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Abstract

Removal of totally implanted central venous access devices (brachial ports, chest-ports, femoral ports) is potentially
associated with the risk of untoward events, some of them negligible (prolonged maneuver time due to technical
difficulties), some relevant (hematoma), and some severe (embolization of catheter fragments into the circulation). The
removal technique suitable for minimizing such complications has been described only in few manuals, but it has never
been standardized. This paper describes a standardized protocol (SaRePo: Safe Removal of Ports) which consists of seven
basic strategies to be adopted systematically during removal of totally implanted venous access devices, so to minimize
the risk of adverse events. These strategies include: evaluation of the patient’s history, preprocedural ultrasound scan of
the veins, appropriate aseptic technique, proper local anesthesia, catheter extraction, removal of the reservoir from the
pocket, closure of the surgical incision.
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Introduction (femoral port).” Other locations of the reservoir have been
described in the past (such as above the trapezius muscle,
or in the lateral thoracic area, or above the sternum, etc.),
but are rarely adopted in the current clinical practice.

Totally implanted vascular access devices (TIVADs or
ports) are commonly used for long term intravenous treat-
ments in non-hospitalized patients (chemotherapy, home
parenteral nutrition, prolonged antimicrobial treatments,
etc.).!3 They consist of a central venous catheter con-
nected to a reservoir, which is placed in a subcutaneous
pocket.* The reservoir can be placed in different locations:
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The indications to port insertion have been discussed in
several documents,>® and the technique of implantation
has also been standardized in dedicated protocols.?>78

The removal of ports, on the contrary, is not frequently
addressed in the literature. Existing recommendations®®?
are mainly focused on the indications for port removal,
which include the following conditions:

- When the treatment has been completed. In onco-
logic patients with ports used for chemotherapy,
the current strategy is to remove the device at the
end of the treatment, when no further utilization is
expected for the next 6—9 months.

- When the device is no longer appropriate. This
may happen in a patient who, after using the port
for several cycles of chemotherapy, is directed to
palliative care; supportive treatments usually
require frequent venous access, and port may not
be the most appropriate device.

- When there are complications requiring the
removal of the device. These include infections,
mechanical complications (irreversible occlusion
of the lumen, secondary malposition, catheter rup-
ture), exposure of the reservoir (typically, because
of relevant weight loss or because of skin erosion
due to drug extravasation) and some cases of
venous thrombosis (when the thrombus is located
at the tip of the catheter and causes malfunction).
In case of infectious complications, a multidiscipli-
nary consult with a specialist in infectious disease
is mandatory. Salvage of the device with lock ther-
apy is sometimes possible in some situations, and it
should be considered if the port is still needed.!%!!

- When the patient refuses the device. Patients with
psychological difficulties in accepting the dis-
ease, at some point of the treatment, might ask for
the port to be removed even against the advice of
the health professionals (who must inform the
patient about the negative consequences of such
decision).

Many scientific studies have also investigated the prev-
alence of the different causes for port removal. In a retro-
spective study published a decade ago,'? the main causes
for port removal were end of treatment (50%), catheter
occlusion (25%), extravasation (16%), infection (8%). In a
retrospective study on 242 pediatric patients, the reason
for removal was a device-related complication in 29% of
cases.”® In a more recent study on 1005 port removals,'*
about 60% of the ports were removed because of comple-
tion of therapy while 40% because of complications such
as infection (4.7%) or thrombosis (3.6%). In a retrospec-
tive study on 2583 patients,'> the main reasons for removal
were end of treatment (88.3%), infection (5.7%), mechani-
cal complications (3.1%), or thrombosis (1.1%). In another

recent study on 208 oncologic children,'® the most fre-
quent cause for removal of long term central venous access
devices (including TIVADs but also tunneled CVADs)
were end of treatment (69.2%), infection (10.6%), and
malfunction (3.4%). Some case reports have discussed
other less frequent indications to port removal and/or
replacement, such as secondary malposition'”'® or catheter
rupture and embolization.'®

