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Peripherally inserted central
catheter insertion and
management in Hodgkin and
non-Hodgkin lymphomas: a 13-
year monocentric experience
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Daniela Dessì, Sara Veronica Usai , Giuseppe Longhitano,
Daniela Ibba, Loredana Aracu, Monica Atzori
and Giorgio La Nasa

Struttura Complessa (S.C.) di Ematologia e Centro Trapianti di Midollo Osseo (C.T.M.O.) - Ospedale
Oncologico di Riferimento Regionale "A.Businco", Cagliari, Italy
Background: Non-Hodgkin’s lymphoma (NHL) and Hodgkin’s lymphoma (HL)

are two of the most common hematologic diseases that require an infusion of

immunochemotherapies in conjunction with radiotherapy, often in an outpatient

setting. For relapsed/refractory disease, autologous peripheral hematopoietic

stem cell transplantation and sometimes allogeneic transplantation (HSCT) are

considered standard treatment options. Recently, chimeric antigen receptor

(CAR) T cells and bispecific antibodies have emerged as an important and

effective option for the treatment of relapsed/refractory patients. These

medical approaches deserve effective, safe, and durable vascular access,

especially for the ambulatory population undergoing discontinuous treatment

associated with high rates of complications and life-threatening toxicities.

Peripherally inserted central catheters (PICCs) are vascular devices with an

intermediate-to-long-term lifespan that are inserted ultrasonically into a

peripheral brachial vein. Their ease of insertion by trained nurses and low rate

of catheter-related infectious and thrombotic complications make them ideal

devices for treating oncology and hematology patients.

Purpose: In this study, we aim to demonstrate that PICCs are an essential tool for

the treatment of HL and NHL patients in terms of efficiency and safety

Methods and results: From March 2007 to June 2020, 316 PICC implantations

were performed by our PICC team in 276 HL patients and 363 PICC in 322 NHL

patients. The total lifespan of the PICCs was 50,660 days in HL and 43,919 days in

NHL patients. Most PICCs were removed at the end of therapy, and the rate of

mechanical complications was low. Only one and four episodes of confirmed

PICC-related catheter-related bloodstream infections (CRBSIs) (0.3%; 0.02/

1,000 days/PICC and 1.2%; 0.07/1,000 days/PICC) were recorded in HL and

NHL patients, respectively. There were only 11 (3.6%; 0.25/1,000 days/PICC) and

nine (2.6%; 0.17/1,000 days/PICC) episodes of symptomatic PICC-related

thrombotic complications in HL and NHL patients, respectively, without removal.
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Conclusion: Our data indicate that the PICC can be considered the device of

choice for treating HL and NHL patients because it is easy to insert, safe to use,

long-lasting, and has a low complication rate, especially in the outpatient setting.
KEYWORDS

PICC catheters, NHL – non-Hodgkin lymphomas, Hodgkin lymphoma (HL), PICC
complications, catheter related blood stream, catheter related thrombosis
Introduction

Non-Hodgkin lymphoma (NHL) and Hodgkin lymphomas

(HL) are two of the most common hematologic malignancies.

NHLs are the most common hematologic tumor worldwide,

accounting for 4.3% of cancer diagnoses in the United States (1).

On the other hand, HL accounted for 0.4% of all newly reported

cancer cases worldwide in 2020 (2). These two lymphoid

malignancies are characterized by distinct subtypes that differ in

morphological and biological features, which in turn are associated

with different epidemiology, clinical manifestations, and treatment.

Despite the different therapeutic approaches, treatments for NHL

(3–5) and HL (6–8) patients require the administration of

immunochemotherapy and radiotherapy with different schedules

(depending on histotype, stage, age, and fitness), often on an

outpatient basis. Autologous (9–11) and allogeneic peripheral

hematopoietic stem cell transplantation (12, 13) (HSCT) may also

be an important option for both populations, especially in relapsed/

refractory (R/R) patients. Recently, chimeric antigen T-cell therapy

(14–17) and bispecific antibodies (18) have shown high efficacy in

R/R NHL patients and have been included in algorithms for the

treatment of patients with mantle cell lymphoma (MCL) and diffuse

large B-cell lymphoma (DLBCL).

