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Abstract

OBJECTIVES: Cardiac tamponade is a life-threatening complication after cardiac surgery. Echocardiography, both transthoracic (TTE) and
transesophageal (TEE), may help to identify cardiac tamponade after surgery, but its diagnostic value remains unverified after cardiac
surgery.

†The first two authors contributed equally to this work.
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METHODS: This retrospective single-centre cohort study used the electronic medical record and echocardiography database of the
Catharina Hospital Eindhoven, a tertiary referral cardiothoracic centre, to identify patients who received echocardiography because they
were clinically suspected of having cardiac tamponade within the 4 weeks after cardiac surgery. Overall diagnostic accuracy of both TTE
and TEE was calculated (sensitivity, specificity, positive predictive value, negative predictive value, and receiver operation characteristics
curves). Subgroup analyses were performed based on the timing of the echocardiography after primary surgery (<24, 24–72, >72 h).

RESULTS: The query identified 427 echocardiographs, 373 TTEs and 54 TEEs, being performed in 414 patients (65% males, mean age
67 years). Of them, 116 patients underwent surgical re-exploration in which a cardiac tamponade was determined in 105 patients with a
30-day mortality of 8.6%. The area under the receiver operation characteristics curve for echocardiography in the 4 weeks after cardiac
surgery was 0.78 [95% confidence interval (CI): 0.72–0.84, P < 0.001]. In the first 24 h after surgery was the positive predictive value of echo-
cardiography 58.3% (95% CI: 28.6–83.5) with an area under the curve of 0.64 (95% CI: 0.49–0.80, P = 0.06). The diagnostic accuracy
improved over time for both TTE and TEE.

CONCLUSIONS: Diagnostic accuracy of echocardiography in the 4 weeks after cardiac surgery for cardiac tamponade is acceptable and
improves over time. However, in the early postoperative phase (<24 h), the diagnostic accuracy of echocardiography is poor.
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ABBREVIATIONS

AUC Area under the curve
CI Confidence interval
CT Computerized tomography
EMR Electronic medical record
ROC Receiver operation characteristics
TEE Transesophageal echocardiography
TTE Transthoracic echocardiography

INTRODUCTION

Haemodynamic impairment in patients after cardiac surgery is a
common challenge with a wide differential. Cardiac tamponade
is one of the most feared life-threatening complications with
mortality rates up to �30% [1, 2]. The incidence of cardiac tam-
ponade after cardiothoracic surgery ranges from 0.5% to 8.8% [1,
3]. Although there is no clear consensus, literature differentiates
between early (<72 h) and late (>72 h) tamponade depending on
the timing after surgery [3, 8]. Early diagnosis and re-exploration
are important to prevent further deterioration, serious complica-
tions and death [2, 8]. However, re-explorations also increase the
risk of acute-kidney injury, atrial fibrillation, sternal wound infec-
tions, pulmonary infections, increased number of days on mech-
anical ventilation and an increased ICU length of stay [2, 9].
Therefore, the threshold to perform additional diagnostic evalua-
tions should be low, while the diagnostic accuracy of these evalu-
ations must be high suitable to the severity of the complication,
the lack of specific clinical symptoms, and the need to avoid un-
necessary re-explorations [3, 5, 10–12].

In the overall medical population, transthoracic echocardiog-
raphy (TTE) and transoesophageal echocardiography (TEE) are
the cornerstone for the diagnosis of cardiac tamponade with ex-
cellent diagnostic properties [13]. However, in patients after car-
diothoracic surgery, the diagnostic accuracy of echocardiography
is limited by several barriers. In these patients, loculated clots
and pericardial effusion without a significant haemodynamic
compromise are common but can complicate the interpretation
of the echocardiography [1, 4, 10, 14]. In addition, image acquisi-
tion can be difficult because of a poor echogenicity due to the
inability to position the patient, wounds, dressings, tubing and

