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Abstract

Purpose To compare retrospectively the safety and effi-

cacy of percutaneous and surgical implantations of port-

catheters for intra-arterial hepatic chemotherapy (IAHC).

Materials and Methods Between January 2004 and

December 2008, 126 consecutive patients (mean age

58 years) suffering from liver colorectal metastases were

referred for intra-arterial hepatic chemotherapy (IAHC).

Port-catheters were percutaneously implanted (P) through

femoral access with the patient under conscious sedation

when no other surgery was planned or were surgically

implanted (S) when laparotomy was performed for another

purpose. We report the implantation success rate, primary

functionality, functionality after revision, and complica-

tions of IAHC.

Results The success rates of implantation were 97%

(n = 65 of 67) for P and 98% (n = 58 of 59) for S. One

hundred eleven patients received IAHC in our institution

(n = 56P and n = 55S). Primary functionality was the

same for P and S (4.80 vs. 4.82 courses), but functionality

after revision was significantly higher for P (9.18 vs. 5.95

courses, p = 0.004) than for S. Forty-five complications

occurred during 516 courses for P and 28 complications

occurred during 331 courses for S. The rates of discon-

tinuation of IAHC linked to complications of the port-

catheters were 21% (n = 12 of 56) for P and 34% (n = 19

of 55) for S.

Conclusion Overall, significantly better functionality and

similar complication rates occurred after P versus S port-

catheters.

Keywords Interventional oncology � Intraarterial �
Liver/Hepatic � Cancer

Introduction

Systemic chemotherapy for patients with from colorectal

liver metastases has improved considerably. During the

past 10 years, the use of new chemotherapeutic drugs (such

as irinotecan and oxaliplatin) and, more recently, targeted

therapies (such as bevacizumab and cetuximab) has
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improved the response rate of liver metastases and, more

importantly, patient survival [1–4]. To continue to improve

the efficacy of chemotherapy and decrease its toxicity and

side effects to untargeted organs, many attempts have been

made to deliver drugs directly to the liver by way of the

arterial supply rather than into the systemic circulation.

Intra-arterial hepatic chemotherapy (IAHC) is adminis-

tered by way of a catheter inserted into the hepatic artery

and connected to a subcutaneously implanted port. Until

recently, the implantation of these arterial port-catheters

required laparotomy; however, recent advances in mini-

mally invasive techniques have allowed their percutaneous

placement [5]. The purpose of our study was to retro-

spectively compare the safety and efficacy of percutaneous

and surgical implantation of port-catheters for IAHC.

Materials and Methods

Patients

We retrospectively analyzed 126 consecutive patients who

were selected for IAHC in our institution from January

2004 to December 2008. The inclusion criteria were either

unresectable liver colorectal metastases or adjuvant treat-

ment after curative treatment of liver colorectal metastases.

There was no evidence of extrahepatic disease on imaging

work-up performed within 4 weeks before the multidisci-

plinary meeting that decided to implant the arterial port-

catheter. This imaging work-up included at least chest and

abdomino-pelvic computed tomography.

Port-catheters were either percutaneously implanted (P)

through femoral access when no surgery was planned or

were implanted surgically (S) when laparotomy was per-

formed for another purpose, such as resection of colorectal

cancer or liver colorectal metastases. Patients were fol-

lowed-up from the date of the catheter placement until the

discontinuation of IAHC.

Catheter Implantation

Percutaneous Implantation of the Port-Catheter

Percutaneous implantation of the port-catheter was per-

formed by an interventional radiologist. Immediately before

and throughout the procedure, patients were administered

minimal conscious sedation and local anesthesia with 1%

lidocaine. First, a 5F cobra-shaped catheter (Cook, Bjae-

verskov, Denmark) was inserted in the femoral artery.

Diagnostic mesenteric and celiac global angiograms were

obtained to assess the arterial supply to the liver. If a replaced

hepatic artery was present, embolization was performed with

0.018- or 0.035-inch steel coils (Tornado; Cook) to allow

perfusion of the entire liver through the proper hepatic artery.

If the right gastric and supraduodenal arteries were identi-

fied, they were embolized with 0.018-inch steel coils (Tor-

nado) after catheterization with a 2.4F microcatheter

(Progreat; Terumo, Tokyo, Japan).