The treatment of oncohematologic patients requires durable,

safe, and reliable vascular access. In particular, these patients are

characterized by an immunosuppressive status and cytopenias

related to underlying diseases and treatment complications. In

addition, safe and easy-to-use venous access is essential for

chemotherapy administration, blood and platelet transfusions,

parenteral nutrition, supportive care, and autologous and

allogeneic peripheral stem cell transplantation. Centrally inserted

central catheters (CICCs) have been the gold standard for the

treatment of oncohematologic patients for many years, but can

often cause problems during implantation and removal. The

insertion of CICCs can lead to complications (arterial puncture,

hematoma, hemothorax, and pneumothorax) in approximately 6%

to 19% of cases and is associated with a higher incidence of

complications than other devices, such as peripherally inserted

central catheters (PICCs) (19). The use of PICCs has increased

over the years in hematology departments because PICCs are easier

to insert, can be deployed by trained nurses without the need for an

operating room, and are easier to remove than tunneled or fully

implanted devices, which increases manageability when
02
complications occur (20). In addition, medium-to-long-term use

allows discontinuous use, especially in day-case care, and the latest

devices with multiple lumens and larger diameters (power PICC)

make these catheters suitable and safe for complex procedures, such

as autologous and allogeneic hematopoietic peripheral stem cell

transplantation. Thrombosis and infection are the most commonly

reported PICC-related complications. Although data from

retrospective and prospective studies seem to indicate a higher

incidence of complications (particularly thromboembolic events)

associated with the use of PICCs, recent clinical evaluations have

shown that management is safer in terms of the incidence of

systemic infection and thrombosis, even in the transplant setting

(19, 21–23).

The HL and NHL patients represent the perfect model of a

population that can benefit from the advantages of PICC use

because of the characteristics of the disease, outpatient treatment

in most cases, and the complexity of transplantation and new

cellular therapies.

In our study, we analyzed the efficacy and safety of PICCs in the

treatment and support of patients with NHL and HL, for whom we

consider these devices to be the gold standard for vascular access in

the diagnostic-therapeutic program.
Materials and methods

Since its inception in 2007, a PICC team consisting of a hematology

physician and three dedicated nurses has conducted a prospective

study in ourmedical oncology department to evaluate the complication

rate and utility of the PICC system in hematology clinical practice,

particularly in HL and NHL patients. Inclusion criteria included all HL

and NHL patients who required a program of immunochemotherapy,

supportive care, and HSCT as inpatients or outpatients. All PICC

insertions, both elective and urgent procedures, were performed in a

dedicated interventional surgical facility within the hematology center

using aseptic techniques and only occasionally at the patient’s bedside

when the patient was hospitalized. The PICC devices used in clinical

practice were Groshong® PICC monolumen 4 French BARD®

(BARD® INC, CA, USA), PICC bilumen 5 French Vygon®

(Vygon®, Ecouen, France), PowerPICC monolumen 4 French

Vygon® (Vygon®, Ecouen, France), PowerPICC monolumen 4

French Medcomp® (Medcomp®, PA, USA), and PowerPICC

bilumen 5 French Medcomp® (Medcomp®, PA, USA).
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Patients were informed about the procedure and its potential

complications. Written informed consent was obtained for catheter

insertion and the use of data for scientific purposes.

A complete blood count and coagulation test were performed

on all patients. The platelet count (PLT) threshold considered safe

for PICC insertion was 10 x 10 (9)/L. Below this threshold, patients

received a concentrated PLT infusion before the procedure. A low

white blood cell (WBC) count was not evaluated as a

contraindication for insertion. In all patients, the vascular

anatomy of the arms had been previously assessed by ultrasound.