mechanical ventilation. TEE may overcome these practical draw-
backs of TTE. However, evidence on the diagnostic accuracy of
TTE and TEE remains scarce in this postoperative setting with
broad ranges of sensitivity (34–93% for TTE) and specificity (30–
90% for TTE) [1, 3, 5, 8, 10, 11, 15–19]. These broad ranges ham-
per the involved multidisciplinary team of surgeons, cardiologists
and anaesthesiologists or intensivists to determine the value of
the TTE or TEE within their decision-making process in patients
with a suspected tamponade after cardiac surgery. More insight
into the diagnostic accuracy of TTE and TEE will therefore help
cardiologists, cardiothoracic surgeons, anaesthesiologists and in-
tensive care specialists to interpret the echocardiographic results
for the daily decision-making process at the bedside in case of
haemodynamic deterioration after cardiac surgery in the early
postoperative period on the ICU or later on the surgical ward.

The aim of this study is to assess the diagnostic accuracy of
TTE and TEE in a large cohort of patients who are clinically sus-
pected of having an early or late cardiac tamponade in the first 4
weeks after cardiac surgery.

PATIENTS AND METHODS

Study design

This single-centre retrospective analysis of 427 echocardiograph-
ic evaluations was carried out between January 2011 and March
2017 in the Catharina Hospital Eindhoven, a tertiary referral hos-
pital specialized in cardiothoracic surgery. In this time period,
8974 cardiothoracic surgeries were performed. All patients were
documented in a fully operational electronic health record with
established and stable documentation processes (CS-EZIS test;
Chipsoft BV, Amsterdam, Netherlands). Clinical protocols
remained unchanged during the period of the study, but altera-
tions in the senior consultant staffs have occurred since new staff
members were added to the teams. Approval of the institutional
review board was obtained prior to beginning of the study
(nWMO-2017.59). Requirement of individual patient consent was
waived due to the retrospective design of the study in accord-
ance with the rules of the institutional review board of the
Catharina Hospital Eindhoven. The Standards for Quality
Improvement Reporting Excellence guidelines were used in pre-
paring this article [20].
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Data acquisition and included patients

The electronic medical record (EMR) and the databases of the
ultrasound systems were queried to identify patients who were
suspected to have cardiac tamponade or had an echocardio-
graphic evaluation in the first 4 weeks after cardiothoracic sur-
gery. Patients were identified for eligibility by querying the EMR
for ‘resternotomy for tamponade or bleeding’, ‘tamponade’ or
‘pericardial effusion’ and by gathering all patients who had echo-
cardiographic evaluations within 4 weeks after surgery. Patients
were excluded if they had emergency surgery without echocardi-
ography, if the echocardiography did not have a written report
in the EMR or ultrasound database. In addition, patients who had
pericardiocentesis were also excluded since perioperative con-
firmation was impossible due to insufficient anaesthesiological
registrations to confirm the final diagnosis of a cardiac tampon-
ade. The preoperative intake records, surgery and echocardiog-
raphy reports and clinical charts from the ICU and cardiothoracic
surgery ward of all eligible patients were reviewed.

Diagnosis of cardiac tamponade

Echocardiography. Echocardiographic evaluation, either
transthoracic or transoesophageal, was performed by a senior
cardiologist or a cardiology resident under supervision of a se-
nior cardiologist (Philips CX50 CompactXtreme or a Philips iE33
xMatrix echo system; Royal Philips Electronics N.V., Amsterdam,
Netherlands). The evaluation performed (transthoracic or trans-
oesophageal) was at the discretion of the staff on duty and also
depended on the clinical situation. Echocardiography was con-
sidered positive for tamponade if pericardial effusion or a clot
was seen combined with one of the following: atrial or ventricu-
lar collapse, swinging heart, non-pulsatile dilatation of the infer-
ior vena cava and increased respiratory variation in mitral or
tricuspid valve flow velocities. These definitions have been used
in previous comparable studies [3, 8, 16, 19].

Surgery. Surgical confirmation of tamponade was considered
as the standard. Diagnosis of tamponade was confirmed if the
surgical report included a documented clinical suspicion by the
surgeon, an evacuation of blood or fluid under pressure or an
improvement of haemodynamics at incision. If the surgical report
was inconclusive, anaesthesiological registrations were reviewed
for haemodynamic improvement at incision, defined as a mean
arterial pressure increase of >25%, a jugular vein pressure de-
crease of >5 mmHg or an end tidal CO2 increase of >5%. An in-
crease in mean arterial pressure with a significant decrease of
vasopressive or inotropic medication also accounted as a mean
arterial pressure increase of >25%. Patients without re-
exploration were considered negative for tamponade if they sur-
vived 24 h and became haemodynamically stable without surgi-
cal intervention.

