunostomy (n=6),
breast surgery (n=1) and cystoscopy (n=1).

Microbiological data

In early infections, microorganisms were isolated from 22
(71%) patients, and no microorganism was isolated in the
other 9 (29%) early-infection cases. Twenty infections were
monomicrobial, and two were polymicrobial. The most com-
mon isolated microorganism was Staphylococcus aureus
(n=38). In late infections, microorganism were isolated in
129 (77%) patients and no microorganism was noted in the
other 38 (23%) patients. The most common three isolated
microorganisms were Acinetobacter spp. (n=23), yeast-
like organism (n=22), and Staphylococcus aureus. (n=20)
(Table 5).

Discussion

The present research is a large-scale retrospective study
that analyzed the risk factors and incidence of early and late
TIVAP-related infections. This study presented that inpa-
tient TIVAP implantation and TIVAP implantation com-
bined with other surgeries are risk factors for early infec-
tion, whereas inpatient TIVAP implantation, patient with

hematologic disease, and TIVAP implantation combined
with other surgeries are risk factors for late infection.

Table 6 showed the TIVAP-related early infection and its
risk factors in previous studies. Inpatient TIVAP implan-
tation is one of the risk factors that have been mentioned
frequently in such studies. Inpatient TIVAP implantation
increases the risk of early TIVAP infection because frequent
access to ports during inpatient admission and periproce-
dural nosocomial environment causes increased risk of
infection [10]. In addition, the port wound is accessed pre-
maturely when the port is implanted during hospitalization,
and chemotherapeutic agents will reduce angiogenesis and
lead to wound dehiscence, which easily causes early infec-
tion [11]. Other factors, such as low white blood cell count
and platelet cell count and hypoalbuminemia, are reported as
the risk factors of early infection [5, 12, 13]. However, these
risk factors are related to a patient’s own baseline nutrition,
immunity, or general condition. As for the factors related to
surgery, such as surgical method, the blood vessel used, and
operative time, limited studies have analyzed the risk factors
of early infection.

In addition to inpatient TIVAP implantation, we found
that TIVAP implantation combined with other surgeries
is also a risk factor of early and late infection. In general,
TIVAP implantation is a simple and clean wound procedure,
but cancer patients often need to receive TIVAP implanta-
tion combined with other surgery at the same time. There-
fore, the operation time will be increased, and the number of
bacterial colonies in the air will also increase significantly
after opening the gastrointestinal tract [14, 15] if a com-
bined gastrointestinal surgery is to be performed. Under
this situation, TIVAP will be exposed to an environment
that is susceptible to infection. In the present study, out of
94 patients with other combined surgeries, 19 had TIVAP-
related infection (20.2%) compared with 6.2% of patients
without combined surgery (Table 2). In early infection four
out of the six patients received feeding jejunostomy, and the
other two patients received gastrostomy (Table 4). In late
infection, eleven out the thirteen patients received feeding
jejunostomy or gastrostomy, the other two patients received
cystoscopy and breast surgery. For this reason, we recom-
mend that TIVAP implantation should not be performed in
combination with other surgeries at the same time, espe-
cially gastrointestinal surgery.

Hematologic disease is considered to have great relevance
for affecting TIVAP-related infection. Patients with hema-
tologic disease usually have low blood cell count, receive
strong chemotherapeutic agents, and need multiple blood
product transfusion through the port. Therefore, patients
with hematologic disease have higher risk of TIVAP-related
infection than those with solid cancer as shown in previous
studies [7, 16, 17]. The present study revealed that hemato-
logic disease is not a risk factor of early infection but a risk
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Table 4 Other surgery combine

. - . Combination of surgery
with TIVAP implantation

Number of late
TIVAP infec-
tion

Number of surgery Number of early TIVAP
infection

Axillary lymph node dissection
Breast tumor excision
Bronchoscopy

Colostomy

Cystoscopy

Feeding jejunostomy
Gastrostomy

Hepatectomy
Herniorrhaphy

Mediastinal tumor excision
Neck lymph node dissection
Tracheostomy

Tumor excision

VATS

Wound debridement

Total

NN NN W N =
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w

Table 5 Bacteriologic data of TIVAP-related early and late infections

Early infection  Late infection

Gram-positive 12 38
Arthrobacter woluwensis
Bacillus spp. 3
Enterococcus faecium 1
Brevibacterium casei 1
Corynebacterium spp. 2 3
Propionibacterium acnes 1
Staphylococcus aureus 8 20
Staphylococcus spp. 1 9
Gram-negative 8 59
Acinetobacter spp. 3 23
Alcaligenes faecalis 1
Bacteroides thetaiotaomicron 1
Burkholderia cepacia 1
Chryseobacterium indologenes 1
Enterobacter spp. 1 3
Escherichia coli 1 3
Klebsiella oxytoca 2
Klebsiella pneumoniae 6
Pseudomonas aruginosa 1 8
Rhizobium radiobacter 1
Serratia marcescens 1 3
Sphingomonas paucimobilis 1
Stenotrophomonas maltophilia 1 5
Yeast-like organism 1 22
Polymicrobial 2 10
No growth 8 38