After echo-scan evaluation of the adequate caliber of the vein, the

characteristics of blood flow, and the presence of thrombotic

features, the vessels most commonly used for implantation were

the basilic veins (mostly in the right arm), followed by the brachial

and cephalic veins, in order of preference. A local anesthetic

(lidocaine 2%) was injected into the subcutaneous tissue at the

site of venipuncture. A 21–22-gauge needle was systematically

inserted into the anterior vein wall under color Doppler

ultrasound guidance and inserted into the vessel until blood

return was observed. The next step was to insert a metallic 0.018-

inch guidewire into the vein. The site of venipuncture was then

enlarged with a scalpel blade, and a micro-introducer was inserted

over the guidewire. The PICC was inserted into the micro-

introducer until the calculated length was achieved. To prevent

early misplacement in 2019, the correct tip position (near the cavo-

atrial junction) was confirmed during insertion by real-time

intracavitary ECG guidance. A standard chest radiograph was

performed in all patients to rule out malposition. In case of

mediastinal volume, midline placement was preferred to start

therapy because it compresses the deep veins, which often leads

to thrombotic complications, followed by PICC insertion if the

mass could be reduced. None of the PICCs were sutured and they

were fixed with an adhesive dressing (StatLock®; Bard, Murray Hill,

NJ). Every 10 days, outpatients received routine PICC site care,

puncture site cleaning, and set change in a dedicated room assigned

by the PICC team. In case of hospitalization, the drugs were

administered in the hematology ward. Additionally, the PICC

team checked for the occurrence of PICC-related complications

(local infections, hematomas, and mechanical and thrombotic

complications) during medication until the removal of the device

or patient death. All interventions were recorded. Most catheters

were removed by the PICC team. The main criteria for device

removal were bacteremia or fungemia related to the PICC, catheter

obstruction or dislocation, or malfunction. In cases of thrombotic

complications, the PICC was removed only if recanalization of the

veins was demonstrated by echo-Doppler after appropriate low-

molecular-weight heparin (LMWH) therapy.

The following definitions were used to capture the

complications associated with PICCs.

CRBSIs were defined according to the criteria of the CDC’s

National Surveillance System for Nosocomial Infections in Atlanta,

USA (24). Specifically, a definitive diagnosis of CRBSI requires the
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percutaneous blood culture and catheter tip culture, or that two

blood samples (from the catheter port and the peripheral vein) meet

CRBSI criteria for quantitative blood cultures or differential time to

positivity (DTP). An association between thrombosis-related

catheter complications (CRT) and CRBSIs (CRBSIs + CRT) was

considered when the CRBSI was associated with vascular occlusion

requiring combined anticoagulant and antibiotic therapy.

CRTs were defined as the occurrence of a thrombotic episode in

the veins assessed by color flow Doppler ultrasonography when

symptoms and signs (pain, tenderness, swelling or edema, or

warmth) appeared. Direct visualization of endoluminal

thrombotic material and the non-compressibility criterion were

used to demonstrate the presence of thrombosis. Doppler imaging

was used to obtain information on blood flow. Ultrasonography was

not routinely performed in asymptomatic patients to monitor

venous blood flow. CRT not associated with signs or symptoms

was not considered a complication in our study. According to

internal guidelines, the administration of LMWH in the case of

CRT was based on the PLT count: the full dose of the drug (100 UI/

kg twice) was administered when the platelet count was >50 x 109.

The 50% dose was considered when the PLT value was between 50 x

109 and 20 x 109, and transfusion of platelet concentration was

administered in the case of a PLT count <20 x 109.

Mechanical complications included obstruction, malfunction,

rupture, and dislocation.

Statistical analysis was performed using R (25). If more than one

PICC was used in a single patient, each was counted as a separate

event in our analysis. The rate of infectious and thrombotic

complications was expressed as absolute number/1,000 days/PICC.
Results

From March 2007 to June 2020, 316 PICC implantations were

performed in 276 HL patients (156 men and 120 women) and 363

PICC in 322 NHL patients (178 men and 144 women). The mean

age for HL was 36 years (range 16–85) and 58 (range 17–86)

for NHL.
Indication

In HL, 305 (96.5%) patients were used for immunochemotherapy,

two (0.6%) for supportive care, seven (2.2%) for autologous HSCT, one

(0.3%) for allogeneic HSCT, and one (0.3%) for a tandem program of

autologous and allogeneic HSCT. Similar data were observed in the

NHL population: 333 PICC (91.7%) for immunochemotherapy

courses, 13 (3.6%) for supportive care, 14 (3.8%) for autologous

HSCT, and three (0.8%) for allogeneic HSCT.