Outcomes . The primary outcome of this study was to estab-
lish the overall diagnostic accuracy of both TTE and TEE assessed
as the sensitivity, specificity and positive and negative predicted
values of these diagnostic evaluations.

Secondary outcomes included analyses of the diagnostic ac-
curacy of TTE and TEE separately, either for early tamponade or
for late tamponade. Subgroups were therefore created based on

the time of echocardiography after the first primary surgery (<24,
24–72 and >_72 h). For each of these subgroups and the overall
group, the predictive value of TTE and TEE based on receiver op-
erator characteristic (ROC) curves was established.

Statistics. Statistical analysis was performed with SPSS
Statistics 24. Descriptive data were reported in mean with
standard deviation or median with interquartile ranges depend-
ing on the distribution of the continuous variables by assessing
the histograms with Q–Q plots and the Shapiro–Wilk test, or as
frequencies with percentages for categorical data (%).
Sensitivity, specificity and positive and negative predictive val-
ues were calculated as dichotomous variables for predicting
cardiac tamponade by echocardiography. ROC curve analysis of
sensitivity versus 1 – specificity were performed yielding an
area under the curve (AUC) to evaluate the predictive values of
the echocardiography for cardiac tamponade after cardiac sur-
gery. An AUC value of <0.7 is considered as poor discrimination,
0.7–0.8 is considered acceptable, 0.8–0.9 is considered excellent
and >0.9 is considered outstanding [21, 22]. All the reported P-
values are two-sided with a P-value of 0.05 or lower being con-
sidered as statistically significant.

Ethical considerations. Approval of the institutional review
board was obtained prior to beginning of the study (nWMO-
2017.59). Requirement of individual patient consent was waived
due to the retrospective design of the study in accordance with
the rules of the institutional review board of the Catharina
Hospital Eindhoven.

RESULTS

During the study period, cardiac surgery was performed in 8974
patients of whom 174 (1.9%) developed cardiac tamponade
determined during surgical exploration. In total, 511 patients
were identified of whom 414 patients were eligible for further
analysis. In these 414 patients, 427 echocardiographs were per-
formed and 116 surgical explorations within the first 4 weeks
after the primary surgery, to rule out or treat a cardiac tampon-
ade. Baseline characteristics are shown in Table 1 and the peri-
operative findings are reported in Table 2. Of the 414 included
patients, a cardiac tamponade was determined in 105 patients. In
these patients, the 30-day mortality rate was 8.6% (n = 9/105).

Of 427 echocardiographs, 373 were TTE and 54 were TEE.
Table 3 shows the diagnostic accuracies of all echocardiographs
together and of the TTE and TEE separately. During the first 72 h
after surgery, 163 TTEs and 42 TEEs were performed. In 9.2% (15/
163) of the TTEs and 26.1% (11/42) of the TEEs, the echocardiog-
rapher was unsuccessful to indicate the presence of a confirmed
cardiac tamponade (false negatives). After the first 72 postopera-
tive hours, the percentage of false negatives of TTE was 7.1 (15/
210). The ROC curves and their AUC for both TTE and TEE, and
for all the subgroups are demonstrated in Fig. 2. The area under
the ROC curve for echocardiography, both TTE and TEE, in the
first 4 weeks after cardiac surgery was acceptable [AUC of 0.78;
95% confidence interval (CI): 0.72–0.84, P < 0.001]. The AUC for
the TTE increased over time, but the AUC did not significantly
differ for TTEs that were performed within the first 24 postopera-
tive hours (Table 3). There was an 83% (95% CI: 0.76–0.91,
P < 0.001) chance that the cardiologist could correctly distinguish
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a late cardiac tamponade from another diagnose or normal situ-
ation based on a TTE at the bedside.

