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Abstract: Different pericardial catheters have been suggested as an effective alternative method 

for drainage of pericardial effusion. The aim of this study was to determine the performance, pain, 

and quality of life on use of central venous catheter (CVC) for drainage of pericardial effusion in 

patients undergoing open heart surgery. Fifty-five patients who had developed pericardial effu-

sion after an open heart surgery (2012–2015) were prospectively assessed. Triple-lumen central 

catheters were inserted under echocardiographic guidance. Clinical, procedural, complication, 

and outcome details were analyzed. Intensity of pain and quality of life of patients were assessed 

using the numerical rating scale and Short-Form Health Survey. CVC was inserted for 36 males 

and 19 females, all of whom had a mean age of 58.5±15 years, and the mean duration of the 

open heart surgery was 8±3.5 hours. The mean central venous pressure catheter life span was 

14.6 days. No cases of recurrent effusion and complication were reported. The technical success 

rate of procedure was 100%. Intensity of pain and quality of life of patients had improved during 

follow-up. CVC insertion is a safe and effective technique for the management of pericardial 

effusion in patients after open heart surgery.
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Introduction
Pericardial effusion is a common finding after an open heart surgery and is an early 

complication that occurs after bleeding and the accumulation of blood in the pericar-

dial cavity.1–4 The effective control of pericardial effusion depends on the presence or 

likelihood of cardiac tamponade, causing compromised hemodynamic symptoms and 

changes.5 Patients without cardiac tamponade experience fever, chest pain, and peri-

cardial friction rub as well as mild effusion (<10 mm) and moderate effusion (10–20 

mm) in some cases.4,6 These patients are often treated with anti-inflammatory drugs 

such as aspirin or other nonsteroidal anti-inflammatory drugs alongside colchicine.7 

Emergency treatment is required in the case of severe pericardial effusion (>20 mm) 

presenting with cardiac tamponade.4 Pericardiocentesis is the first-line treatment for 

this condition as it is the least damaging and least invasive option.8 Simple pericardio-

centesis is the chosen method of therapy when the recurrence of effusion is absolutely 

unlikely; however, since 40%–50% of patients have recurrent effusion, the pericardial 

window technique is used to drain the effusion.9,10 The pericardial window technique 
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consists of an open thoracotomy or a video-assisted tho-

racic surgery and requires a chest tube to be inserted and an 

incision to be made in the pericardium through one of two 

methods: subxiphoid pericardial window or transdiaphrag-

matic pericardial window.11 This technique is used nowadays 

for detecting damage to the heart after a trauma and is only 

recommended in the case of pericardial thrombus as it is an 

invasive technique with the risk of secondary infection that 

also requires continuous monitoring.12

Echocardiographic guidance for the insertion of a pericar-

dial catheter is an alternative method of effusion drainage.13 

Different pericardial catheters have been made and used so 

far for ensuring that patients experience the least amount 

of pain and limitations without having the efficiency of the 

technique compromised. Palacios et al14 first used balloon 

pericardiotomy as an alternative to surgery for draining peri-

cardial effusion via the subxiphoid approach, in which other 

researchers then examined and confirmed its use along with 

the use of double-balloon pericardiotomy.15,14 The technique 

is especially helpful for patients with malignancies and drains 

up to 97% of the accumulated fluid, prevents the recurrence 

of effusion in >80% of the cases, and leads to complications 

in only 4.7%; however, it is often a painful procedure due 

to the release of pericardial tension and therefore requires 

analgesics.2,16,17 Other complications reported include fever, 

pneumothorax, a necessary chest tube insertion (in 20% of 

the cases), and pericardial bleeding.2,16,17

Given the special use of balloon pericardiotomy in 

patients with cancer, the complications it entails, and its 

unsupported use in the drainage of pericardial effusion after 

an open heart surgery, the present study examines the per-

formance, pain, and quality of life in drainage of pericardial 

effusion through the insertion of central venous catheter 

(CVC) in the pericardial cavity under echocardiographic 

guidance via a subxiphoid approach.