Then a long, tapered 5F catheter (Anthron PU; Toray

Industries, Tokyo, Japan) was used as an indwelling cath-

eter and inserted over an 0.018-inch guidewire (V-18

Control Wire; Boston Scientific, Miami, FL) through the

right femoral artery into the gastroduodenal artery by way

of the celiac trunk. The side hole was located at the distal

portion of the common hepatic artery just before the gas-

troduodenal artery, and the catheter tip was ‘‘fixed’’ [6] to

the gastroduodenal artery with 0.018-inch coils. To avoid

puncturing the controlateral femoral artery, this emboliza-

tion was performed with a 2.4F microcatheter (Progreat)

inserted into the indwelling catheter and exiting by way of

its side hole to reach the gastroduodenal artery.

Finally, the catheter was connected through a subcuta-

neous tunnel to a subcutaneously implanted port (Celsite

ST-305C; B. Braun Medical, Center Valley, PA) through a

longitudinal skin incision performed 2 cm medial to the

antero-superior iliac crest. Port-catheter implantation was

considered technically successful if the contrast medium

injected through the port entirely opacified the liver with-

out any extrahepatic perfusion. Patients were asked to

remain in bed for 4 h after the procedure.

Surgical Implantation of the Port-Catheter

Surgical implantation of the port-catheter was performed

by a surgeon [7]. During laparotomy, the proximal part of

the gastroduodenal artery was dissected a few centimeters

downstream of the origin of the gastroduodenal artery.

The indwelling catheter was inserted proximally in a

retrograde fashion, by longitudinal arteriotomy, until its

tip was exactly positioned in the orifice of the gastrodu-

odenal artery. The catheter tip was secured with nonre-

sorbable sutures. If a replaced hepatic artery was present,

it was occluded to allow perfusion of the entire liver

through the common hepatic artery: A left hepatic artery

coming from the left gastric artery was ligated during the

same procedure, whereas a right hepatic artery coming

from the superior mesenteric artery was presurgically

embolized with 0.018- or 0.035-inch steel coils by an

interventional radiologist. Port-catheter implantation was

considered technically successful if the entire liver

parenchyma turned green after injection of 5 ml fluores-

cein through the indwelling catheter. Then the right gas-

tric artery was ligated, as were all accessory vessels distal

to the site of catheter placement, to prevent misperfusion

of the upper gastrointestinal tract. Finally, the port

(Celsite T202F; B. Braun Medical) was implanted in a
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subcutaneous pocket created in the front of the right

lower ribs.

IAHC

The functionality of the port-catheters was evaluated by the

number of IAHC courses that could successfully be

delivered through it until discontinuation of treatment. The

IAHC regimen [8] combined 100 mg oxaliplatin perfused

over 2 h in the arterial port-catheter and systemic chemo-

therapy with 5-fluorouracil and leucovorin delivered over

48 h (simplified LVFU2 regimen, i.e., 200 mg m2 leuco-

vorin and 5-fluorouracil [bolus 400 and 1200 mg m2,

respectively, in a continuous perfusion over 46 hours]). All

courses of IAHC were performed every 2 weeks by the

same medical oncology team.

The port-catheters were systematically checked before

every course of IAHC using anterior–posterior projection

digital-subtracted angiogram with a frame rate of around 4

frames per second and manual injection of contrast med-

ium through the port (Fig. 1). The goal of this ‘‘control

angiogram’’ was to depict any complications that contra-

indicated the perfusion of IAHC.

When complications̄such as extrahepatic perfusion,

incomplete hepatic perfusion, catheter occlusion not

responding to fibrinolysis (60,000 UI streptokinase per-

fused through the arterial port-catheter over 6 hours), or

migration of the catheter tip̄occured, the revision of the

port-catheter was attempted by an interventional radiolo-

gist as follows:

1. In patients with extrahepatic perfusion, the vessel

involved was embolized with a microcatheter (Pro-

great) and 0.018-inch coils (Fig. 2).

2. In patients with incomplete hepatic perfusion, the

replaced hepatic artery was occluded with 0.018- or

0.035-inch coils to allow perfusion of the entire liver

through the common hepatic artery (Fig. 3).

