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Ultrasound-guided pleurodesis with doxycycline in patients

with hepatic hydrothorax

Ahmed M. Abd El| Hafeez?, Waleed F. Fathallah®

Background Pleural effusion is a relatively uncommon
complication of end-stage liver disease, which occurs in
less than 10% of the patients. Patients with refractory
hydrothorax require more invasive management with
options such as repeated thoracentesis in selected
patients, which usually carries risk for pneumothorax and
contamination. Many studies have shown that doxycycline
pleurodesis is an effective and safe method for achieving
apposition of the pleural surfaces.

Patients and methods This prospective study included
60 patients with hepatic hydrothorax. All patients were
subjected to repeated thoracentesis (two to four times)
followed by the placement of a 16-G cannula under
ultrasound guidance for proper drainage of any detected
remnants of pleural fluid collections. In total, 10 ml of
lidocaine 2% were injected in the pleural space followed by
1000 mg of doxycycline diluted in 100 ml saline solution.
Pleurodesis session was repeated after 1 week if any
radiological evidence for reaccumulation was noticed.

Results The sclerotherapy procedure was successful in
46 out of 60 cases (76.7%); the success rate was 72.2% in

Introduction

Pleural effusion is a relatively uncommon complication
of end-stage liver disease, which occurs in less than
10% of the patients, typically located on the right side
in ~70-80% of the cases. Although right-sided pleural
effusion can develop in the absence of significant
ascites, coexisting ascites is normally present. The
negative intrathoracic pressure draws ascitic fluid into
the pleural space through the multiple natural defects
in the diaphragm, like the ‘pores of Kohn’[1].

'The underlying mechanisms for hepatic hydrothorax
are similar to those leading to fluid accumulation and
ascites in portal hypertension. Portal hypertension
and splanchnic vasodilation plays an important role
in the formation of ascites. Several mechanisms
have been postulated for the development of hepatic
hydrothorax in patients with liver cirrhosis. These
include the transfer of the peritoneal fluid into
the pleural space through diaphragmatic defects,
hypoalbuminaemia resulting in decreased colloid
osmotic pressure and lymphatic leakage from
the thoracic duct [2]. The direct passage of fluid
from the peritoneal to the pleural cavity through
diaphragmatic defects has been proposed as the most
accepted mechanism explaining most cases of hepatic

hydrothorax [3,4].
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massive effusion and reached 83.3% in moderate effusion. A
total of 26 patients (43.3%) had to repeat the procedure for a
second time, 14 of which (23.3%) failed despite the second
trial and 12 cases (20%) showed no fluid reaccumulation.

Conclusion Ultrasound-guided doxycycline sclerotherapy
is an effective approach for a successful pleurodesis in
hepatic hydrothorax (overall rate of 76.7%). The procedure
is safe and precludes the need for intercostal tube insertion
and thus offering less discomfort for patients. Egypt J
Broncho 2016 10:20-25
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'The composition of hepatic hydrothorax is transudative
in nature and therefore similar to the ascitic fluid;
it also has a serum to pleural fluid albumin gradient
greater than 1.1, as is found in ascites secondary to
portal hypertension. Other tests from the pleural fluid
that would be appropriate depending on the clinical
circumstances include triglycerides, pH, adenosine
deaminase and PCR for mycobacteria, amylase
and cytology, to exclude chylothorax, empyema,
tuberculosis, pancreatitis, and malignancy, respectively.
These additional tests should be considered when the
fluid is an exudate or when the pleural eftusion is left-

sided [5].

The management of hepatic hydrothorax is difficult.
Medical include sodium restriction
with a combination of diuretics (furosemide and
spironolactone), which increases in stepwise fashion
according to response [6]. Some studies advocated the
use of combination of midodrine and octreotide in the
treatment of hepatic hydrothorax [7].

measures
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Patients with refractory hydrothorax require more
invasive management with options such as repeated
thoracentesisinselected patients,whichusuallycarriesrisk
for pneumothorax and contamination [8]. Transjugular
intrahepatic portosystemic shunt is another option
together with pleurodesis and repair of defects in the
diaphragm. However, the majority of these patients
with hepatic hydrothorax have advanced liver disease
and may be potential candidates for orthotopic liver
transplantation [9].

Pleurodesis is a procedure in which the space between
the visceral and parietal pleura is obliterated with
the use of an agent that acts as an irritant to cause
inflammation on the pleural surfaces. The irritant is
usually administered through a chest tube or during
thoracoscopy (medical or VATS) [10]. On the other
hand, the technique can sometimes be challenging for
achieving pleurodesis in hepatic hydrothorax because
of the rapid fluid accumulation [11].

