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ABSTRACT

A controversial echocardiographic report is usually a warning alert about hemodynamic derangement;
however, tamponade is almost always a clinical diagnosis which needs supplementation of echocardiographic
finding. This study presents the diagnosis of cardiac tamponade in patients with pericardial effusion through
clinical and echocardiographic (ECHO) assessment. Data for 72 patients were retrieved from case notes from
King Fahad Cardiac Center (KFCC) from May 2015 to May 2019. Two-dimensional, M-mode, and Doppler
readings were taken for every patient due to clinical instability. The diagnostic accuracy of different markers
was measured with sensitivities, specificities, positive predictive values (PPV), and negative predictive values
(NPV) via SAS/STATA software. Muffled heart sound, which is one of the criteria for tamponade was absent
in 90% (n = 65) patients, while positive in only 10% (n = 7) patients. Echocardiographic examination pointed
out the collapse of the right, atrium, or/and ventricle in 30 (42%) patients, whereas 42 (58%) patients had no
collapse. The clinical Tamponade Risk Score (TRS) of more than 3 is highly suggestive of tamponade with a
specificity of 100%, sensitivity of 76%, positive predictive value 100%, and negative predictive value of 88%.
Findings indicated and corroborated conventional 2D ECHO can confirm the presence of pericardial effusion
and evaluate the rise in intra-pericardial pressure by assessing the right heart chamber partial collapse even
before blunting of hemodynamic parameters and settling clinical cardiac tamponade.
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INTRODUCTION

Pericardial effusion is referred to as the accumulation of fluid throughout the pericardial space. It can be emerged
in different medical conditions, majorly associated with cardiac surgery, and inflammation [1]. Cardiac
tamponade is an extreme condition that prevails after the excessive rapid or sudden accumulation of fluid in the
pericardial space that limits the adequate filling of the cardiac chambers. In particular, it disturbs normal
hemodynamics and consequently causes cardiac arrest and hypotension. The occurrence of cardiac tamponade
also exists when fluid accumulates massively in the pericardium, compromising hemodynamic. Therefore, it is a
risky condition that must be diagnosed earlier for appropriate treatment and management [2].

Cardiac tamponade is rare as the earliest diagnosis of a malignancy. One of the most common sites from which
cardiac metastases emerge is lung cancer. The occurrence of cardiac metastases usually prevails between 50 and
70 years through hematogenous and lymphatic dissemination. [3] The prevalence of cardiac tamponade is
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comparatively common in patients with malignant pericardial effusion even though its occurrence is low in the
general population [4]. Primary pericardial tumors are not common such as cardiac tumors. They might be
malignant or benign, with the prior being extremely unidentified. Various syndromes of cardiac compression or
frank cardiac tamponade are caused by neoplastic pericarditis [5]. Tumor cells have the potential to regulate the
coagulation system leading to hypercoagulable or prothrombic state. Malignancy can also be related to pulmonary
embolism and deep venous thrombosis [6]. These pulmonary emboli might be another reason for cardiorespiratory
suffering in cancer patients with hemodynamic decompensation [7].

The presence of a perforation or rupture of an intrapericardial organ leads to acute emergencies of cardiac
tamponade [6]. Pericardial involvement can prevail even before the primary lesion, leading to tamponade.

The occurrence of asymptomatic pericardial effusion has been detected in approximately 100% of patients with
dialysis and uremic pericarditis, leading from volume overload or pericarditis [8] In another study, pericardial
effusion was detected in 62% of patients while 7.3% merely showed clinical or echocardiographic signs of
tamponade [9].

It is essential to consider that progressive or persistent right heart failure is suggestive of cardiac tamponade when
linked with hypotension. Pericardiocentesis can be done either ECHO guided, fluoroscopy-guided, or surgically.
ECHO is an influential way of drainage in patients with cardiac tamponade and massive pericardial effusion.
Using a percutaneous pigtail pericardial catheter can assist in achieving successful drainage.

This study, therefore, presents the diagnosis of cardiac tamponade in patients with pericardial effusion to highlight
the challenges experienced in identifying this life-threatening condition.

MATERIALS AND METHODS

This study has reviewed all cases of pericardial effusion with hemodynamic instability, and /or cardiac tamponade
in the cardiology department in King Fahad Cardiac Center (KFCC) from May 2015 to May 2019. Inclusion
criteria include all patients who were >18 years, large (20 mm or more), and moderate (10-20 mm) pericardial
effusion with heart compression. Patients with small effusion, chronic recurrent, and patients with effusive-
constrictive pericarditis were excluded. Local anesthesia augmented by conscious sedation was provided to
patients During pericardiocentesis. A limited lateral thoracostomy with the development of pericardial window
has been done among a few patients with loculated pericardial effusion with background extensive adhesion. Data
for 72 patients were retrieved from case notes. The following elements were noted including age, gender, clinical
features, echocardiographic assessment, ECG, operative findings, investigative modalities.