148 (46.8%) and 255 (70.2%) PICCs were implanted in HL and

NHL patients who had previously received chemotherapy, respectively.
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Device Characteristics and Implantation
Techniques

Of 316 PICCs implanted in HL patients, 184 (58.2%) were non-

valved and 132 (41.8%) were valved. There were 200 polyurethane

devices implanted (63.3%), of which 148 (74% polyurethane and

46.8% total PICC) were power PICCs. There were 116 (36.7%)

silicone catheters. Only nine devices were double-lumen power

PICCs (2.8% of the total). Intracavitary ECG guidance was used for

implantation in 58 (18.4%) PICCs.

In the NHL population, 289 (79.6%) were non-valved and 74

(20.4%) were characterized by a valved system. 306 (84.3%) and 57

(15.7%) devices were made of polyurethane and silicone,

respectively. There were 255 power PICCs (70.2% of the total and

83.3% of the polyurethane catheters) and 30 bilumen power PICCs

(8.3% of total catheters). A total of 62 (17%) PICCs were inserted

with intracavitary ECG guidance.
Outcome and Complications

Twelve and 20 PICCs were lost during follow-up in the HL and

NHL populations, respectively. Therefore, an analysis of duration

and complications was performed in 304 and 343 devices,

respectively. Nine of 304 PICCs (2.9%) in HL patients and 3 of

343 (0.9%) in NHL patients were still in situ and in use at the time of

analysis. The total duration of PICC life was 50,660 days (median

157; range 1-828) in the HL population and 43,919 days (median

150; range 1-518) in the NHL patients. The reasons for the

difference in the two populations are shown in Table 1.

Of note, most PICCs in HL and NHL patients were removed at

the end of therapy (86.1% vs. 76.5%), and none of the suspected

catheter-related bloodstream infections were confirmed by

microbiological testing. Only one case of rupture was recorded in

an NHL patient with a silicone PICC. Catheter salvage was

performed under angiographic guidance. Overall, the data were
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consistent between the populations despite the differences in

therapeutic regimens. Complications recorded in both

populations are described in Table 2.

No complications occurred in more than 90% of PICCs in either

population. Only one and four episodes of confirmed PICC-related

CRBSI (0.3%; 0.02/1,000 days/PICC and 1.2%; 0.07/1,000 days/

PICC) were recorded in HL and NHL patients, respectively. The

pathogens isolated in blood cultures and PICC tip analysis were

Staphylococcus epidermidis, Staphylococcus hominis, Pseudomonas

aeruginosa, and Candida albicans. All CRBSIs occurred during

neutropenia associated with peripheral hematopoietic cell

transplantation. The higher rate in NHL patients is probably

related to the more frequent use of AutoHSCT in these patients.

There were only 11 (3.6%; 0.25/1,000 days/PICC) and nine (2.6%;

0.17/1,000 days/PICC) episodes of symptomatic PICC-related

thrombotic complications in HL and NHL patients, respectively,

without removal. All CRT in NHL patients were observed in

association with polyurethane PICCs, whereas two cases of

thrombotic events in the HL population were associated with

silicone devices. No difference in the frequency of CRT was found

in association with sex, the presence of a valve, the use of an

intracavitary ECG lead, and the number of lumens in either

population. CRT occurred as a late complication in most patients

(>100 days/PICC). No CRBSI + CRT episodes were reported.
Discussion

The importance of PICCs for the management of

oncohematologic patients has increased over the past 20 years, as

they represent a reliable central venous catheter characterized by

ease of insertion with possible bedside intervention and low rates of

mechanical, infectious, and thrombotic complications. In addition,

the introduction of new materials and technical features (e.g.