3. In patients with catheter occlusion not responding to

fibrinolysis, or in case of migration of the catheter tip,

exchanges of the catheters were performed for P, but

not for S, because these catheters are secured with

nonresorbable sutures in the gastroduodenal artery and

thus cannot be removed.

When complications̄such as dissection or thrombosis of

the hepatic artery, infection of the port, or bleeding at the

puncture sitēoccurred, IAHC was stopped and the port

removed.

Data Analysis

We compared the baseline characteristics between the two

populations. We reported the success rates of implantation

for P and S and the mean delay between implantation for

P and S and the first course of IAHC. We reported

complications of the port-catheters, and we compared the

complication rate per course for P and S. We compared

the primary functionality and the functionality after

revision for S and P, and we evaluated the benefit of

percutaneous revision of the port-catheters by compari-

son between primary functionality and functionality after

Fig. 1 A Control angiogram of a P port-catheter. The catheter tip

(black arrow) is located in the gastroduodenal artery with coils

around it, and the side hole is located in the common hepatic artery

(white arrow). The right gastric artery is embolized with coils

(arrowhead). B Control angiogram of an S port-catheter. The catheter

tip (black arrow) is positioned in the orifice of the gastroduodenal

artery and secured with nonresorbable sutures
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revision for P and for S. We reported the causes of

discontinuation of IAHC, and we compared discontinua-

tion rates linked to port-catheter complications for P and

for S.

Efficacy of IAHC in term of response and survival rates

was not evaluated in this study. The different tests used for

the different comparisons are reported in the Tables 1 and

3. Statistical significance was considered at p \ 0.05.

Fig. 2 A Extrahepatic perfusion depicted on control angiogram

performed through an S port-catheter. B Angiogram in the common

hepatic artery. C No extrahepatic perfusion on control angiogram

performed through the port after embolization of the vessel involved

with microcatheter and 0.018-inch coils

Fig. 3 A Incomplete hepatic perfusion depicted on control angio-

gram performed through the port-catheter. B Angiogram in a right

hepatic artery associated with the common hepatic artery and not

depicted during the surgical implantation of the port. C Embolization

the right hepatic artery with 0.035-inch steel coils. D Perfusion of the

entire liver through the common hepatic artery on control angiogram

performed through the port-catheter
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Results

Two interventional radiologists and two surgeons in a

single institution implanted 123 port-catheters to treat 126

indications for IAHC. The success rates of implantation for

P and S were 97% (n = 65 of 67) and 98% (n = 58 of 59),

respectively. The cause of P failure were stenosis of the

celiac trunk (n = 2). The cause of S failure was inability to

insert the catheter into the right hepatic artery, which was

the only artery supplying the liver. S was performed in

addition to resection of colorectal tumor (n = 20), resec-

tion of liver colorectal metastases (n = 30), or both

(n = 9).

Twelve patients received IAHC at another hospital and

could not be analyzed, namely due to variation in the

evaluation of the catheter before each course and various

regimen of chemotherapy. One hundred eleven patients

received chemotherapy at our institution, including 56 P

and 55 S procedures, and could be analyzed, (Table 1).

Baseline characteristics between these two populations

were similar with respect to age and sex, but higher rates of

palliative treatment and a higher number of previous che-

motherapy lines indicated a rather unfavorable prognosis for

patients undergoing P. Such patients received their first

course of IAHC sooner after implantation of the port-cath-

eter than did S patients (13.7 vs. 50.5 days, respectively;

p = 0.004. Primary functionality was not statistically sig-

nificant (4.80 courses for P and 4.82 courses for S, p = 0.99).

Functionality after revision was 9.18 courses for P (514

courses delivered in 56 patients) and 5.95 courses for S (327

courses delivered in 55 patients) (p = 0.004).