Pericardial effusion was accounted to be moderate based on the echo fee distance anteriorly and posteriorly
measuring between 10 and 20 mm, and large when the 20 mm limit is exceeded. The bedside clinical ground to
define tamponade includes: increased venous pressure, decreased arterial pressure, increased heart rate above 100
bpm, and decreased intensity of heart sounds in the absence of any other possible explanation. The
echocardiographic assessment was done with Philips IE 33 (Philips Ultrasound Bothell, WA, USA) cardiac
ultrasound machine. The machine can perform two-dimensional, M-mode, continuous-wave Doppler, pulsed
wave Doppler and color images via its variable frequency electronic transducer.

Unless impossible, due to patient clinical status, Inferior vena cava (IVC) two-dimensional M-mode and Doppler
ECHO readings were taken for every patient. A dominant systolic venous flow that becomes more pronounced
during expiration together with some diastolic flow reversal was considered as tamponade distinctive. Also, right
atrial and/or ventricular collapse were considered when the right atrial collapse occurs during late diastolic and
continuing till the first third of systole and during early to mid-diastole for the right ventricle. Pericardiocentesis
was carried out when indicated.

Ethical approval from the Institutional Review Board (IRB) has been obtained before the study. The Tamponade
Score (TS) was calculated as a combination of clinical, electrographic, and echocardiographic criteria for the
diagnosis of clinically significant tamponade (on a score of 7 points). Simultaneous echocardiographic evaluation
within 24 hours was carried out for every patient.

Categorical data were summarized with absolute numbers and percentages where continuous data were
summarized as means and Standard Deviations (SD) or Median and Inter-quartile ranges (IQR). Comparisons
between different groups were performed using the Chi-square test or Fisher’s exact test for categorical variables
and t-test or Mann—Whitney U test for continuous variables. The diagnostic accuracy of different markers was
measured with sensitivities, specificities, positive predictive values (PPV), and negative predictive values (NPV).
All the analysis was performed using [SAS/STATA] software (SAS Institute Inc., Cary, NC, USA).
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RESULTS:

Overall, 72 patients (male: n = 30; female: n = 42) with moderate (n=47; 65%) and large effusions (n=25; 35%)
were included. Causes of cardiac tamponade were sporadic (idiopathic in 4% patients, tuberculosis in 1% patients,
heart failure in 10% patients, traumatic in 8% patients, pericarditis in 7% patients, malignant in 18% patients,
systemic lupus erythematosus (SLE) in 12.5% patients, renal failure in 15% patients, and post-cardiac surgery
was detected in 22% patients). Dyspnea and chest pain were present in 75% (n = 54) and 24% (n = 17) patients,
respectively (Table 1).

Table 1: Characteristics of the study group

TAMPONADE
. L. No Yes
Covariate Statistics Level N=48 N=24 P-value
GENDER N (Col %) Female 28 (58.33) 14 (60) 0.113
N (Col %) Male 20 (41.66) 10 (40)
CHEST PAIN N (Col %) No 38 (79.16) 17 (70.83) 0.459
N (Col %) Yes 10 (20.83) 7 (29.16)
SOB N (Col %) No 11 (22.91) 7 (29.16) 0.423
N (Col %) Yes 37 (77.08) 17 (70.83)
HR N (Col %) No 28 (59.57) 12 (48) 0.347
N (Col %) Yes 19 (40.43) 13 (52)
BPS N (Col %) No 47 (80.85) 15 (62.5) 0.077
N (Col %) Yes 12.12) 9 (37.5)
BPD N (Col %) No 40 (83.33) 19 (79.16) 0.754
N (Col %) Yes 8 (16.66) 5(20.08)
HS muffled N (Col %) No 48 (100) 7 (29.1) <.001
N (Col %) Yes 0(0) 6(35.29)
ELEC ALTE N (Col %) No 46 (95.83) 11 (45.83) 0.004
N (Col %) Yes 2 (4.16) 13 (54.16)
RV COLLA N (Col %) No 46 (95.83) 14 (58.33) <.001
N (Col %) Yes 2 (4.16) 10 (41.66)
RA COLLP N (Col %) No 40 (85.11) 9 (37.5) <.001
N (Col %) Yes 8 (16.66) 15 (62.5)
INTERVENTION N (Col %) No 42 (87.23) 6 (28) <.001
N (Col %) Yes 6 (12.5) 18 (72)
RESP VARIATION N (Col %) No 48 (100) 10 (41.66) <.001
N (Col %) Yes 0 (00) 15 (62.5)
AGE N 47 25 0.637
Mean 51.91 49.72
Median 56 50

Muffled heart sound, which is one of the criteria for tamponade was absent in 90% (n = 65) patients, while positive
in only 10% (n = 7) patients. