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Background

Totally implantable venous access port (TIVAP) has been 
widely used for the infusion of chemotherapeutic drugs 
and parenteral nutrition for more than twenty years.1 
Compared with traditional infusion device, TIVAP has the 
advantages of long-term retention, complete implantation, 
and no external exposure. With the increase in the number 
of patients implanted with the infusion port, the complica-
tions caused by implantation also increase.2 The main 
group of patients who receive the implantation of infusion 
port is cancer patients. These patients are often elderly 
with immune dysfunction, and are more prone to postop-
erative infection.3 Infection is the most frequent complica-
tion associated with TIVADs and could result in increased 
risk of morbidity and mortality, removal of device, delay 
in treatment, prolonged hospitalization, and elevated 

healthcare costs.4 As recommended by clinical guidelines, 
dedicated room for the port implantation operation, proper 
hand hygiene, skin antisepsis, and ultrasound-guided veni-
puncture have become the standard practices of aseptic 
management to minimize infection.5 In addition, once 
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infected, systemic antibiotic treatment and antibiotic lock 
therapy (ALT) would be initiated, and removal of the 
device is recommended in case of S. aureus, Gram-
negative bacteria, or Candida infections. As a conse-
quence, TIVAP-associated infection rate was reported to 
be between 3% and 10%.6–9 Once infection occurs, patients 
would be forced to remove the infusion port, due to the 
risk of systemic, and even life-threatening, infections.10 
Therefore, it is necessary to analyze the risk factors lead-
ing to postoperative infection in connection with the use of 
infusion port to further minimize the infection and to 
develop the corresponding measures for the prevention 
and treatment of infection.

Subject and methods

Subjects

A total of 1406 patients implanted with TIVAP at our hos-
pital between January 2015 to December 2019 were all 
included in this retrospective study. Among them, 1036 
were cancer patients and 370 were non-cancer patients. 
Patients were included if they needed the following indica-
tions for a venous port: (1) long-term repeated infusion of 
vesicant and/or irritating drugs; (2) long-term parenteral 
nutrition support; (3) long-term intermittent infusion and 
transfusion of blood products. Patients who had difficulty 
establishing peripheral venous access were also included. 
Patients with following contraindications were excluded: 
(1) did not tolerate TIVAP and/or cooperate in surgery; (2) 
had uncontrolled bacteremia or local infection at the oper-
ation site (confirmed or suspected local infection by punc-
ture, bacteremia or symptoms of septicemia); (3) confirmed 
or suspected allergies to port materials; (4) had abnormal 
venous return, such as vena cava compression syndrome; 
and (5) had obvious coagulation dysfunction. According to 
whether postoperative infection occurred or not, they were 
divided into infection and non-infection groups. Definition 
of TIVAP-related infection was adapted from the Infectious 
Diseases Society of America (IDSA) guidelines and 
Kidney Disease Outcomes Quality Initiative (KDOQI)11,12 
as having the following conditions: bacteremia/fungemia 
in a patient with TIVAP with at least 1 positive blood cul-
ture and with clinical manifestations of infections (i.e., 
fever, chills, and/or hypotension) and no apparent source 
for the bloodstream infection except the catheter. One of 
the following should be present: a positive culture of the 
TIVAP associated with a positive peripheral blood culture 
with the same microorganism. For semiquantitative (>15 
CFU/ catheter segment) or quantitative (>102 CFU/cath-
eter segment), whereby a colony count of microbes grown 
from blood obtained through the catheter hub that is at 
least 3-folds greater than the colony count from the blood 
obtained from a peripheral vein or a differential time to 
positivity of a blood culture drawn from the catheter ver-
sus from a peripheral vein (positivity of the catheter blood 

sample at least 2 h before the peripheral blood sample). 
The primary outcome was postoperative infection, which 
was divided into non-bacteremic local infection and  
catheter-related bloodstream infection (CRBSI). Non-
bacteremic local infection was defined as superficial skin 
infection, in which the infection was limited to the surface 
skin or incision site, but not to the tract of tunneled cathe-
ter and portal pocket. CRBSI was defined as the presence 
of bacteremia originating from both the peripheral veins 
and catheters as described in the guidelines.12

Port implantation operation

In all patients, we first attempted to insert the catheter via 
the axillary vein under ultrasound guidance, followed by 
other veins (internal/external jugular vein) only if the ini-
tial insertion was unsuccessful or in case of radiotherapy 
or previous surgery at the puncture site. The patient was 
laid in the supine position with the head turning to the 
opposite side, exposing the operation area on the neck. The 
skin was disinfected with 2% chlorhexidine. Infiltration 
with 1% lidocaine was applied for local anesthesia on the 
operating region. After that, the axillary vein was punc-
tured using the Seldinger technique under ultrasound guid-
ance and a guide wire was introduced to enter the superior 
vena cava by fluoroscopy. An introducer sheath was 
inserted along the guide wire into the vein, and the port 
catheter was introduced through the introducer sheath. A 
cutaneous incision of about 2–3 cm long was made 2–3 cm 
below the 1/3 clavicle on the same side. A portal pocket 
was prepared by blunt preparation on the pectoral fascia 
through the incision. The port was placed into the portal 
pocket and the course and radian of the catheter were 
adjusted in the subcutaneous tunnel to avoid corner fold-
ing. A 2-0 non-absorbable suture was used to fix the port 
and the surrounding tissues with one stitch, absorbable 
suture. The skin was closed cyanoacrylate glue, and finally 
the wound was bound with dressing.

Post-infection treatment

When a port-related perioperative infection was diag-
nosed, specific therapy was initiated as soon as possible. A 
conservative strategy was used to deal with mild infec-
tions, including use of systemic antibiotics, antibiotic lock 
therapy (ALT), and immediate wound debridement. 
Bacterial cultures of wound secretions were carried out 
prior to antibiotic administration. A non-conservative 
strategy was conducted when CRBSI occurred or the con-
servative strategy failed. In addition to systemic antibiot-
ics, the port might be removed immediately (Figure 1).

Statistical analysis

The normality of distribution of continuous variables  
was tested by one-sample Kolmogorov-Smirnov test. 
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Continuous variables with normal distribution were pre-
sented as mean ± standard deviation and analyzed using 
Student’s t-test. Categorical variables were presented as 
percentage, and analyzed using χ2 test Fisher’s exact test, 
as appropriate. Multivariate logistic regression was per-
formed to analyze the independent risk factors for primary 
outcome. Odds ratio was calculated using logistic regres-
sion. Variables in the adjusted model were age, gender, 
BMI, smoking, type of patient, puncture site, first use time, 
prophylactic antibiotic, hematoma, chemotherapy history, 
infection history, preoperative hospital stay, type of cancer, 
operation time, and comorbidities which include diabetes, 
hypertension, hyperlipidemia, coronary disease. A value of 
p < 0.05 was considered significant. SPSS version 25.0 for 
Windows (SPSS Inc., Chicago, IL, USA) was used to ana-
lyze the data.

Results

Patient demographic information is presented in Table 1. A 
total of 1406 patients were enrolled in the study, including 
679 (48.3%) women and 727 (51.7%) men. The average 
age was 52.9 ± 13.5 years (ranged from 27 to 79 years). 
One thousand thirty-six cancer patients had indications for 
TIVAP placement. Among them, 22.7% patients had 
hematologic malignancy, 22.0% patients had lung cancer, 

17.0% patients had gastrointestinal cancer, 14.2% patients 
had genitourinary cancer, 18.0% patients had breast can-
cer, and 7.2% had other cancers. BMI of the infection 
group was higher than that of the non-infection group 
(28.45 ± 4.51 vs 24.35 ± 3.79, p < 0.001). There were sig-
nificantly more diabetic patients in the infection group 
than in the non-infection group (48.6% vs 30.4%, 
p = 0.001). There was significantly more hematologic 
malignancy in the infection group, compared to the non-
infection group (26.4% vs 16.2%, p = 0.024). Compared 
with the non-infection group, the infection group also had 
more patients with chemotherapy history (25.0% vs 8.2%, 
p < 0.001), more patients with the history of infection 
within 30 days before operation (15.3% vs 2.5%, 
p < 0.001), more inpatients (69.4 vs 32.8%, p < 0.001) and 
higher rate of hematoma (19.4% vs 3.3%, p < 0.001). In 
this study, a liquid dark area with a diameter greater than 
or equal to 2 cm in the ultrasound examination was defined 
as hematoma when abnormal wave motion of the pocket 
was found during the dressing from the next day of opera-
tion to 1 week after operation. There was no significant dif-
ference in prophylactic antibiotic use, first use time, 
operation time, total parenteral nutrition (TPN), and other 
comorbidities between the two groups (Table 1).

