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Appendix 1: Summary of studies evaluating thoracentesis-related complications in

last 6 years

Author Study type Main finding Overall risk estimate
for consent
Pneumothorax <5%
Cavanna 2014’ Retrospective cohort Decreased risk of PTX with ultrasound guidance used for 445
cancer patients. 3.37% incidence of PTX, 0.97% with ultrasound
guidance, 8.89% without.
Perazzo 20142 Prospective study Decreased risk of PTX with ultrasound guidance (1.25% vs 12.5%)
Ault 2015° Prospective cohort 9,230 thoracenteses. 0.61% PTX rate; PTX associated with
>1500ml removed, unilateral procedure, more than one pass
through skin and low BMI (<18). 0.18% bleeding episodes, 0.01%
RPO.
Cho 2017* Retrospective cohort 0.62% PTX rate. PTX associated with low BMI (<18.5)
Shechtman 2020° Retrospective cohort 12% PTX rate. PTX associated with higher rate of congestive heart
failure, smaller depth of pleural fluid, larger volume of fluid drained
and bilateral procedures.
Touray 2017° Retrospective cohort latrogenic PTX rate 1.38% with use of ultrasound.
Hooper 2015’ National Audit (BTS) 15/1162 (1.3%) patients developed an iatrogenic pneumothorax.
Bleeding complications <1%
Ault 2015° Prospective study 0.18% bleeding complications, 0.01% haemothorax, 0.05% rate of
haemothorax without correction of bleeding risk; no association of
bleeding risk with patient or laboratory parameters.
T Touray 2017° Retrospective cohort Bleeding complication rate 0.4%
Perl 20208 Retrospective case No increased bleeding risk in clopidogrel treated patients. 2.2% vs
control 1.2%
Hooper 2015’ National Audit (BTS) 13/1162 (1.1%) patients developed a haemothorax and 12/1162
(1%) developed a chest wall haematoma.
Re-expansion pulmonary oedema (RPO) <1%
Ault 2015° Prospective cohort 10/9320 (0.01%) incidence of RPO; association with volume of
fluid removed and non-inflammatory conditions.
Senitko 2019° Prospective Vacuum aspiration associated with increased risk of complications
randomised study (5/51 vs 0/49 p=0.03), PTX n=3, surgically treated haemothorax
and death (n=1), RPO causing respiratory failure (n=1)
Failed procedure / dry tap 4%
Hooper 2015’ National Audit (BTS) 43/1162 (3.7%) had a failed procedure or dry tap.
Pain 5%
Hooper 2015’ National Audit (BTS) 112/1162 (5%) developed pain.
Symptomatic hypotension <1%
Hooper 2015’ National Audit (BTS) 7/1162 (0.6%) developed symptomatic hypotension.
Ault 2015° Prospective cohort 6/9320 (0.1%) had a vasovagal reaction.
Organ puncture <1%

Hooper 2015’ National Audit (BTS)

Ault 2015° Prospective cohort

3/1162 (0.3%) had an organ puncture.

1/9320 (0.01%) splenic rupture.

BMI, body mass index; PTX, pneumothorax; RPO, re-expansion pulmonary oedema
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Summary of the rates of different complications related to intercostal

Complication Study type

Study details

Risk of complication Overall risk estimate

per study for consent

Immediate complications
Pain 8%
Hooper 20157 UK National Audit 1394 procedures, 88% 6-16F 8%

(BTS) intercostal drains.
Inappropriate placement 1%

(small-bore drains)
Vilkki 2020° Retrospective cohort 1169 procedures, more than half were 0.43% 6%
small-bore drain insertions. ° .
(large-bore drains)

Hooper 20157 UK National Audit See above 2%

(BTS)
Kong 2014 Retrospective cohort 1050 drain insertions for trauma 6%

patients, 32F or larger.

Maritz 20092 Local audit at a tertiary 273 drain insertions for trauma 6.9%

hospital patients, no information on drain sizes.
Symptomatic hypotension 2%
Hooper 20157 UK National Audit See above 1.9%

(BTS)
latrogenic haemothorax <1%
Jackson 2021 Retrospective cohort 879 small-bore drain insertions. 0.1%
Kong 2014" Retrospective cohort See above 0.2%
Hooper 20157 UK National Audit See above 1.3%

(BTS)
Organ Puncture <1%
Vilkki 2020° Retrospective cohort See above 0%
Jackson 2021 Retrospective cohort See above 0%
Kong 2014™" Retrospective cohort See above 0.4%
Hooper 20157 UK National Audit See above 0.6%

(BTS)

(delayed complications on next page)
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Appendix 2: Summary of the rates of different complications related to intercostal
drains (contd)

Complication Study type Study details Risk of complication Overall risk estimate
per study for consent