DISCUSSION

In this study, we retrospectively analysed the diagnostic accuracy
of echocardiography in patients post-cardiac surgery. A cardiac
tamponade was determined in 105 from 8974 patients with a
30-day mortality of 8.6%. The overall diagnostic accuracy of
echocardiography was acceptable with a 77% chance that the
cardiologist was able to confirm the diagnosis of cardiac tam-
ponade and an 88% chance to rule out this diagnosis. However,
during the first 24 h after cardiac surgery our data suggested a
poor ability of both TTE and TEE to discriminate patients with
and without an early cardiac tamponade. For TTEs that were per-
formed during the first 24–72 postoperative hours and 72 h after
surgery this ability increased over time with an 76% and 83%
chance that the cardiologist could correctly distinguish a cardiac
tamponade from another diagnose or normal situation, respect-
ively. The broad 95% CIs for the TEE suggest that the included
population was too small to draw any firm conclusions.

To our knowledge, this study reports on the largest cohort on
the diagnostic properties of echocardiography after cardiac surgery.
In addition, we deliberately chose to include only patients who in
whom echocardiography was performed because of a clinical sus-
picion of tamponade. This is in contrast to other studies in which
also patients with routine echocardiography were included [4, 7,
14]. This influences the a priori chance of tamponade and conse-
quently effects the diagnostic properties of echocardiography.

The diagnostic yield in our cohort was comparable to the results
of previous studies, though the sensitivity and specificity of echo-
cardiography improved over time after surgery. The improving
diagnostic accuracy of TTE over time is in accordance with previ-
ous reports [3, 15, 16, 19]. This improvement is most likely the
results of an improving echogenicity, the ability of the patient to
cooperate during the echocardiography and the absence of other
early postoperative features. In addition, the different aetiologies
of an early cardiac tamponade or a late cardiac tamponade might
also explain the improvement over time [3–6, 18, 23, 24]. Early
tamponade is mostly caused by bleeding and coagulation disor-
ders causing a rapid accumulation of small volumes or localized
clots in the pericardial space. As a result, the intrapericardial pres-
sure elevates, which impairs the filling and thus the function of the
heart, predominantly the low-pressure atria and right ventricle but
also the left ventricle can be compressed [5, 25]. For example, Price
et al. showed that a relevant quantity of pericardial effusions could
not be identified in 60% of the patients who were clinically sus-
pected for a tamponade in the first 72 h after cardiac surgery [3].
Late effusions are present in 64% of patients, often have a multifac-
torial origin and develop more slowly with often a lacking or stag-
nation of clinical recovery or therapy resistant atrial fibrillation [4].
In these patients, a more gradual and equal transfer of intraperi-
cardial pressures in a circumferential fashion causes the classical
tamponade physiology and matching echocardiographic findings,
Price et al. confirmed these classical signs in 68% of patients with
late and large effusions (640 ml ± 71) [3].

Although a TEE can overcome many of the barriers causing the
poor echogenicity with TTE in patients with an early tamponade
such as the presence of mechanical ventilation, chest tubes,
retrosternal air and the reduced cooperation, both sensitivity and
specificity of TEE in this study appeared rather poor. The reason
for this poor diagnostic accuracy of TEE might be a result of pa-
tient selection, because in practice TEEs are mostly performed
when the TTE is inconclusive due to the limitations such as air,
tubes and difficult to visualize localized clots against the right
atrium and ventricle. Previous reports have shown conflicting
evidence ranging from excellent to poor diagnostic properties,
which frequently depended on the varying priori chance of tam-
ponade in these studies [3, 11, 12, 19, 26]. In addition, all these

Table 1: Baseline characteristics

Patient characteristics n = 414

Male, n (%) 279 (65.5)
Age (years)

Mean (SD) 66.6 (10.9)
Range 18–87

BMI (kg/m2)
Mean (SD) 27.5 (4.8)
Range 16.7–49.8

Emergency surgery, n (%) 63 (15.2)
Surgery type, n (%)

OPCAB 26 (6.3)
CABG 123 (29.7)
Valve 121 (29.2)
CABG + valve 86 (20.8)
Aortic surgery 47 (11.4)
Others 11 (2.7)