In the cancer patients, there were 51 (87.9%) local 
infections and 7 (12.1%) CRBSI. Among them, TIVAP 

Figure 1. The flow chart of the process of infection therapy.
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was finally removed from 7 CRBSI and 2 local infection 
patients. In the non-cancer patients, there were 12 
(85.7%) local infections and 2 (14.3%) CRBSI. TIVAP 
was finally removed from 2 CRBSI and 1 local infection 
patients. No statistically significant difference was found 
in incidence of CRBSI and final removal rate between 
the groups (p = 0.822, p = 0.908). There was no recur-
rence of infection after the curettage and excision of  
the infected tissues and TIVAP removal. Pathogens 
responsible for infections in the cancer group included 
Staphylococcus aureus (n = 23), Candida (n = 9), 
Staphylococcus epidermidis (n = 17), Acinetobacter bau-
mannii (n = 3), and Klebsiella pneumonia (n = 6). The 
pathogens in the non-cancer patients were Staphylococcus 
aureus (n = 3), Candida (n = 2), Staphylococcus epider-
midis (n = 3), Acinetobacter baumannii (n = 3), and 
Klebsiella pneumonia (n = 3). There was no significant 
difference in the types of pathogens, first use time, pro-
phylactic antibiotics between the two groups. The preop-
erative hospital stay of the non-cancer patients was 

significantly longer than that of the cancer patients 
(p = 0.003, Table 2).

Multivariate logistic analysis tests revealed that hema-
toma (OR 5.695, 95%CI 2.847–11.395, p < 0.001), preop-
erative hospital stay (⩾14d) (OR 2.945, 95%CI 
1.681–5.160, p < 0.001), history of chemotherapy (OR 
2.628, 95%CI 1.425–4.846, p = 0.002) and history of infec-
tion (within 30 days) (OR 4.325, 95%CI 1.991–9.515, 
p < 0.001) were independent risk factors for infection 
(Table 3). Further multivariate logistic regression analysis 
showed that hematoma (OR 4.872, 95%CI 2.271–10.260, 
p < 0.001), preoperative hospital stay (⩾14d) (OR 2.096, 
95%CI 1.120–3.925, p = 0.021), history of chemotherapy 
(OR 3.219, 95%CI 1.753–5.910, p < 0.001) were inde-
pendent risk factors for both cancer and non-cancer 
patients (Table 4).

In addition, multivariate logistic regression analysis 
found that hematoma (OR 6.407, 95%CI 1.495–27.466, 
p = 0.012), preoperative hospital stay (⩾14d) (OR 5.457, 
95%CI 1.295–22.998, p = 0.021), history of infection 

Table 1. Patient characteristics.

Infection 
group (n = 72)

Non-infection 
group (n = 1334)

T/χ2 p

Age (year) 53.03 ± 10.23 52.91 ± 13.62 0.070 0.944
BMI (kg/m2) 28.45 ± 4.51 24.35 ± 3.79 8.849 0.000*
Male, n (%) 34 (47.2) 693 (51.9) 0.611 0.434
Hypertension, n (%) 25 (34.7) 352 (26.4) 2.419 0.120
Diabetes, n (%) 35 (48.6) 405 (30.4) 10.584 0.001*
Hyperlipidemia, n (%) 17 (23.6) 234 (17.5) 1.716 0.190
Coronary disease, n (%) 15 (20.8) 173 (13.8) 3.648 0.056
Smoke, n (%) 18 (25.0) 255 (19.1) 1.512 0.219
Cancer, n (%) 58 (80.6) 978 (73.3) 1.848 0.174
Hematologic malignancy, n (%) 19 (26.4) 216 (16.2) 5.103 0.024*
Solid organ malignancy, n (%) 39 (54.2) 762 (57.1) 0.243 0.622
Lung, n (%) 10 (13.9) 210 (15.7) 0.178 0.673
Gastrointestinal, n (%) 6 (8.3) 167 (12.5) 1.109 0.292
Breast, n (%) 12 (16.7) 174 (13.0) 0.781 0.377
Genitourinary, n (%) 9 (12.5) 138 (10.3) 0.339 0.560
Others, n (%) 2 (2.8) 73 (5.5) 0.982 0.322
Chemotherapy history, n (%) 18 (25.0%) 110 (8.2%) 23.173 0.000*
Infection history, n (%) 11 (15.3) 34 (2.5) 35.727 0.000*
Patient category
outpatient, n (%) 22 (30.6) 897 (67.2) 40.609 0.000*
inpatient, n (%) 50 (69.4) 437 (32.8)
preoperative hospital stay, day 11.14 ± 6.42 11.36 ± 5.90 −0.292 0.770
Total parenteral nutrition, n (%) 5 (6.9) 76 (5.7) 0.196 0.658
Puncture sites
Axillary vein, n (%) 60 (83.3) 1043 (78.2) 1.071 0.301
Others, n (%) 12 (16.7) 291 (21.8)
First medication time, day 6.31 ± 2.23 6.54 ± 2.25 −0.878 0.380
Hematoma, n (%) 14 (19.4) 44 (3.3) 45.029 0.000*
Prophylactic antibiotic, n (%) 10 (13.9) 188 (14.1%) 0.002 0.961
Operation time (min) 34.81 ± 8.49 36.55 ± 8.05 −1.789 0.074