Different types of complications of the port-catheter are

listed in Table 2. Rates of complications per course of

IAHC were similar between P and S (p = 0.9): 45 com-

plications̄including thrombosis of the hepatic artery

(n = 1), port infection (n = 2), bleeding at the puncture

site (n = 3), extrahepatic perfusion (n = 20), incomplete

hepatic perfusion (n = 6), occlusion of the catheter not

responding to fibrinolysis (n = 1), and migration of the

catheter tip (n = 8)̄occurred in 33 patients during 516 P

courses, and 28 complications̄including dissection of the

hepatic artery (n = 7), port infection (n = 2), extrahepatic

perfusion (n = 5), incomplete hepatic perfusion (n = 9),

and occlusion of the catheter not responding to fibrinolysis

(n = 4)̄occurred in 25 patients during 331 S courses. One S

patient died from hepatic artery dissection.

The rate of extrahepatic perfusion per course (p = 0.04)

and the rate of migration of the catheter tip per course

(p = 0.005) were significantly higher for P than for S. The

rate of occlusion of the catheter not responding to fibrino-

lysis was significantly higher for S than for P (p = 0.006).

The revisions significantly improved the functionality of

P from 4.80 to 9.18 courses (p = 0.001) and of S from 4.82

to 5.95 courses (p = 0.001). The revisions were performed

in 46 patients (n = 33 P and n = 13 S) for extrahepatic

perfusion (n = 19 P and n = 5 S), incomplete hepatic

perfusion (n = 5 P and n = 8 S), occlusion of the catheter

not responding to fibrinolysis (n = 1 P and n = 0 S), and

migration of the catheter tip (n = 8 P and n = 0 S).

Reasons for and rates of discontinuation of IAHS are

listed in Table 3. The rates of discontinuation linked to

complications of the port-catheters were 21% for P and

Table 1 Patient data and

duration of functionality of the

port-catheter

Patient data P S p Statistical test

No. of patients 56 55

Male (of female) 25 of 31 31 of 24 0.22 Chi square

Age (y)

Mean (SD) 57.7 (10.3) 58.2 (8.8) 0.79 Student t test

Range 33–76 39–78

Neoadjuvant of adjuvant 53 of 3 28 of 27 0.0001 Chi square

Synchrone/métachrone 36/20 (36%) 47/8 (14%) p = 0.02 Chi square

If neoadjuvant, no. of previous chemo

courses Line: means (SD) Range

53 28 0.0004 Student t test for

unequal variance3.2 (1.7) 2.0 (0.8)

1–4 1–4

Means delay (d) between implantation

of first course (SD)

13.7 (51.1) 50.5 (72.0) 0.004 Student t test for

unequal variance

Means functionality duration: no.

of courses (SD)

Primary 4.80 (4.9) 4.82 (4.6) 0.99 Student t test

After revision 9.18 (6.6) 5.95 (4.8) 0.004 Student t test for

unequal variance

Gain after revision 4.38 (5.8) 1.13 (3.6) 0.0006 Student t test

for unequal variance
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34% for S (p = 0.12). Other reasons for discontinuation of

IAHC included tumor progression or death in 57% (n = 32

of 56) for P and 26% (n = 4 of 55) for S; chemotherapy-

induced systemic toxicity in 7% (n = 4 of 56) for P and

25% (n = 14 of 55) for S (a response that allowed hepatic

surgery or radiofrequency ablation in 9% [n = 5 of 56] for

P and 9% [n = 5 of 55] for S); or completion of the

planned adjuvant treatment in 5% (n = 3 of 56) for P and

5% (n = 3 of 55) for S.

Discussion

To further improve the efficacy of chemotherapy and

decrease the toxicity and side effects to untargeted organs,

many attempts have been made to deliver drugs directly to

the liver through the arterial supply rather then into the

systemic circulation. IAHC requires the use of catheters

inserted into the hepatic artery using a subcutaneous arte-

rial port-catheter. There are two different approaches for

the placement of these ports: S or P. An obvious advantage

of the P approach is to avoid invasive surgery when it is

otherwise not warranted. Indeed, the P approach avoids the

specific complications of laparotomy (which are not eval-

uated or reported here) and can be performed using mini-

mal conscious sedation and local anesthesia. Furthermore,

the first course of IAHC can be performed quickly after P,

whereas it should be delayed after laparotomy because of

the convalescence period. Overall, we demonstrated that

primary functionality was the same for P and S but that

functionality after revision was significantly higher for P

than for S. Technical successes were high and were com-

parable for P and S, and the rates of complication were

similar between P and S. Consequently, it can be advised to

avoid S when surgery is not needed for other purpose.