Few publications discuss the incidence of complica-
tions during port removal. In one of these studies,'> 38
complications were reported during 2583 port removals,
with an incidence of 1.47%. The most frequent complica-
tion was bleeding (17 patients, 0.66%), which required
surgical control of hemostasis in 8 patients; 3 of these
patients were on anticoagulation therapy and 3 on antiag-
gregating drugs. Pocket infection occurred in 8 patients
(0.31%), wound dehiscence in 3 patients (0.12%), mechan-
ical complications in 10 patients (0.39%: 9 cases of embo-
lization of catheter fragments and 1 case of failed
removal).'” In a retrospective review of 208 CVAD remov-
als in children (including not only TIVADs but also tun-
neled CVADs), 20 complications (9.6%) were reported;
indwelling time >2years was associated with a 2.87
increased risk of difficult removal of the CVAD.!® In a
recent retrospective study on the removal of 514 ports, the
incidence of difficult removal was 7.4%; indwelling dura-
tion, silicone catheter, and local chronic inflammation due
to subcutaneous leakage of fluid were identified as signifi-
cant risk factors for difficult removal.?® A similar finding
had been reported by other authors,'? which detected a
high rate of catheter damage with local granuloma at the
entrance of the vein when the catheter attached to the res-
ervoir was a silicone Groshong® catheter. In a review of 98
port removals in pediatric patients, the removal was unsuc-
cessful in eight cases, as the catheter was “stuck” inside
the tissues and/or in the vessels.?! Catheter embolization
during the removal has also been reported, with an inci-
dence of 1.8%?? and 2.2%.% In a vast retrospective study
on 4954 cases of port removal in breast cancer patients, the
incidence of complications was 0.3% (13 cases) including
2 cases of bleeding, 5 cases of difficult removal, and 6
cases of delayed wound healing; the authors reported also
35 cases of catheter fracture/rupture detected at post-
removal examination, all of them regarding silicone cath-
eters and associated with longer indwelling time of the
device.*

Some of these complications may be prevented or
anticipated by the proper assessment of the patient’s his-
tory before removal: a long indwelling time of the device
or inappropriate techniques of venipuncture or placement
of the reservoir during port implantation may be associated
with an increased risk of complications at removal. A
recent evidence-based document® has provided recom-
mendations regarding the assessment of the coagulation
status of the patient, to reduce the risk of bleeding during
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removal. It seems logic that removal-related complications
may be minimized—or at least predicted—by an appropri-
ate protocol of TIVAD removal, but recommendations are
scarce in this regard.

The detailed surgical technique of the removal proce-
dure is rarely addressed in the literature, and almost exclu-
sively in manuals about TIVADs, such as the one published
by the Interdisciplinary French Group of Venous Access
(GIFAV) in 2019,' or the recent one published by the
Italian Group of Long-Term Venous Access (GAVeCeLT)
in 2024.2

In the last few years, GAVeCeLT has developed inser-
tion protocols for different vascular access devices,?®?’
with the purpose of standardizing each vascular procedure
and make it safer, by including all the current strategies of
complication prevention in operative bundles synthetized
in few steps.

In response to the published safe insertion maneuvers, a
group of GAVeCeLT experts has developed a novel bundle
focused on the procedure of port removal, nicknamed “the
SaRePo protocol” (Safe Removal of Port). It consists in
seven key recommendations—based on the best available
evidence—which aim to minimize the complications
(infection, bleeding, catheter embolization, etc.) that may
occur during port removal, in all patient populations (both
in children and in adults).

The SaRePo protocol

(1) Patient’s clinical history. The first step is to verify
the proper indication to port removal (end of treat-
ment, or complications requiring removal, or need
for a more appropriate device, or patient’s deci-
sion). Similarly to what recommended for port
insertion, the patient’s coagulation status should be
evaluated. A platelet count below 50 X 10/L or a
PT/INR above 1.5 may be considered a contraindi-
cation to port removal. In case of low platelet count
and strong indication to immediate port removal
(e.g. because of infection), platelet transfusion
should be considered soon before the maneuver.
The antithrombotic treatment or the double antiag-
gregant therapy—if present—should be withheld
according to the recommendations of the above
mentioned GAVeCeLT consensus.?> The clinical
history should be investigated also for the purpose
or identifying conditions which may be associated
with difficult removal: long stay of the device, pos-
sible pinch-off due to blind infra-clavicular
approach to the subclavian vein, high puncture of
the internal jugular vein, catheter made of silicone,
reservoir in abnormal location. Preoperative
assessment should also include an evaluation of the
skin above the reservoir to rule out local inflamma-
tion, suppuration, or skin erosion. Preoperative

2

3)

antibiotic is warranted only if the port is removed
because of infection. The patient should be fully
informed about the technical aspects of the maneu-
ver and should sign a consent form. Removal
should be preferably performed in a dedicated pro-
cedure room: it is not recommended to perform
removal in a surgical theater or in a radiological
suite, as the use of these facilities would not
increase the safety of the procedure but it would
reduce its cost-effectiveness.