Materials and methods
Patients
In this prospective study, we selected 55 patients who had 

developed pericardial effusion after an open heart surgery 

between May 2012 and September 2015. All the patients 

underwent an open heart surgery in the Department of Car-

diothoracic Surgery of Kowsar Hospital in Semnan, Iran. 

The total number of patients who underwent cardiac surgery 

in this hospital during the same time period was 613 cases, 

and there was no postoperative mortality due to untreated 

cardiac tamponade due to pericardial effusion. The patients’ 

postsurgical pericardial effusion was symptomatic and was 

diagnosed using chest X-ray (CXR) and lung CT scan; more-

over, the patients did not respond to regular treatments and 

were therefore candidates for surgical drainage. The patients 

whose clinical status was such that they could not respond 

to the questions were excluded from the study. Given that 

the patients had an acute condition, no international normal-

ized ratio and platelet count limitations were set for them. 

Ethical approval was obtained for this study from the Ethics 

Commitee of the Semnan University of Medical Sciences. 

All the participants submitted written informed consent for 

this study, based on the Declaration of Helsinki.

Central venous catheter
Triple-lumen central catheters, a type of nontunneled central 

catheter, were used. These types of catheter are very common 

for enabling a temporary access to the central circulation 

and have different lengths, from 15 to 30 cm, and are made 

of different materials, such as polyurethane, silicone, and so 

on. A 7.5–8.5 French triple-lumen catheter (Multi-Lumen 

Indwelling Catheter: 7.5–8.5 Fr ×20 cm, AK-45703-BX, 

Radiopaque Polyurethane with Blue FlexTip®; Arrow Medi-

cal, Cleveland, OH, USA) was used in this study.

Procedure
The patients were first briefed on the surgical procedure 

about to be performed on them and were then transferred to 

the operating theater for pericardial effusion drainage. Pre-

cautionary measures for prevention of infection were carried 

out just as in any other surgical procedure. The patients were 

placed in the supine position with their hands at their sides. 

The skin and the subcutaneous tissue of the left xiphocostal 

area were then anesthetized with 2% lidocaine. To prevent 

trauma and damage to the heart and to ensure the maximum 

amount of aspirated fluid in patients with pericardial effu-

sion, under transthoracic echocardiographic guidance (using 

a probe) a 12-gauge needle was inserted first; a guidewire was 

then passed through the needle, and the needle was finally 

removed. A dilator was inserted over the guidewire, and a 

central venous pressure catheter (12–14 Fr) using a three- or 

four-way valve was then inserted into the pericardial cavity 

after the dilator was removed. The catheter was then fixed 

to the skin and its end connected to a sterile bag using a 2 cc 

piston syringe (Figure 1). A 4-0 silk suture was then used to 

secure the catheter to the skin, and a sterile transparent dress-

ing was applied every 12 hours to prevent infections. Patients 

were also trained on its proper care as well as on measuring 

the effusion on a daily basis. They were instructed to drain 

the effusion to prevent pericardial adhesion and fluid accu-

mulation in excess of 30 mL per day. The catheter remained 

in place for as long as the effusion drainage exceeded 25 mL 
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per day. Outpatients who had no hemodynamic problems were 

discharged 12 hours after catheter insertion on the doctor’s 

recommendation. They were asked to visit the hospital for 

catheter removal if their daily drainage reached <25 mL. In 

the case of hospitalized patients, drainage control was per-

formed by the researcher. Before removing the catheter at the 

doctor’s discretion, weekly echocardiography and CXR were 

performed to ensure the complete drainage of the effusion 

and proper catheter insertion. All the necessary training was 

provided to the patients and daily telephone follow-ups were 

carried out with the patients.

Data collection
Before performing the surgical procedure, the patients’ 

demographic data, including age, gender, and the time of open 

heart surgery, were collected through their medical records 

and from the patients themselves or their relatives. After the 

surgery, the amount of daily drainage of pericardial fluid, 

the duration of catheter insertion, infection, complications, 

the amount of pain 6 and 12 hours after catheter insertion, 

and quality of life were measured every week after catheter 

insertion and before its removal.