*p < 0.05.
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(within 30 day) (OR 8.966, 95%CI 2.213–44.951, 
p = 0.003) were independent risk factors for infection in 
the non-cancer patients (Table 5).

Discussion

In this study we measured 72 infections over 1406 patients 
(5.12%). In particular, in non-cancer patients we found 14 

(3.8%) infections, in cancer patients we found 58 (6.0%) 
infections. The infection rates are similar to the findings of 
previous studies (2 to 9.6%).6–9,13,14 The final device 
removal rate in our study was 0.78% which is similar to 
the results reported in previous RCT studies, and there was 
no difference in the removal rate between cancer (15.5%) 
and non-cancer patients (14.3%) with infection. According 
to the previous research experience and guidelines, the 

Table 2. Characteristics of Infection patients.

Cancer patients 
(n = 58)

Non-Cancer 
patients (n = 14)

T/χ2 p

Local infection, n (%) 51 (87.9) 12 (85.7) 0.051 0.822
CRBSI, n (%) 7 (12.1) 2 (14.3)
Bacteraemia, n (%) 2 (3.4) 1 (7.1) – 0.483※

Port, n (%) 5 (8.6) 1 (7.1) – 1.000※

Final removal, n (%) 9 (15.5) 2 (14.3) 0.013 0.908
Microorganisms  
Staphylococcus aureus, n (%) 23 (39.7) 3 (21.4) 1.624 0.203
Candida species, n (%) 9 (15.5) 2 (14.3) 0.013 0.908
Staphylococcus epidermidis, n (%) 17 (29.3) 3 (21.4) 0.349 0.555
Acinetobacter baumannii, n (%) 3 (5.2) 3 (21.4) – 0.083※

Klebsiella pneumonia, n (%) 6 (10.3) 3 (21.4) 1.267 0.260
Inpatient, n (%) 39 (67.2) 11 (78.6) 0.682 0.409
Preoperative hospital stay, day 12.05 ± 5.94 18.27 ± 5.35 −3.131 0.003*
First medication time, day  6.33 ± 2.23  6.21 ± 2.33 0.169 0.866
Prophylactic antibiotic, n (%) 6 (10.3) 4 (28.6) 3.133 0.077

※Fisher’s exact test; *p < 0.05; CRBSI: catheter-related bloodstream infections.

Table 3. Multivariate Logistic analysis for risk factors of infection in all patients.

Variable β SE Wald χ2 OR p 95% CI

Hematoma 1.740 0.354 24.170 5.695 0.000* 2.847 11.395
Preoperative hospital stay (⩾14d) 1.080 0.286 14.254 2.945 0.000* 1.681 5.160
History of chemotherapy 0.966 0.312 9.581 2.628 0.002* 1.425 4.846
History of infection within 30 days 1.471 0.399 13.579 4.352 0.000* 1.991 9.515
Constant −3.540 0.171 430.717 0.029 0.000  

Adjusted for age, gender, BMI, smoking, cancer, hypertension, diabetes, hyperlipidemia, coronary disease, hematologic malignancy, chemotherapy 
history, infection history (within 30 days), patient category, preoperative hospital stay (⩾14d), total parenteral nutrition, hematoma, puncture sites, 
first medication time, prophylactic antibiotic, operation time.
*p < 0.05.

Table 4. Multivariate Logistic analysis for risk factors of infection in Cancer patients.