Delayed complications
Pain 16%
Hooper 20157 UK National Audit See above 15.6%

(BTS)
Drain blockage 8%
Hooper 20157 UK National Audit See above 8.2%

(BTS)
Drain displacement 5%
Kong 2014™" Retrospective cohort See above 1.3%
Jackson 2021 Retrospective cohort See above 3.9%
Hooper 2015’ UK National Audit See above 9.2%

(BTS)
Surgical emphysema 5%
Hooper 20157 UK National Audit See above 4.2%

(BTS)
Jackson 2021" Retrospective cohort See above 4.6%
Skin infection 1%
Hooper 20157 UK National Audit See above 1%

(BTS)
Re-expansion pulmonary oedema <1%
Jackson 2021" Retrospective cohort See above 0%
Hooper 20157 UK National Audit See above 0.6%

(BTS)
Pleural space infection <1%
Jackson 2021" Retrospective cohort See above 0.4%
Hooper 20157 UK National Audit See above 0.4%

(BTS)
Death <1%
Kong 2014" Retrospective cohort See above 0%
Jackson 2021 Retrospective cohort See above 0%
Hooper 20157 UK National Audit See above 0.1%

(BTS)
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Appendix 3: IPC-related complications, rates of occurrence and management
Complication Outcomes Risk of complication Overall risk estimate
per study for consent
Pain necessitating IPC removal <1%
Asciak 2019™ Severe or persistent pain should raise concern for intercostal 0.4% - 0.5%

Tremblay 2006 nerve irritation, and IPC removal should be considered.

Pain towards the end of the drainage procedure Not quantified in
literature, but
May indicate the presence of underlying non-expandable Fairly common commonly
lung. encountered in

. . . . linical ti
Routine pre-drainage analgesia may help reduce discomfort, clinical practice

or a revised drainage protocol may be required, with less
frequent or smaller volumes of fluid drainage.

IPC-related infection 5%
Asciak 2019 IPC related pleural infections carry a 0.29% mortality rate, Superficial (cellulitis):
1 but the majority (94%) respond to antibiotics treatment. 1.6% - 2.5%
Fysh 2013
Some may require intravenous antibiotics and continuous Pleural infection:

15
Tremblay 2006 IPC drainage (by attaching the IPC to an underwater seal).’ 3.2% - 5%

The majority do not require the IPC to be removed.Z

Non-draining septated IPC-related pleural effusion <15%

Asciak 2019 Treatment with intrapleural fibrinolytics. A small study 4%-14%
showed a single dose of fibrinolytic agent (majority given 4-

10 mg tissue plasminogen activator (TPA)) was associated

with an increased volume of drainage and decreased

symptoms but was also associated with a 3% risk of non-

fatal pleural bleed.®

Thomas 2015

There is a lack of robust data on the right treatment but often
there is a lack of alternatives in patients who are not suitable
candidates for surgery, thus intrapleural fibrinolytics can be
considered in select patients.

IPC blockage 4%

Van Meter 20112 Usually due to fibrinous debris. 4%

A catheter flush with sterile saline often clears any catheter
obstruction, however, fibrinolytic therapy (eg, 4 mg alteplase
in 20 mL sterile saline instilled through the IPC (similar to the
method used for central line unblocking), repeated a second
time if inadequate drainage (<150 mL)), may be considered
for more resistant occlusion, although this carries
considerable cost and re-obstruction may occur.?' 2223

IPC fall out or dislodgement 1%

Tremblay 2006 May require new IPC insertion if ongoing pleural effusion re- 1%
accumulation.
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Appendix 4: LAT troubleshooting guidance

Situation

Potential approach

No fluid / small fluid volume in lateral
decubitus position

It is common for fluid to “fall” away anteriorly and posteriorly with the patient lying on their
side, thus it is advised that patients be scanned in clinic prior to listing for LAT to avoid this
situation. However, if encountered, a per-patient decision needs to be made as to whether
to:

1. Abandon the procedure (perhaps with a view to re-listing after further fluid
accumulation),

2. Attempt an on-table induced pneumothorax (usually with direct US guidance of a
needle into fluid), or

3. Proceed with a ‘dry’ LAT, whereby a careful surgical dissection method is used to
access the pleural space and allow air to entrain.

Recent data suggest 78% of UK LAT sites would induce a pneumothorax for LAT if
needed.?* As above, the procedure can be undertaken whilst on the table (with thoracic US
to check for absence of sliding and seashore sign) or shortly prior to LAT (with a lateral
decubitus CXR to check for sufficient lung collapse).

Inability to aspirate fluid during
anaesthesia or collapse lung
following blunt dissection

This situation is likely to occur when fluid is heavily loculated or septated, perhaps due to
chronicity or infection, and may not be appreciable until pleural access is attempted on
table. As above, a per-patient decision needs to be made to either:

1. Abandon the procedure with a view to considering alternative pleural biopsy techniques
at a later date (eg, VATS or image-guided), or

2. Proceed to on-table US-guided parietal pleural biopsy.

Unable to advance trochar through
rib space

This may occur in patients who have intrinsically narrow rib spaces or in those who have
been positioned on the table in such a way as to promote ‘rib crowding’. For the former, an
alternative rib space/location may be required, although due consideration should be given
to whether the likely risk of pain and/or injury to sub-costal structures may be excessive. In
all cases, it may be possible to widen the chosen rib space by placing a folded pillow or
blanket between the patient and the bed, creating a gentle convex arch in their spine.