Second sternotomy, n (%)a 25 (6.0)
EuroSCORE

Median (IQR) 4.9 (2.7–11.4)
Range 0.82–84.3

ECC time, min
Mean (95% CI)b 114.6 (108.7–120.8)

Aorta occlusion, min
Mean (95% CI)b 72.9 (68.8–77.2)

Echocardiography n = 427
TTE, n (%) 373 (87.4)
TEE, n (%) 54 (12.6)

Type of pericardial effusion on echo (%)
Localized 38
Diffuse 35
Missing in reports 27

Time to echocardiography (h)
Median (IQR) 91.0 (44.0–168.0)
Range 1–701

BMI: body mass index; CABG: coronary artery bypass graft; CI: confidence
interval; ECC: extracorporeal circulation; IQR: interquartile range; OPCAB:
off pump coronary artery bypass; SD: standard deviation; TEE: transoeso-
phageal echocardiography; TTE: transthoracic echocardiography.
aFor example, re-CABG or re-AVR (aortic valve replacement).
bBack-transformed from log-transformation.

Table 2: Perioperative findings

Perioperative findings n = 161

Pericardial effusion (ml), median (IQR) 500 (137.5–762.5)
Improved Mean Arterial Pressure (>25%) (%)a 68
Central Venous Pressure reduction >5 mmHg (%) 57
EtCO2 increase >5% (%) 65
Subjective haemodynamic improvement (%) 57

IQR: interquartile range.
aOr reduction of vasopressive or inotropic agents.
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Table 3: Diagnostic accuracy of echocardiography for a cardiac tamponade after cardiac surgery

Overall TTE and TEE TTE TEE

n = 410 n = 361 n = 54

Sensitivity 61.8% (52.0–70.8) 64.7% (53.5–74.6) 52.0% (31.8–71.7)
Specificity 93.7% (90.3–96.0) 95.5% (92.2–97.5) 75.9% (56.1–89.0)
PPV 77.3% (66.9–85.2) 80.8% (69.2–89.0) 65.0% (40.9–83.7)
NPV 87.6% (83.5–90.8) 90.2% (86.1–93.2) 62.9% (44.9–78.0)
AUC 0.778 (0.719–0.836) P < 0.001 0.801 (0.737–0.865) P < 0.001 0.639 (0.489–0.790)

P = 0.08
<_24 h n = 78 n = 43 n = 35
Sensitivity 36.8% (17.2–61.4) 40.0% (7.3–83.0) 35.7% (14.0–64.4)
Specificity 91.5% (80.6–96.8) 94.7% (80.9–99.1) 85.7% (62.6–96.2)
PPV 58.3% (28.6–83.5) 40.0% (9.2–90.8) 62.5% (25.9–89.8)
NPV 81.8% (70.0–89.9) 92.3% (78.3–98.0) 66.7% (46.0–82.8)
AUC 0.642 (0.486–0.798) P = 0.06 0.674 (0.380–0.968) P = 0.21 0.607 (0.410–0.805)

P = 0.29
24–72 h n = 127 n = 120 n = 7a

Sensitivity 50.0% (30.4–69.6) 52.0% (31.7–71.7) –
Specificity 95.0% (88.3–98.2) 98.9% (93.4–99.9) –
PPV 72.2% (46.4–89.3) 92.9% (64.2–99.6) –
NPV 88.1% (80.1–93.2) 88.7% (80.7–93.8) –
AUC 0.755 (0.598–0.852) P < 0.001 0.755 (0.626–0.884) P < 0.001 –
>72 h n = 222 n = 210 n = 12a

Sensitivity 73.8% (61.2–83.6) 72.7% (59.0–83.9) –
Specificity 93.6% (88.3–96.7) 93.6% (88.5–96.9) –
PPV 82.8% (70.1–91.0) 80.0% (68.3–88.2) –
NPV 89.6% (83.7–97.7) 90.6% (86.2–93.7) –
AUC 0.837 (0.770–0.905) P < 0.001 0.831 (0.757–0.905) P < 0.001 –

AUC: area under curve; NPV: negative predictive value; PPV: positive predictive value; TEE: transoesophageal echocardiography; TTE: transthoracic
echocardiography.
aInsufficient data for analysis.