Variable β SE Wald χ2 OR p 95% CI

hematoma 1.574 0.385 16.746 4.872 0.000* 2.271 10.260
preoperative hospital stay (⩾14d) 0.740 0.320 5.353 2.096 0.021* 1.120 3.925
History of chemotherapy 1.169 0.310 14.219 3.219 0.000* 1.753 5.910
constant −3.358 0.188 317.407 0.035 0.000  

Adjusted for age, gender, BMI, smoking, hypertension, diabetes, hyperlipidemia, coronary disease, hematologic malignancy, hematoma, chemotherapy 
history, infection history (within 30 days), preoperative hospital stay (⩾14d), total parenteral nutrition, puncture sites, first medication time, prophy-
lactic antibiotic, operation time.
*p < 0.05.
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device should be removed only when infections that 
involve the reservoir pocket or bacteremia occur.15,16 There 
was significantly more hematologic malignancy in the 
infection group than in the non-infection patients. Similar 
results were also reported previously.17–19 However, multi-
variate analyses showed that the hematologic malignancy 
is not an independent risk factor for infection in all patients 
or in the cancer patients. Recently, a propensity score 
matching study of 5967 patients also suggests that there is 
no relation between hematological malignancy and 
increased risk of TIVAP infection.20 So far, most studies 
have found that prophylactic antibiotics will not decrease 
rate of postoperative infectious complications. In our 
study, only a small number of people received prophylac-
tic antibiotics. Multivariate analysis confirmed that it is 
not an independent risk factor of infection. Therefore, pro-
phylactic antibiotics is not recommended in TIVAD inser-
tion. Previously, it was shown that inpatients had a 
significantly higher infection rate and a greater hazard 
(44%) of needing port removal than that of outpatients.18 
Our study also showed that the incidence of infection is 
significantly higher in the inpatients than in the outpa-
tients. But multivariate logistic regression analysis showed 
patient category is not an independent risk factor. Further 
analysis showed that preoperative hospital stay (⩾14) is 
significantly associated with infection in all patients. This 
finding might be explained by the fact that longer hospi-
talization increases the risk of exposure to pathogens.

The time interval between the port implantation and 
first use may be a risk factor for the occurrence of port-
related infections.21 A four-year prospective study with 
4045 patients demonstrated that a time interval between 
port implantation and first use of >6 d could significantly 
reduce the risk of complications and catheter removal 
rates.22 Time interval between port implantation and first 
use was 6.31 ± 2.23 days in the infection patients and 
6.54 ± 2.25 days in the non-infection patients in our study. 
Based on the above data, no correlation is founded 
between the timing of the first use and infection in our 
study. We also found that there is no difference in CRBSI 
rate and the type of microorganism in the infected patients 
between the cancer and no cancer patients. Multivariate 
analysis further confirmed that preoperative hospital stay 
is an independent risk factor of infection in all patients, 

cancer, and non-cancer patients. Hematoma also was 
found to be an independent risk factor of infection. 
Hematoma provides a good growth environment for path-
ogens. Therefore, once hematoma complicated with infec-
tion occurs, thorough debridement would be the best way 
to control infection. In our experience, hematoma might 
occur because of puncture difficulty, abnormal coagula-
tion function, incomplete hemostasis, and fat liquefaction. 
Therefore, the experience of the surgeon is particularly 
important to prevent hematoma. In hospitals where ultra-
sound or X-ray guidance is not routinely used, these 
should be used as soon as possible when puncture is found 
difficult to avoid blind puncture. Real-time ultrasound-
guided puncture and cannulation of the vein appear to 
have a role not only for the prevention of infection but 
also for the prevention of mechanical complication.23 
Using fluoroscopy guidance means that the operation will 
be performed in the catheter room instead of the central 
operating room. To minimize potential cross-infection, 
the operation interval should be more than 30 min, the 
operation room should be disinfected with ultraviolet rays 
during this time. In addition, all equipment used in this 
operation should be disinfected with 70% alcohol prior to 
use in the operating room. For patients with oral antico-
agulant drugs, the damage of muscular membrane should 
be avoided as much as possible. After the pocket is made, 
the bleeding situation of the wound should be carefully 
observed, and the bleeding should be stopped completely 
using high-frequency electric knife. The injured arterioles 
should be sutured and ligated with nylon suture. The 
excess adipose tissue should be cleaned before suturing 
the wound. If there is more bleeding and hemostasis is 
unsatisfactory, intermittent suture and indwelling drain-
age strip could be used to reduce the occurrence of hema-
toma. Coagulation dysfunction is often associated with 
tumor patients receiving infusion port implantation. The 
main causes include oral anticoagulants and thrombocyto-
penia. Operators should be vigilant to these patients. 
Wave motion on the pocket surface is the most direct 
manifestation of hematoma and should be the focus of 
postoperative observation. In addition, we should also pay 
attention to the indirect manifestations such as incision 
exudation, congestion around the pouch and under the 
armpit. Early detection, identification and notification of 

Table 5. Multivariate logistic analysis for risk factors of infection in non-cancer patients.