Pre-procedural ultrasound scan. Ultrasound scan
is useful to rule out unrecognized complications
such as secondary malposition of the tip and/or
asymptomatic venous thrombosis. Current guide-
lines do not recommend pre-procedural ultrasound
evaluation before removal,’ but since the maneu-
ver is likely to be performed in a dedicated proce-
dure room equipped with ultrasound devices, a
preprocedural scan is logistically sustainable and
presumably cost-effective. If a venous thrombosis
is identified, a proper anti-thrombotic treatment
with low molecular weight heparin or with fonda-
parinux should be started and port removal should
be delayed at least for 72h. The ultrasound evi-
dence of a particularly florid fibroblastic sleeve
along the catheter or of a prominent granuloma at
the site where the catheter enters the vein may
anticipate difficulty in the extraction of the cathe-
ter. A granuloma at the site of venipuncture is often
present when the catheter has been inserted by
blind infra-clavicular approach to the subclavian
vein; in these cases, it is recommended an ultra-
sound scan of the supraclavicular area, to verify the
presence of the catheter in the subclavian and in the
brachio-cephalic veins. Failure to visualize the
catheter in these supraclavicular veins must prompt
a chest radiograph before removal, to rule out cath-
eter fracture secondary to the pinch-off syndrome,
with embolization of the distal fragment of the
catheter into the heart or into the lungs. If the cath-
eter is visualized in the supraclavicular veins, a
bubble test (i.e. rapid infusion of saline mixed with
air) should be performed, by placing the linear
ultrasound probe under the clavicle: the appear-
ance of micro-bubbles in the subcutaneous tissue is
strongly suggestive of a structural damage of the
catheter wall, secondary to pinch-off, without
embolization.? In selected cased, trans-thoracic
echocardiography with bubble test may be used to
identify the correct catheter tip position before
removal.>’

Proper aseptic technique. “Surgical” hygiene of the
hands, skin antisepsis with 2% chlorhexidine in

70% iso-propylic alcohol, and “minimal” barrier
precautions are recommended. The operator should
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wear a non-sterile cap, non-sterile surgical mask,
and sterile gloves. The use of sterile surgical gown
is not strictly required. The use of all-inclusive pro-
cedural packs simplifies the procedure and reduces
the costs: each pack should ideally contain cap,
mask, sterile perforated drape, additional sterile
drapes, disposable surgical tools (a needle holder, a
klemmer, a forceps), a #11 scalpel blade, a 3-0 or
4-0 monofilament adsorbable suture, a 10 mL luer-
lock syringe, a 25-27 G needle for local anesthesia,
a semi-permeable transparent dressing, some
gauzes. Other items may be included or not,
depending on local regulatory policies and cost
convenience (local anesthetic, chlorhexidine in
alcohol, sterile gloves, and cyanoacrylate glue).

(4) Local anesthesia and skin incision. Port removal
is best performed reopening the previous surgical
incision performed to insert the reservoir into the
subcutaneous pocket. The novel incision is car-
ried out along the previous scar, after appropriate
local infiltration with local anesthetics (ropiv-
acaine or else). In case of tunneled ports, two inci-
sions may be required—one over the reservoir
and the other at the venipuncture site, where the
catheter gets into the vein—if there are difficul-
ties in catheter extraction. If the reservoir is par-
tially or totally exposed, or if the skin is altered by
inflammation or extravasation, a lozenge incision
should be performed, so to remove the previous
scar together with the pathologic tissue. In most
cases, local anesthesia (10—15mL or less) will be
sufficient: sedation or general anesthesia may
be required in children or in non-cooperative
patients.

(5) Catheter extraction. Soon after the incision, the
connection between reservoir and catheter should
be identified, and then the catheter should be lifted
up with the klemmer. After freeing the catheter
from the connective sleeve that normally surrounds
it in the subcutaneous tissue, the catheter must be
slowly extracted from inside the sleeve. The cath-
eter can be freed from the connective sleeve using
gentle rubbing with gauze; in some cases, a longi-
tudinal incision of the sleeve using a scalpel may
be necessary, but care should be taken not to injure
the underlying catheter. The catheter should always
be inspected after removal, to rule out damages or
ruptures and verify that the whole length of the
catheter has been removed.