Difficulty penetrating pleural layer
(especially with trochar)

It is common for the dissection tract to collapse due to pressure from surrounding tissues,
impeding passage of instruments. This is more likely to occur in larger or obese patients, in
whom there may be a significant distance from the skin to the parietal pleural layer. This
can be accurately measured using US prior to beginning dissection. However, this situation
can usually be overcome by slow, methodical, repeated dissection along the same tract.
However, this may increase the risk of pain, subsequent local surgical emphysema post
procedure, and delayed tract healing.

Unable to visualise ribs on inspection

This is common in patients with significant or chronic pleural inflammation, fibrosis, or
malignant infiltration. Using a rigid instrument (usually a 0-degree scope with closed biopsy
forceps attached), it may be possible to press against the posterior thoracic wall and slide
from side to side, thus allowing the operator to ‘feel’ where the rib spaces are. In rare
circumstances, external transillumination may also be an option.

Unable to visualise posterior thoracic
wall due to adhesions or loculations

In some instances of severe septation, it may be necessary to abandon the LAT * convert
to an on-table US-guided biopsy. However, if free-flowing fluid is present, it is usually
possible to undertake careful, methodical dissection of adhesions and septations to create
a tract to the posterior thoracic wall. This is typically done using a blunt instrument, such as
closed biopsy forceps. Where feasible, electrocautery may also be considered but should
only be used by those with adequate experience and training.

Pain during biopsies

The parietal pleural layer is highly innervated and thus a degree of discomfort during
pleural biopsies is to be expected, with these occasionally being extremely painful. Direct
application of local anaesthesia is usually impractical. If biopsies are limited by pain, then
additional boluses of opiate (eg, fentanyl 25 ug) should be considered. Accordingly, care
should be taken to ensure sufficient intravenous analgesia is available and that it can be
administered by a non-sterile member of the team during LAT.

(continued on next page)
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Appendix 4: LAT troubleshooting guidance (¢ontd)

Situation

Potential approach

Vasovagal syncope during talc
poudrage

This complication can arise due to severe pain, acute local inflammatory effects of talc or,
with some aerosol talc preparations, cold gas hitting the pleural surface. Treatment is
supportive and, although symptoms are usually transient, they may be extreme enough to
require early termination of LAT to allow rapid drain insertion and for the patient to be
nursed on their back. Occasionally, bolus intravenous fluids are required.

Suspected intercostal artery
damage

This usually occurs because of biopsies and should prompt planned diagnostic and
therapeutic treatments to be immediately abandoned in favour of emergency procedures.
Intercostal artery laceration is usually visually distinct from the expected post-biopsy pleural
ooze, which is typically self-limiting. As above, it is strongly endorsed that all LAT centres
adopt a site-specific standardised protocol for management of this scenario and that this be
prepared in line with local major haemorrhage pathways. Intercostal artery bleeds may also
present post-LAT if laceration occurred during initial dissection but was concealed by the
trochar causing tamponade during the procedure.

As well as abandoning diagnostic procedures, actions should include:
a) Application of external pressure over the suspected bleeding site.
b) Insertion of at least two large-bore venous cannulas.

c) Urgent venous sampling for full blood count, renal function, clotting screen, group and
screen, and crossmatch (4 units). Venous blood gas analysis should also be performed
to obtain immediate values for haemoglobin and lactate.

d) Intravenous fluid resuscitation.

e) Frequent, regular measurement of observations (pulse, blood pressure, respiratory
rate, peripheral saturations)

f) Insertion of large bore chest tube via LAT tract.

g) Portable chest x-ray and arranging contrast-enhanced CT thorax to identify bleeding
vessel.

h) As per local policy, contacting either thoracic surgical colleagues or interventional
radiology colleagues.

i) Moving the patient to a high-care area with continuous monitoring.

Complications during post
procedure lung expansion

Rapid lung expansion following insertion of the chest drain post LAT can lead to severe
pain, coughing, and/or vasovagal syncope. Although such symptoms usually settle rapidly
once complete expansion is achieved, they may require the chest tube to be opened to
atmosphere to allow the lung to partially collapse once more, particularly if the patient has
a degree of non-expandable lung. It is strongly advised that the chest drain be sutured and
secured prior to connecting to the drainage circuit, to avoid symptoms while interventions
are still taking place.

CXR, chest X-ray; LAT, local anaesthetic thoracoscopy; US, ultrasound; VATS, video-assisted thoracic surgery
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