The intensity of pain was assessed using a numerical 

rating scale from 0 to 10. Each patient rated their pain as 

either zero (indicating no pain), 2–4 (indicating mild pain), 

4–6 (indicating moderate pain), or 7–10 (indicating severe 

pain). The patients were also evaluated for the amount of 

analgesics taken during their hospital stay (as per the medi-

cal records) or at home (through asking the patient in each 

hospital visit). The patients’ quality of life was assessed 

using the 36-item Short-Form Health Survey (SF-36). This 

36-item questionnaire evaluates the quality of life in eight 

dimensions, including general health perceptions (six items), 

physical functioning (ten items), physical role functioning 

(four items), emotional role functioning (two items), social 

role functioning (two items), vitality (four items), bodily pain 

(two items), and mental health (five items). Several studies 

have confirmed the validity and reliability of this question-

naire. The scores obtained in each dimension range from 0 

(the worst) to 100 (the best). The present study also examined 

the validity of this questionnaire using similar studies and 

expert views and confirmed its reliability with a Cronbach’s 

α of 0.78 on a sample of 20 patients.

Statistical analysis
Data obtained were analyzed using SPSS version 22 software 

(IBM Corporation, Armonk, NY, USA). The paired t-test 

and analysis of variance were used to compare the normally 

distributed data, whereas the Wilcoxon’s paired test and the 

Kruskal–Wallis test were used to compare the nonnormally 

distributed data. The level of statistical significance was set 

at P-value <0.05.

Results
The study was conducted on 55 patients, 36 males (65%) 

and 19 females (35%). The mean age of the patients was 

58.5±15 years. The time from surgery to presentation with 

the pericardial effusion was 7.4 days, and the mean duration 

of the open heart surgery was 8±3.5 hours. In all patients, the 

type of open heart surgery performed was coronary artery 

bypass grafting (CABG) only. An echocardiography and a 

CXR showed that the CVC insertion was successful in all 

the cases, and no instances of catheter displacement in the 

pericardial cavity or catheter migration were reported, mak-

ing catheter replacement or the surgical insertion of chest 

tube unnecessary. A minimum drainage of 30 mL per day 

was observed in all the cases, which was taken as a criterion 

for proper catheter functioning. The minimum drainage 

measured was 95 mL per day and the maximum 335 mL per 

day. The mean central venous pressure catheter life span was 

14.6 days, ranging from a minimum of 7 days and a maximum 

of 21 days. The catheter was removed after 7–12 days in 18 

patients (32.7%), after 13–18 days in 30 patients (54.5%), 

and after 19–21 days in seven patients (12.8%). No cases 

of recurrent effusion were reported as the catheter was not 

removed for as long as the drainage was >25 mL.

No complications or infections were reported after the 

catheter was inserted and during its life span. The intensity of 

pain was moderate in the first 6 hours after catheter insertion 

Figure 1 Central venous catheter insertion for pericardial effusion drainage via a 
subxiphoid approach.
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in 65% of the patients and mild in the 12 hours after catheter 

insertion in 80%.

The statistical analysis showed that the number of patients 

who experienced moderate pain 12 hours after catheter inser-

tion was significantly lower than the number of patients who 

experienced this intensity of pain in the first 6 hours after the 

insertion procedure (P<0.05), as the number of patients who 

experienced only mild pain increased by the hour.

Only eight patients requested to be given pain killers 

during the first 12 hours after their catheter insertion; two 

of them were administered 5 mg morphine and the other six 

were given acetaminophen and diclofenac suppository. In 

addition, 17 patients (31%) reported that they had taken oral 

analgesics including acetaminophen codeine, ibuprofen, and 

acetaminophen and diclofenac suppository at home. Table 1 

presents the intensity of pain in the patients 6 and 12 hours 

after catheter insertion.

The SF-36 showed that the patients had a good quality 

of life. The analysis of variance showed that time makes a 

significant difference in the amount of pain experienced 

(P>0.05; Table 2).