In some situations, resistance to catheter extraction may
be encountered, for several reasons:

- presence of a particularly thick connective sleeve
in the subcutaneous tract (this event is more com-
mon in the case of chest ports);

- presence of a fibroblastic sleeve in the intravascu-
lar tract that, by coiling around the catheter during
removal, increases the resistance at extraction
(more frequent in the case of PICC-ports);

- presence of a granuloma at the site of catheter
insertion into the vein (more frequent when the
catheter has been inserted by “high” puncture of
the internal jugular vein or by blind infraclavicular
puncture of the subclavian vein, and particularly if
the catheter is made of silicone).!>%°

If the resistance at catheter extraction is due to fibro-
blastic sleeve, the catheter should be interrupted close to
the connection with the reservoir and a metal guidewire
should be threaded into the catheter; after this maneuver,
the catheter will be more rigid and it will be easier to free
it from the subcutaneous connective sleeve.’'*? Also, if the
resistance to extraction is due to the intravascular fibro-
blastic sleeve,® the guidewire inside the catheter will
allow the catheter to be pulled out by imparting a rota-
tional movement on its axis that will facilitate the rupture
of the adherence between sleeve and catheter, as well as
between sleeve and vein wall.! In some case reports, the
presence of catheter-related thrombosis has also been
described as a possible cause of difficult catheter extrac-
tion; though, it may be sometimes difficult to differentiate
between thrombosis and fibroblastic sleeve. For example,
in a recent case report,** the unsuccessful removal of a port
was ascribed to thrombosis of the left brachiocephalic
vein, but the angiographic images provided by the authors
are strongly suggestive of a fibroblastic sleeve.

In the presence of a granuloma, the insertion of a metal
guidewire inside the catheter is recommended too, since
this will allow to follow more easily the tract of the cathe-
ter inside the subcutaneous tissues, till the site where the
catheter enters the vein, that is, where the granuloma is
located. Such granulomas are usually caused by the pres-
ence of microlesions of the catheter wall, either due to
pinch-off (more frequently in case of silicone catheters) or
due to excessive angulation of the catheter when entering
the vein (lesions that are also more frequent with silicone
catheters and particularly with Groshong® catheters,
whose silicone is even more fragile).!>?%?43 In the above-
mentioned report of eight cases of “stuck” catheter during
removal of 98 ports in children,?! 90% of catheters had
been inserted by blind infraclavicular approach and 70%
of catheters were made of silicone. In the presence of par-
ticularly damaged or fragile catheters, the catheter may
break during the removal and the distal fragment may be
found to be stuck at its entrance in the vein or embolized
inside the heart and the pulmonary circulation. In these
situations, interventional cardiology or interventional radi-
ology maneuvers will be necessary to retrieve the frag-
ment, which may remain close the site of venipuncture or
embolize more distally. According to the literature, embo-
lization of catheter fragments has never been associated
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with pulmonary ischemic damage. Though, there is a risk
of arrhythmias, particularly if the fragment remains stuck
inside the right ventricle.3® The decision whether or not to
remove the fragment and the urgency of the procedure
depends on the actual clinical situation (presence of symp-
toms, location of the fragment, patient’s prognosis,
patient’s willingness to consent to the maneuver).

The best prevention of such accidents involves proper
strategies during port implantation:

- avoid silicone catheters (and especially Groshong®
catheters, which are particularly fragile)!>20-2435;

- avoid “blind” subclavian puncture, an antiquate
and dangerous technique that carries not only the
risk of immediate complications (pneumothorax,
arterial or nerve damage, etc.), but also the risk of
late complications such as pinch-off®%37;

- avoid “high” punctures of the internal jugular vein,
which are associated with the risk of catheter kink-
ing, which may cause damage of the catheter and
granulomas secondary to leak of infused
fluids.®1237

Routine culture of the tip of the catheter is not recom-
mended, since it is not an accurate method for ruling out
infectious complications; the proper diagnosis of port-
related bloodstream infection is best established by paired
blood cultures before removal, according to the method of
differential time to positivity.'?

(6) Removal of the reservoir. After extracting the cath-
eter, the reservoir is removed. This maneuver is not
associated with relevant risks, but it may be some-
times difficult, for example if a particularly thick
capsule of connective tissue has developed around
the reservoir, or if the reservoir has been placed far
from the surgical incision or very deep inside the
subcutaneous tissue, or if the reservoir has been
sutured to the muscle (a practice now obsolete).

Removal of the reservoir should be done by blunt dis-
section; the scalpel should be used only to cut the skin.
Removal of the reservoir is usually easier with PICC-ports
than with chest-ports.