Power-PICC, multilumen devices, tunneled devices, and PORT)

has improved the safety profile in this patient population, making

these devices a reliable alternative to CICCs for the management of

immunochemotherapy, supportive care (such as blood

transfusions), and frequent blood sampling, injection of high-flow

X-ray contrast agents (magnetic resonance imaging, computed
TABLE 1 Causes of removal.

HL population
(n/%)

NHL popula-
tion (n/%)

End of therapy 254 (86.1%) 260 (76.5%)

Death 3 (1%) 32 (9.4%)

Local infection 3 (1%) 0

Systemic infection 1 (0.3%) 2 (0.6%)

Early malposition 1 (0.3%) 2 (0.6%)

Late malposition 1 (0.3%) 4 (1.2%)

Occlusion 10 (3.4%) 4 (1.2%)

Catheter rupture 0 1 (0.3%)

Suspected catheter-related
bloodstream infection

7 (2.4%) 9 (2.6%)

Accidental withdrawals 15 (5.4%) 26 (7.6%)
TABLE 2 Complications.

HL population
(n/%)

NHL population
(n/%)

No complications 274 (90.1%) 319 (93%)

Deep venous thrombosis 11 (3.6%) 9 (2.6%)

Local infection 4 (1.3%) 0

Systemic infection 1 (0.3%) 4 (1.2%)

Early malposition 1 (0.3%) 2 (0.6%)

Late malposition 1 (0.3%) 4 (1.2%)

Occlusion 10 (3.3%) 4 (1.2%)

Catheter rupture 0 1 (0.3%)
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tomography, and positron emission tomography) and, more

recently, peripheral autologous (auto-HSCT) and allogeneic (allo-

HSCT) hematopoietic stem cell transplantation in inpatient and

outpatient settings (26–31).

In this prospective study, we investigated the efficacy and safety of

PICCs for the treatment of patients with non-Hodgkin’s andHodgkin’s

lymphomas, who represent ideal populations for obtaining the best

benefit from these devices, depending on the management

characteristics. We started our activity with the silicone Groshong®

PICC monolumen 4 French BARD® because of the lower risk of

occlusion in discontinuous use due to the presence of the valve and the

low rate of CRT. With the improvement of our bundle for the

management of PICCs and the introduction of more resistant and

biocompatible materials, we have moved to the use of non-valved

polyurethane multilumen devices and power PICCs. These latter

catheters proved to be more reliable, especially for more complex

therapies. The choice of the best catheter depends on the therapeutic

regimen (immuno-chemotherapy, peripheral hematopoietic stem cells,

autologous and allogeneic transplantation, cellular therapies, and

supportive care) and patient and disease characteristics (i.e., stage

and presence of bulky masses). We prefer the power PICC and

multilumen systems for long-term treatments, including peripheral

stem cell transplantation.

Themedian life expectancy was 150 days for NHL patients and 157

days for the HL population. These data are consistent with the duration

of chemotherapy in most patients and are associated with continued

management by our PICC team using internal protocols. According to

the guidelines of our vascular access center, more than 90% of PICCs

were implanted in a dedicated clinic by trained nurses, avoiding the use

of an operating room and operation room staff. This allowed for easier

management of insertion and economic efficiency of the process. In

70.2% of NHL patients, PICCs were implanted at a relapsed/refractory

stage with prior chemotherapy, which did not affect the ability to

implant, and often the same PICC was used to perform auto- or allo-

HSCT as part of the therapeutic regimen. No differences were observed

in the difficulty of insertion or the occurrence of complications

according to the arm or vein of implantation.

For HL and NHL, 86.1% and 76.5% of PICCs, respectively, were

removed at the end of therapy, which is considered as the

completion of first-line therapy or hematologic recovery after

transplantation, and only less than 14% and 25% of PICCs,

respectively, were removed because of complications or death.

These data suggest high efficacy and safety as a supportive tool

for the management of these populations.

Of note, we recorded a relatively high rate of accidental removal

(more common in NHL patients at 7.6% of PICCs), likely due to the

anchoring of the devices with a needle system. This procedure was

preferred to avoid the inconvenience of using sutures and the risk of

local infectious complications, but requires adequate patient

education on the proper handling of the device at home in terms

of arm movements.