Discussion
The present report is the first study on the use of CVC for 

the drainage of pericardial effusion. The risk of pericardial 

effusion recurrence following pericardiocentesis is reported 

to reach 90% and is known to increase mortality and mor-

bidity rates, and it also incurs considerable financial costs.18 

Considering the invasive nature of the pericardial window 

technique and the risk of infection associated with it, cath-

eter insertion in the pericardial cavity is recommended to 

take place under echocardiographic guidance. The insertion 

of CVC in the pericardial cavity for pericardial effusion 

drainage proved successful in the present study, caused no 

complications or infections, and resulted in a minimum 

drainage of 30 mL per day; these advantages indicate the 

effectiveness of the technique. The life span of a catheter 

depends on the patients’ hemodynamic status and logi-

cal considerations, and its effectiveness was maintained 

for 3 weeks in 15 patients. In addition to maintaining its 

original effectiveness and lacking complications, the qual-

ity of life and insertion pain with which it is associated 

were acceptable, as the patients felt a gradual reduction in 

pain and adapted better to living with catheter with time. 

The advantages of using CVC should be compared with 

the advantages of using pericardial window and balloon 

pericardiotomy.

Pericardial window has a high rate of success and a 

low risk of recurrence and is therefore the recommended 

approach for pericardial effusion drainage. In this technique, 

a 26–28 F chest tube is inserted through pericardiotomy using 

a separate stab wound in the upper left abdomen, and post-

operative suction drainage is thus performed. This method is 

more invasive than the CVC insertion technique and entails 

a greater risk of wounds. Moreover, since it requires cuts 

and incisions, and therefore the opening of the incisions, 

it is associated with a greater risk of infection and general 

anesthesia complications. The chest tube technique can also 

create limitations for the patient. The hospital mortality rate 

is reported as 10.7%, a 5-year survival rate is 51%, and the 

morbidity rate is 67% in patients undergoing pericardial 

window for the drainage of pericardial effusion.19,20 No 

mortalities or complications such as pneumothorax and 

infections were observed in this study. CVC insertion was 

performed in this study under echocardiographic guidance 

and without general anesthesia, therefore not necessitating 

the chest to be cut open.

Echocardiography-guided pericardiocentesis is a safe 

technique that enables different approaches to the drainage of 

effusion in addition to the subxiphoid approach.21 Moreover, 

Table 1 The intensity of pain according to the NRS using the 
number of patients

Pain Duration of time since catheter 
insertion

P-value

6 hours, n=55 12 hours, n=55

No pain 0 (0%) 0 (0%) 1
Mild 17 (31%) 44 (80%) 0.000
Moderate 36 (65%) 10 (18%) 0.004
Severe 2 (4%) 1 (2%) 0.4

Abbreviation: NRS, numerical rating scale.

Table 2 Patients’ quality of life when living with a catheter

Dimensions Duration of time since catheter 
insertion

P-value

Week 1, 
n=55

Week 2, 
n=45

Week 3, 
n=15

Mean ± SD Mean ± SD Mean ± SD

General health 
perception

87.8±19 88.1±11 87.6±13 0.81

Physical 
functioning

75.8±18 79.2±16 79.8±17 0.79

Physical role 
functioning

81±13 82.6±21 80.1±19 0.68

Emotional role 
functioning

76.2±19 78.3±17 79.5±13 0.65

Social role 
functioning

82±17 79.9±18 80±22 0.71

Vitality 75±12 76.9±15 80.2±23 0.43
Bodily pain 76.2±17 78.1±21 80.9 ±19 0.64
Mental health 80.1±18 79.7±13 80.3±15 0.8