To date, a large number of chemicals have been
considered to induce pleurodesis in malignant or
nonmalignant effusions. Although talc, tetracycline
derivatives, OK-432, bleomycin or povidone-iodine
are the most commonly used agents for liver-related
pleurodesis, availability, side eftects and variable results
are still major concerns [12].

In the literature, many factors have been reported
to influence the results of pleurodesis, such as re-
expansion of the compressed lung, the characteristics
of the pleural effusion (pH, glucose, LDH), the
amount of fluid drainage per day and the types of
sclerosing agents [13]. Many studies showed that
doxycycline pleurodesis is an effective and safe method
for achieving apposition of the pleural surfaces [14].

Recently, image-guided percutaneous small-bore
catheter drainage of accumulated fluid has been proved
to be useful and successful [15].

Aim of the study

'The aim of the present study was to detect the efficacy
of ultrasound-guided pleurodesis using doxycycline as
a sclerosing agent.

Patients and methods

This prospective study included 60 patients with
clinical, laboratory and radiological evidence of liver
cirrhosis complicated by hepatic hydrothorax, and who
were admitted to Chest and Tropical Departments of
the Cairo University Hospital during the period from
March 2010 to November 2014.

All patients were kept on close medical management
in the form of intravenous albumin, sodium and fluid
restriction, and proper diuretic therapy. Exclusion
criteria included hepatic encephalopathy, massive
ascites or evidence of portal vein thrombosis.

The study included 44 men (73.3%) and 16 women
patients (26.7%) with an age range between 41 and
65 years. All patients were subjected to repeated
thoracentesis two to four times according to the size
and rate of reaccumulation of the effusion, provided that
the maximum amount of drained fluid per session did
not exceed 2000 ml. Serial thoracentesis sessions were
separated by at least 1 day in-between. Adequate fluid
evacuation and lung re-expansion were radiologically
and ultrasonically confirmed.

After attaining the best lung expansion, the placement
of a 16-G cannula for proper drainage of any detected
remnants of pleural fluid collections was carried out
under ultrasound guidance. Proper evacuation was
attempted with a maximum amount of 100 ml allowed
to stay in the pleural space. Ten milliliters of lidocaine
2% were injected in the pleural space, followed by
injecting 1000 mg doxycycline in 100 ml of isotonic
sodium chloride under sterile conditions. Patients
were then asked to change their body position every
15 min for 2 h after the procedure to allow for proper
distribution of doxycycline.

Chest radiographs were obtained 2 h after the
procedure, every other day for 1 week and then once
weekly for 3 months.

Medical treatment was continued with special regard
to albumin compensation, salt restriction and diuretic

therapy during the follow-up period.

If any radiological evidence for reaccumulation was
noticed, another pleurodesis session with the same
steps was attempted after 1 week with continued
medical treatment.

The response of pleurodesis was defined on the basis
of chest radiograph findings at 3-month follow-up as
follows:

(1) Successful — that is, no reaccumulation of pleural
effusion.

(2) Failure — that is, any fluid reaccumulation after
two trial sessions for pleurodesis.

Statistical analysis

(1) All data were collected, summarized, presented
and analyzed by using an appropriate statistical
package program (SPSS version, 10).

(2) Quantitative data were summarized as mean and SD.
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(3) Qualitative data were summarized as number and
percentage.

(4) Test of significance used for quantitative data for
two groups was the 7#test.

Level of significance

P> 0.05: NS (nonsignificant).

P < 0.05: S (significant).

P < 0.01: HS (highly significant) [16].

Results

In our study, 44 men (73.3%) and 16 women (26.7%)
were included with an age range between 41 and 65
years with a mean of 54.2 years.

Cases were classified according to the amount of
pleural fluid into following:

(1) Massive effusion — that is, pleural fluid reaching
above second intercostal space anteriorly (V= 36,
i.e. 60%).

(2) Moderate effusion — that is, pleural fluid reaching
between second and fourth intercostals spaces
anteriorly (n = 24, i.e. 40%).

Cases with minimal pleural effusion were not included
in this study.

Table 1 illustrates the relation between the amount
of effusion with the rate of success of the procedure,
complications and the need to repeat the pleurodesis session.

The sclerotherapy procedure was successful in 46 out of
60 cases (76.7%); the success rate was 72.2% in massive
effusion and reached 83.3% in moderate effusion with no
significant difference between the two groups (P > 0.05).

A total of 26 patients (43.3%) had to repeat the
procedure for a second time, 14 of which (23.3%) failed
despite the second trial, and 12 cases (20%) showed no
fluid reaccumulation.