Few studies in the literature compare the S and P

approaches. Hildebrandt et al. [9] compared the compli-

cation and port duration between 41 P and 40 S procedures.

Similar to our study, they report a high success rate for P

(100%, n = 41 of 41) and S (95%, n = 38 of 40) and no

difference in complication rates between P and S. Oberfield

et al. [10] compared 42 P and 58 S procedures: The tumor

response rates showed no significant difference between P

(48%) and S (34%, p = 0.22), no significant difference in

Table 2 Complications of P

and S port-cathetersa

a Poisson regression test

Complications P (n = 56) S (n = 55) p

No. of courses 516 331

No. of complications 45 28 0.90

Dissection of thrombosis of hepatic artery 1 7 (1 death) 0.004

Infection 2 2 0.66

Bleeding 3 0 0.08

Extrahepatic perfusion 20 5 0.04

Incomplete hepatic perfusion 6 9 0.10

Occlusion of catheter not responding to fibrinolysis 1 4 0.006

Migration of the catheter tip 8 0 0.005

Table 3 Discontinuation of IAHC in patients with P and S port-catheters

Reason for discontinuation P (n = 56) S (n = 55) p (statistical test)

Link to the port-catheter (%) 12 (21) 19 (34) 0.12 (Chi square)

Dissection of thrombosis of the hepatic artery 1 7 (1 death) 0.03 (Fisher’s exact)

Infection 2 2 1 (Fisher’s exact)

Bleeding 3 0 0.24 (Fisher’s exact)

Extrahepatic perfusion 5 3 0.72 (Fisher’s exact)

Incomplete hepatic perfusion– 1 3 0.36 (Fisher’s exact)

Occlusion of catheter not responding to fibrinolysis 0 4 0.057 (Fisher’s exact)

Migration of the catheter tip 0 0 –

Tumor progression or death (%) 32 (57) 14 (26) NR

Chemotherapy-induced toxicity (%) 4 (7) 14 (25) NR

Response which allowed curative treatment (%) 5 (9) 5 (9) NR

Completion of the planned treatment (%) 3 (5) 3 (5) NR

NR not reported
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median survival time from treatment until death between P

(1.06 month) and S (13 months, p = 0.39), and longer

duration for P (19 months) than for S (14 months,

p = 0.01).

The benefit of the interventional revision is obvious: It

results in a significant increase of functionality for both P

and S. This requires an interventional radiology team that

systematically checks the port-catheters before each course

of IAHC to depict and manage any complication. The gain

after revision was significantly higher for P than for S (4.38

vs. 1.13 courses, p = 0.0006). This is probably because

revisions are not possible due to some of the complications

of S, namely, occlusion of the catheter not responding to

fibrinolysis, which accounted for 14% of S complication. In

this situation, exchange of catheter was not possible for S

because these catheters were fixed by suture within the

gastroduodenal artery and thus could not be removed.

However, most P complications can be managed by

interventional revision, thus increasing P functionality,

whereas S complications were not fixable. Moreover, in

cases of S complication, a second port can be placed per-

cutaneously. In these cases, because the gastroduodenal

artery was surgically ligated, the catheter tip is inserted as

distally as possible in a branch of the hepatic artery, and the

side hole is located in the common hepatic artery.

The major limitation of our study was the heterogeneous

population. Indeed the proportion of patients who had

undergone IAHC as adjuvant treatment was significantly

lower for P (n = 3 of 56) than for S (n = 27 of 55,

p \ 0.0001). This probably indicates a rather unfavorable

prognosis for P in terms of response. Due to these differ-

ences, it does not seem appropriate to compare response or

survival rates. Despite heterogeneity, it is important to

underline treatment consistency: All patients received fol-

low-up by the same oncology team and consequently

underwent the same IAHC drug regimen and the same

modalities to evaluate functionality.

Conclusion

The P approach is a safe and efficient alternative to the S

approach when no laparotomy is planned. The benefits of

the interventional revision are significant and obvious, both

for P and for S.
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