Figure 1: Flowchart patient inclusion.
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studies had limited sample sizes and all had a retrospective char-
acter. The value of TEE in diagnosing an early cardiac tamponade
remains therefore uncertain. Prospective research or retrospect-
ive analysis of large series is thus warranted since TEE persists the
clinically preferred bedside diagnostic tool in haemodynamically
unstable patients if the expertise is nearby. These studies should
also focus on the promising modality of having an indwelling TEE
probe in the early postoperative phase when the patient is still
intubated [27, 28].

Contrast-enhanced computerized tomography (CT) is gaining
popularity in the clinics, which can show a global effusion or local
haematoma not detected by echocardiography [8, 17, 29, 30]. Ay
and Kahraman Ay [8] showed in a small retrospective series of late
tamponade a positive predictive value of 97.4% and negative

predictive value of 36.3% with an accuracy of 89.7% when a cutoff
value of 3.1 cm of pericardial fluid thickness was used. However, CT
scanning carries the risk of transportation to the radiology suite, ra-
diation, allergy and kidney failure and fails to provide information
on cardiac function.

Future prospective studies should thus especially focus and
compare the diagnostic value of TTE, TEE with indwelling probe
and CT scan in the early postoperative phase (<72 h) since in this
period the greatest clinical benefit can be achieved. At present,
considering the reasonably high positive predictive value of TTE,
a re-exploration is justified considering the detrimental effects of
waiting. A negative TTE result however should not be reassuring,
especially not in the early (<72 h) postoperative phase. In this
phase, additional diagnostic evaluations with indwelling TEE or a

Figure 2: Receiver operation characteristics curves of both transthoracic echocardiography and transoesophageal echocardiography (A), transthoracic echocardiog-
raphy only (B) and transoesophageal echocardiography only (C) for their predictive value of diagnosing a cardiac tamponade after cardiac surgery (area under the
curve and P-values are reported in Table 2).
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CT scan, or even immediate re-exploration must be considered
when the clinical suspicion remains high despite the negative
echocardiographic findings.

Limitations

Our study has a few limitations of which the retrospective design
is the most important one. We were unable to extract in retro-
spect the presenting complaints and clinical parameters from the
EMR and paper-based records since the digital recording of these
factors has changed substantially over the study period.
Therefore, subjective interpretations of the clinicians, such as the
cardiologists and surgeons, might have influenced the results and
the reported presence of a cardiac tamponade on echocardiog-
raphy or during surgery. We were also unable to report specific
echocardiographic parameters and measurements because these
findings were not recorded sufficiently when the diagnosis of
tamponade was evident or easy to reject at first sight. Patients
might also be missed at inclusion if ultrasound results were not
reported or when patients did not fit our query. The exclusion of
patients with a pericardiocentesis might underestimate the diag-
nostic value of echocardiography, but the excluded number of
patients was limited. Although this is the largest dataset in medic-
al literature describing the diagnostic properties of echocardiog-
raphy for diagnosing a postoperative tamponade, the number of
included echocardiographs in certain subgroups, especially for
TEE, is underpowered to draw clear conclusions. Finally, the study
included patients until 2017 because the hospital updated the
EMR and patient data management system in 2017 which made
it impossible to run the same query. However, no new diagnostic
tools nor new protocolized work-ups for diagnosing a tampon-
ade have emerged since 2017, so that the study period almost
certainly represents current practice.

CONCLUSION

In patients suspected to have cardiac tamponade within the first
4 weeks after cardiac surgery, the overall diagnostic accuracy of
echocardiography is acceptable. However, during the first 24 h
after surgery the diagnostic accuracy is poor with a positive pre-
dictive value of only 58%. Therefore, if tamponade is suspected
in the early postoperative phase, a high clinical suspicion may
prompt immediate re-exploration. Prospective studies on the
diagnostic accuracy of echocardiography, both transthoracic and
transoesophageal, in patients after cardiac surgery in larger
cohorts are still needed.
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