Occlusion that does not respond to local therapy is another

common cause of remission; in this case, it is mandatory to wash the
Frontiers in Hematology 05
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occlusion. None of the suspected CRBSIs in which the PICCs were

removed were confirmed by microbiological testing.

Only one NHL patient ruptured a silicone PICC. Infectious and

thrombotic events represent the most dangerous complications

associated with central venous catheters. In particular, CRBSIs

require immediate removal of the device and administration of

parenteral antibiotic therapy, depending on the results of peripheral

vein and device blood cultures and tip evaluation.

Several clinical prospective and retrospective experiences (32–

35) reported an increased risk of complications from the use of

PICCs in oncohematologic patients.

In our series, no complications occurred in more than 90% of

PICCs (90.1% and 93% in HL and NHL patients, respectively).

These results may be due to the management by a dedicated PICC

team and the proper choice of catheter type according to the

treatment program and disease and patient characteristics.

Despite data from several studies (32–38) showing a high

incidence of CRBSIs in hematologic patients with PICC, in our

evaluation, the rate of bloodstream infections was very low in the

HL and NHL populations. These infections were detected during

the transplant procedure and were associated with marked

neutropenia. The rigorous application of CDC criteria for the

detection of CRBSIs allowed us to exclude cases of bloodstream

infections due to other causes, such as mucosal barrier injury. All

PICCs were removed and systemic antibiotic therapy was initiated.

This low incidence might be related to the outpatient treatment,

short time period, and low degree of neutropenia in most patients.

Thrombotic events have been the major obstacle to the use of

PICCs in clinical practice, especially in oncology. Cancer-related

hypercoagulative status, reduced vessel lumen, difficult venipuncture

due to blind access, and stiffness of materials were considered risk

factors for the occurrence of CRT (38–40). The use of color Doppler

ultrasound-guided implantation, new biocompatible materials, and

proper selection of available vessels with an appropriate caliber have

reduced these risks. Despite these improvements, the rate of CRT

remains high in hematology (33–35, 41, 42). In addition, the

management of CRT in oncohematologic patients can be challenging

because of thrombocytopenia (43). At our center, we manage CRT

according to the recommendations of the GAVeCeLT group (44, 45),

and trial data show a relatively low incidence of CRT. This rate is

consistent with data from reported clinical experience and studies. As

described above, we did not detect a difference in the incidence of CRT

associated with sex, use of intracavitary ECG guidance, device type

(number of lumens, caliber, power PICC, material, and presence of a

valve), vessels, and presence of massive disease. CRT showed late onset

(>100 days/PICC), which is likely due to the long median life of the

devices. No concurrent CRBSI and CRT episodes were reported. The

presence of CRT affected the lifespan of PICCs used during this

complication without tip occlusion. We removed the PICCs after

LMWH therapy and documentation of partial recanalization of the

veins. We did not take prophylactic measures to reduce the risk

of CRT.
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Conclusion

PICCs are an important tool for the management of

oncohematologic patients.

They allow the safe and efficient administration of intensive

treatments, even in the context of complex therapeutic programs,

such as autologous and allogeneic peripheral hematopoietic stem cell

transplantation. One of the most important advantages of PICCs is the

possibility of safe discontinuous use in a day hospital regimen. HL and

NHL patients represent the ideal population to benefit from the

features of these devices. To our knowledge, this is the first study to

evaluate the efficacy and safety of PICCs in clinical practice in these

patient populations. Our data show that PICCs provide efficient

treatment with a manageable safety profile for patients and nursing

and medical staff. We reported low rates of infectious and thrombotic

complications, with little impact on patient management. Importantly,

the presence of a dedicated PICC team with a validated internal

protocol has been shown to be essential for preventing complications

and providing appropriate and early intervention when they occur.

In our opinion, the results of the study suggest that PICCs must

be considered the gold standard for vascular access management in

these patients and should be considered an essential step in

managing HL and NHL populations.

Furthermore, the establishment of a dedicated “PICC team” in a

hematology center is essential for minimizing the risk of

complications and improving the efficiency of these devices.
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