factor for late infection. This explains that the most likely,
route of early infection is the entry of bacteria from the sur-
gical wound and early infection is not related to patient’s
poor general condition caused by hematologic disease.
Attending surgeons are generally believed to possess rich
experience in surgery and cause less complications, such as
infection, than residents [18, 19]. TIVAP implantation is
usually one of the first procedures that a surgical resident
learns. Schreckenbach et al. reviewed 760 TIVAP implan-
tations and found resident performing alone or resident
performing with help could increase TIVAP-related early
infection [20]. In our study, the early-infection risk showed
no significant difference between TIVAP implantation per-
formed by attending surgeons and residents. In addition,
operation time featured a positive correlation with the risk
of infection [21, 22]. This result occurs mainly because pro-
longed wound exposure to air will increase bacterial contact
with the wound, and the infection risk will increase under
long operative time. Although a long operative time has a
high tendency to cause early infection, our study showed that
operation time is not a risk factor of TIVAP early infection.
Cephalic vein or external jugular vein cut-down and sub-
clavian or internal jugular vein puncture by Seldinger proce-
dure are two main methods for TIVAP implantation. Nocito
et al. have reported that venous puncture by Seldinger pro-
cedure is quicker and more effective than venous cut-down
procedure [23]. However, the early infection rate showed no
difference between the two surgical methods in a large-series
retrospective study [5] and a randomized control research
[24]; the early-infection rate also revealed no significant dif-
ference between the two surgical methods used in this study.
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}allzllzife’-rgll::;?g}r/loﬂ;?zgggn Number of  Early infection (%) Risk factor
studies g TIVAP
Seiler et al. [25] 318 4(1.3%) N/A
Karanlik et al. [26] 404 11 (2.7%) N/A
Teichgriber et al. [27] 3160 24 (0.8%) N/A
Zhou et al. [28] 492 2 (0.4%) N/A
Bamba et al. [11] 4404 33(0.7) Low WBC count, low platelet count,
abnormal coagulation, inpatient
Shim et al. [7] 1747 6 (0.3%) N/A
Zerati et al. [2] 1255 56 (4.5%) N/A
Zhang et al. [12] 223 8 (3.6%) Hypoalbuminemia
Hiittner et al. [23] 1159 23 (2.0%) N/A
Xu et al. [29] 67 1(1.5%) N/A
Tang et al. [5] 5301 62 (1.2%) Inpatient
Present study 3001 31 (1.0%) Inpatient, combine with other operation

Staphylococcus aureus are the most commonly isolated
organism from the patients with early infections; however,
the most three isolated organisms are Acinetobacter spp.,
yeast, and Staphylococcus aureus. Gram-positive cocci
including coagulase negative Staphylococcus and Staphy-
lococcus aureus are known to colonize in the skin, so bac-
teria is mainly contaminated from the surgical wound in
early infections. In late infections, the catheter infections
are related to bacteremia caused by immunocompromised
patients or port contaminated by skin flora via frequent skin
puncture. For these infections, the port should be removed,
and long-term antibiotics should be given based on cul-
ture sensitivity results [25]. If a patient presents with fever
and a negative culture study, the decision for removing
the port device presents difficulty. However, in our study,
eight patients in early infection exhibited fever with nega-
tive results of microbiological studies, and they experienced
symptom relief after TTVAP removal and empirical antibi-
otic administration.

The main limitation of this study is its retrospective
nature. All data were documented from medical records, and
bias is inevitable. Second, the incidence of infection rate
could have been underestimated if the clinically undetected
catheter-related bloodstream infection, the rapidly progress-
ing catheter-related fatal bloodstream infection, or medically
treated infections were eliminated successfully without port
removal. Third, the effect of multicollinearity should also be
considered in this study. Most of the TIVAP combined with
other operations are hospitalization (92 out of 94 patients),
and this effect will make some bias in the results of this
study. In addition, all TIVAP implantations were performed
by 17 attending surgeons in our institute, and the surgeon’s
preference and patient characteristics presented consider-
able difference. All these biases may affect the observational
results.

@ Springer

In conclusion, inpatient TIVAP implantation and TIVAP
implantation combined with other surgeries are risk factors
for TIVAP related in both early and late infections. For this
reason, we recommend that TIVAP implantation be per-
formed in an outpatient setting rather than in a hospitaliza-
tion status and TIVAP implantation without other surgery
combination could reduce the TIVAP-related early infection.
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