Variable β SE Wald χ2 OR p 95% CI

hematoma 1.857 0.743 6.256 6.407 0.012* 1.495 27.466
preoperative hospital stay (⩾14d) 1.697 0.734 5.345 5.457 0.021* 1.295 22.998
History of infection within 30 days 2.300 0.768 8.966 9.974 0.003* 2.213 44.951
constant −3.869 0.382 102.696 0.021 0.000  

Adjusted for age, gender, BMI, smoking, hypertension, diabetes, hyperlipidemia, coronary disease, hematoma, Infection history (within 30 days), 
preoperative hospital stay (⩾14d), puncture sites, first medication time, prophylactic antibiotic, operation time
*p < 0.05.
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hematoma in post-operative care would reduce the occur-
rence of infection.

Previous study has shown that more postoperative com-
plications have been observed with nonabsorbable sutures 
than absorbable.24 It is always better to use absorbable 
suture unless there is contraindication. Cyanoacrylates 
have been shown to provide a barrier to bacterial penetra-
tion.25 Therefore, we used absorbable suture to suture most 
of the subcutaneous tissue and closed the wound with 
cyanoacrylate glue.

Another important finding is that chemotherapy is an 
independent risk factor for infection in all patients and in 
the cancer patients. Myelosuppression and immunosup-
pression are the common side effects for most chemother-
apy drugs.26,27 Patients with malignant tumors have 
defective immunity, and when treated with chemotherapy, 
their immune systems would weaken further and even fail 
to prevent infection.28 Evidences suggest that most cancer 
patients usually have low immunity after radiotherapy or 
chemotherapy29 and palliative chemotherapy had a higher 
risk than adjuvant chemotherapy.13,30 These results indi-
cate that immune status is very important to prevent infec-
tion. This risk can be avoided by implanting TIVAP before 
the first chemotherapy. The last significant finding is that 
history of infection within 30 days is an independent risk 
factor for non-cancer unlike cancer patients. This result 
may partially be attributed to the fact that most non-cancer 
patients receiving TIVAP have multiple chronic diseases 
and need long-term parenteral nutrition. Recent infectious 
diseases and further cumulatively low level of nutrition 
could lead to low immunity. For these patients, it is neces-
sary to correct malnutrition and comprehensively control 
infection before operation. Total parenteral nutrition (TPN) 
as a risk factor was reported by previous studies.31–33 Some 
part of the normal flora that can cause infection in immu-
nocompromised patients such as Candida which has the 
ability to grow in a solution with high glucose concentra-
tion as in TPN fluids.34 At our center, TIVAP is used for 
chemotherapy and antibiotics in most patients and TPN is 
rarely performed, especially in patients who have just been 
implanted the TIVAP. Therefore, TPN is not found to be a 
risk factor in this study.

There are limitations in our study. It was a retrospective 
single-center study with relatively small sample size. The 
type and dose of antibiotics were not fully regulated and 
mainly depended on the doctor’s experience. Finally, the 
specimens were taken from various sources, including 
blood culture, wound secretion, catheter tip, and catheter 
interior. Previous study suggested that the accuracy of cul-
ture inside the catheter is higher than others,35 which may 
affect the use and results of antibiotics.

Conclusion

This study analyzed the risk factors of perioperative infec-
tion in different groups of patients received TIVAP. The 

findings clearly indicate that hematoma, preoperative hos-
pital stay (⩾14d), history of chemotherapy, and history of 
infection (within 30 days) are independent risk factor in all 
patients; hematoma, preoperative hospital stay (⩾14d), 
and history of chemotherapy are independent risk factor 
for cancer patients. In non-cancer patients, hematoma, pre-
operative hospital stay (⩾14d), and history of infection 
(within 30 days) are independent risk factor for infection. 
Multiple regression analysis revealed that the patient cat-
egory and hematologic malignancy are not independent 
risk factor. These findings would help develop clinical 
measure to prevent and treat perioperative infection during 
TIVAP.
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