Out of the 14 patients with unsuccessful pleurodesis,
eight cases presented with mild to moderate encysted
pleural effusion below the initial presentation and did
not require thoracentesis for respiratory distress. In the
other six cases, fluid reaccumulation reached the level
of initial presentation and required thoracentesis for
respiratory distress.

Mean presclerotherapy serum albumin level (1 day
before pleurodesis) was 3.02 + 0.271 g/dl in cases with
successful pleurodesis, with no significant difterence
(P > 0.05) from cases with failed pleurodesis who
had mean presclerotherapy serum albumin level of

2.85 + 0.286 g/dl (Fig. 1).

No morbidity-related or mortality-related events were
recorded in any of our cases with sonographic-guided
doxycycline pleurodesis.

Discussion

Traditional treatmentof hepatichydrothoraxinapatient
who fails to respond to aggressive medical management
of ascites remains problematic and controversial.
Review of the literature has revealed that no method is
ideal at present. Although thoracocentesis is the most
effective method for rapid relief of dyspnea secondary
to massive pleural effusion associated with hepatic
hydrothorax, it carries the risk of substantial protein
depletion without preventing fluid reaccumulation,
especially if repeated thoracocentesis is required [17].

Placement of a chest tube wusually results in
uncontrollable fluid loss and has a high mortality
rate [18]. Although some pulmonologists still advocate
this, even in their experienced hands mortality is high
and the chest tube cannot be removed in a considerable
number of patients [19]. Runyon and colleagues
reported two deaths resulting from associated
massive protein and electrolyte depletion. In addition,

Fig. 1
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Table 1 Yield of doxycycline pleurodesis in moderate and massive effusions

Massive effusion
(36 patients) [n (%)]

Moderate effusion Total cases

(24 patients) [n (%)] (60 patients) [n (%)]

Repeated pleurodesis sessions 17/36 (47.2)
Complications Nil
Success rate 26/36 (72.2)

9/24 (37.5) 26/60 (43.3)
Nil Nil
20/24 (83.3) 46/60 (76.7)
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prolonged drainage through the chest tube may cause
renal failure, impaired immunological functions and
iatrogenic infection as common sequelae [20].

Pleurodesis following pleural aspiration decreases the
chance of pleural eftusion recurrence, and has been a
widely used, long-standing method of controlling
recurrent pleural effusions [21].In traditional pleurodesis
using a large-bore chest tube or small-bore catheter
thoracostomy, sclerotherapy is usually performed when
the pleural fluid is adequately drained, the compressed
lung is in full re-expansion and the daily volume of fluid

drainage is below 100-150 ml [22].

Many studies showed that doxycycline pleurodesis is
an effective and safe method for achieving apposition
of the pleural surfaces [14]. In this study, ultrasound-
guided pleurodesis was attempted on 60 patients.
Doxycycline was the sclerosing agent in all cases.

Complete control of the effusion was achieved in 46
cases (76.7%). Fluid reaccumulation occurred in 14
patients (23.3%); the success rate was 72.2% in massive
effusion and reached 83.3% in moderate effusion with
no significant difference between the two groups
(P> 0.05). A total of 26 patients (43.3%) had to repeat
the procedure for a second time, 14 of which (23.3%)
failed despite the second trial and 12 cases (20%)
showed no fluid reaccumulation (Table 1 and Fig. 2).

Aydogmos and colleagues (2009) observed that
pleurodesis success was significantly decreased if time
between the first diagnosis of effusion and onset of
chest tube drainage was longer than 30 days. This may
be explained by the progression of pleural disease or
fibrosis of the visceral pleura. Similarly, success rate
was lower if the time between chest tube drainage
and pleurodesis was longer than 5 days, although not
statistically significant [23]. In our study, a success rate

Fig. 2

80.00% 1
70.00% -
60.00% 1
50.00% 1
40.00% -
30.00% 1
20.00% -
10.00% A

0.00% -

W No Reaccumulation

@ Reaccumulation

Moderate
effusion

Massive
effusion

Success rate for pleurodesis.

of 83.3% was achieved in moderate effusions, whereas a
success rate of 72.2% was observed in massive effusions.
The success rate was nonsignificantly affected by the
initial effusion size (P > 0.05).

Tetracycline was, until 1998, the most popular and
widely used sclerosing agent through an intercostal tube
in the UK when its production was discontinued by the
manufacturer following its discontinuation in the USA
in 1992 [24]. Tetracycline may still be imported from
Europe (Germany) at present, but this supply may also
cease in the near future. Tetracycline has a modest efficacy
(average success rate: 65%), an excellent safety profile and
it is relatively inexpensive. It is well tolerated and its side
effects are infrequent, mild and transient [13].