Abbreviation: SD, standard deviation.
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the incision made through performing this technique is 

smaller compared to the incision made for pericardial win-

dow, which may explain the zero rates of mortality, morbidity, 

infection, and complications. Recent studies recommend the 

pericardial window for a quick diagnosis of cardiac injury, 

as several researchers have presented their own account of 

performing the pericardial window technique for diagnosing 

cardiac injury in patients with stable conditions.22–24 Accord-

ing to the majority of these studies, pericardial window is a 

standard technique, as it helps to detect or rule out cardiac 

injuries and is associated with the lowest morbidity rates, even 

if the gastrointestinal tract has been identified as a source of 

contamination.22

The percutaneous balloon technique has recently become 

more common for the drainage of fluids. This technique can 

be performed in various ways, but is not offered in most 

health care centers. Balloon pericardiotomy is apparently 

very helpful for patients who have malignant effusions and 

who are exposed to a great risk of recurrence – such patients 

require a definitive approach that can be carried out without 

surgery.25,26

In a retrospective study, Mangi et al27 used a pigtail-

shaped drainage catheter for pericardiocentesis >7 days 

after cardiac surgery through a subxiphoid approach under 

electrocardiographic and fluoroscopic guidance. The success 

rate of drainage was 97%, and only one patient required 

pericardial window. Also, they showed that pericardiocentesis 

with catheter placement for patients with valve operation 

is highly effective, and they can be reanticoagulated after 

pericardiocentesis.27

Swanson et al16 employed the percutaneous balloon 

technique for primary malignant pericardial effusion and 

reported the procedure to have been successful in 96% of 

the patients; however, balloon pericardiotomy was associated 

with complications such as procedure-related pain in 7.4% 

of the patients. Wang et al17 examined the use of immediate 

and elective double-balloon pericardiotomy in patients with 

a large amount of malignancy-related pericardial effusion. 

The pigtail catheter was removed 2.9±0.8 days after the 

procedure in immediate double-balloon pericardiotomy and 

4.0±3.5 days after in delayed double-balloon pericardiotomy. 

The drainage was successful in 92% of the patients undergo-

ing immediate double-balloon pericardiotomy and 87% of 

those undergoing delayed double-balloon pericardiotomy. 

Pneumothorax was reported in 6% of the entire sample 

of patients and in 33% of the immediate and 26% of the 

delayed double-balloon pericardiotomy patients experienced 

fever.17 Wang et al17 considered successful drainage as one 

that posed no risks of pericardial effusion recurrence; in the 

present study, however, a successful drainage was defined 

by draining a minimum amount of 30 mL per day. In this 

study, drainage was successful in 100% of the patients, and 

no complications were reported in spite of leaving the CVC 

inserted for 3 weeks.

Balloon pericardiotomy is almost always associated with 

pain, given that the pericardium gets stretched through this 

procedure.28 The present study measured the intensity of 

pain using the numerical rating scale 6 and 12 hours after 

the insertion of the catheter. Only two patients reported their 

pain to be severe in the first 6 hours and one patient in the 

second 6 hours; however, the administration of 5 mg mor-

phine relieved their pain. Moreover, six patients reported their 

pain to have alleviated 12 hours after the catheter insertion 

and 17 patients reported pain relief at home after discharge 

and with the use of oral analgesics such as acetaminophen, 

ibuprofen, and rectal diclofenac suppository without recourse 

to intravenous analgesic administration.

The patients’ quality of life was assessed with the catheter 

inserted and was deemed satisfactory, as it improved on a 

weekly basis, implying that the patients have learned to adapt 

to living with a catheter.

Other advantages of this technique include its low costs, 

ready availability, an earlier discharge from the hospital and 

the continuation of care at home, and the easy application 

of dressings and self-care for the catheter. In contrast, chest 

tube poses greater limitations for the patient.

A randomized clinical trial is recommended to be con-

ducted on the efficiency and safety of CVC insertion versus 

the pericardial window technique and balloon pericardiotomy.

A potential advantage to this technique is cost-effective-

ness, which was not evaluated in this study. Another study 

could be done to report the potential magnitude of cost sav-

ings using this technique versus conventional chest tubes or 

pigtails. All patients underwent CABG, and so the use of this 

technique in another type of open heart surgery such as valve 

operation was not reviewed. Also, the safety of CVC insertion 

in pericardial cavity should be determined in patients with 

high international normalized ratio due to warfarin therapy 

and other coagulation disorders.

Conclusion
CVC insertion under echocardiographic guidance is a safe 

and effective method for the drainage of pericardial effusion 

and can help all the patients with post-CABG pericardial 

effusion regardless of having received the immediate or 

delayed treatment.
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