The currently recommended maneuver is to remove the
reservoir while leaving the capsule in place, to avoid
excessive tissue damage and local bleeding. Though, the
strategy of leaving the capsule in place may have a late
side effect, that is, the persistence of a seroma at the previ-
ous site of port removal. Such seroma is nothing else than
the previous capsule, whose empty space has been occu-
pied by serous fluid of lymphatic origin.

Formation of a hematoma at the site of removal is a rare
occurrence, and it recognizes one of the following causes:

- failure to detect risk factors in the patient’s history
(e.g. low platelet-count patient or anticoagulant
therapy);

- use of scissors or scalpel during the dissection;

- failure to suture arterial or venous vessels acciden-
tally severed during the removal of the reservoir;

- presence of a particularly thick connective sleeve
around the catheter, which may allow reflux of
blood from the vein (if this occurs, the sleeve
should be ligated soon after the extraction of the
catheter);

- removal of the capsule surrounding the reservoir.

(7) Closure of the incision. Closure is best obtained
by closing the derma with detached inverted
stitches, using 3-0 or 4-0 adsorbable monofila-
ment thread, and sealing the epidermis applying
cyanoacrylate glue. The incision is then covered
with gauze and semi-permeable transparent mem-
brane, or with a transparent membrane alone.
After a few days, the dressing is removed: a dry
crust of cyanoacrylate glue will still be visible on
the skin, but it should not be removed mechani-
cally, since it will slowly flake off as the epider-
mal layers are replaced. A clean, uneventful
closure of the incision will guarantee the possibil-
ity of reusing the same incision if implantation of
a new TIVAD should be required in the following
months or years. In case of infection, if there is
purulent discharge inside the pocket, the secretion
must be sent for culture; then, the wound must be
rinsed, filled with gauze, and allowed to heal by
second intention. In this case, peripheral blood
culture might be indicated, if the patient has not
yet started an antibiotic treatment. Delayed wound
healing has been described as a possible but rare
complication** and can be prevented by avoiding
transcutaneous non-adsorbable sutures (which are
potentially associated with infectious granulomas
and wound dehiscence) and by proper suture of
the derma followed by application of cyanoacr-
ylate glue.

Conclusions

Complications during port removal are rare but potentially
relevant, and they include bleeding, difficult or impossible
removal of the catheter, embolization of catheter frag-
ments into the circulation, infection, wound dehiscence,
and seroma.

As suggested in a recent retrospective study,?* a com-
prehensive pre-removal evaluation and the strict adher-
ence to a well-defined procedural protocol of removal may
effectively anticipate difficulty in removal and prevent
complications.
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Table I. The SaRePo protocol.

Steps Recommendations

I.  Patient’s history

Check for coagulation abnormalities or anticoagulant treatment.

Collect information on port insertion: anticipate difficulties of extraction for very long indwelling
device, silicone catheters, blind puncture of the subclavian vein, high puncture of the internal jugular

vein.
2. Pre-procedural
ultrasound scan

3. Aseptic technique
“minimal” barrier precautions.

4. Incision

5. Catheter extraction Remove the catheter first.

Check the integrity of the catheter and the location of the tip.
Rule out venous thrombosis and fibroblastic sleeve.
Surgical hygiene of the hands, skin antisepsis with 2% chlorhexidine in 70% iso-propylic-alcohol, and

Re-open the previous incision, after proper infiltration with local anesthetic.

Insert guidewire into the catheter, in case of resistance to extraction.

Examine the catheter after removal.
Remove the reservoir only after catheter extraction.

6. Port removal

Do not routinely remove the capsule that surrounds the reservoir.

7. Closure

Close with adsorbable intradermal suture and apply cyanoacrylate glue.

Leave the wound open in presence of suppurative infection.

The SaRePo protocol developed by GAVeCeLT and
described in this editorial includes seven steps (see Table
1) that may be helpful in this regard, if used as procedural
checklist. Though, it is important to acknowledge that the
prevention of removal-related complications relies also in
the adherence to the current recommendations about port
insertion and port maintenance. Current evidence-based
recommendations>®°37 strongly discourage (a) the blind
infraclavicular puncture the subclavian vein, (b) the “high”
puncture of the internal jugular at mid neck, (c) the use of
silicone catheters, and (d) the prolonged maintenance of
ports that are not bound to be used any more. Avoidance of
these four antiquate and inappropriate strategies is likely to
be associated with a dramatic decrease in the incidence of
adverse events during port removal.
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