Doxycycline has been proposed as an alternative
to tetracycline with a similar success rate ranging
from 25 to 100% [25]. Doxycyline was used instead
of tetracycline in our study to avoid its hepatorenal
toxicity [26]. The major disadvantage to the use of
doxycycline is the need for repeated instillations to
obtain a satisfactory response. The associated prolonged
intercostal tube indwelling time potentially increases
patient discomfort, the risk of infection and overall
treatment cost [27].

Data are limited regarding the appropriate dosage
and regimen of doxycycline. Comparative trials with
alternative agents are lacking; the majority of the data
are retrospective in nature and involve small numbers
of patients [28]. In the published literature, the dose of
doxycycline varied from 500 to 1000 mg per instillation;
in some cases single doses were used, while in others
instillations were repeated if pleural fluid drainage
remained excessive. The dose was diluted in 25-100 ml
of normal saline [29]. Doxycycline was effective in
achieving pleurodesis in patients with pleural effusions
and was well-tolerated, with mild adverse effects of
transient fever and pleural pain with instillation [30].

Talc has been proven to be one of the most effective
sclerosing agents for treating malignant pleural
effusion [22]. Success rate varies between 88 and
100% [31]. Talc poudrage or slurry is usually well
tolerated, and pleuritic chest pain and mild fever are
the most common side effects observed. A serious
complication associated with the use of talc is acute
respiratory distress syndrome or acute pneumonitis [ 32].
The mechanism of acute talc pneumonitis is unclear.
The dose of talc and the physical characteristics (size
and type) appear to be the most important determinants
for the development of this complication [28].

Inastudy by Milanez de Campos and colleagues (2000),

aerosolized talc was effective in preventing recurrence
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of the effusion in only 10 patients (47.6%). Eftusions
recurred within 3 months in 43.7% of patients; in
addition, there were several complications recorded,
including fever, chest pain, empyema, incomplete
re-expansion, pneumonia and wound infection [17].

Lee and colleagues (2011) performed chemical
pleurodesis using talc and viscum album through
intercostal tube insertion in 11 patients with hepatic
hydrothorax. The initial success of treatment was
achieved in eight out of 11 patients (72.7%), mild
complications such as fever/leucocytosis occurred in
all enrolled patients and a significant proportion of
patients experienced more severe complications such as
pneumonia (9.1%), pneumothorax (36.4%), azotaecmia/
acute renal failure (54.6%) and hepatic encephalopathy
(36.4%). Five patients (45.5%) were suspected to have
procedure-related mortality due to the occurrence of
these devastating complications [33].

Bleomycin is the most widely used antineoplastic
agent for sclerotherapy. Its mechanism of action is
predominantly as a chemical sclerosing agent similar
to tetracycline and sterile talc. It is an effective
sclerosant with an average success rate of 60% and has
an acceptable side effect profile. However, its major
limitation is the cost per treatment [13].

'The efficacy of pleurodesis withiodopovidone was 91.6%
in a study conducted by Morales-Gomez e7 a/.[34],and
64.2% in a study conducted by Kelly-Garcia ez al. [35].
'This is comparable to our results with doxycycline as a
sclerosing agent (success rate: 76.7%), but in both the
above studies, pleurodesis was performed through tube
thoracostomy, which is contrary to our work where
ultrasound-guided pleurodesis was attempted without
resorting to intercostal tube insertion.

Olivares-Torres  and  colleagues  administered
iodopovidone either through a chest tube or at the time of
thoracotomy in 52 patients. Three patients experienced
intense pleuritic pain and systemic hypertension after
installation of the sclerosing agent, but they recovered
without incident [36]. The argument about the use of
iodopovidone because of these two complications was
explained by the fact that the use of any effective pleural
irritant, including talc and iodopovidone, can and will
produce intense pleuritic pain and a vasovagal reaction
if analgesia and anaesthesia are inadequate, and hence

pain control should be individualized [37].

In our study, doxycycline proved to be an extremely
effective and safe agent for pleurodesis. No
complications were noted in any of our cases with
sonographic-guided doxycycline pleurodesis. The
efficacy of doxycycline is comparable to that of talc,

but there is no fear of severe complications, such as
acute respiratory distress syndrome, which occurs
especially if the talc used has a smaller particle size
(<15 um). Moreover, pleurodesis with doxycycline can
be performed under local anaesthesia with excellent

tolerance and acceptability [38].

Conclusion

According to our study, ultrasound-guided doxycycline
sclerotherapy is an effective approach for a successful
pleurodesis in hepatic hydrothorax. The procedure
offers high success rate (overall rate of 76.7%), better
patient compliance, least complications and precludes
the need for intercostal tube insertion, thus offering
less discomfort for patients.
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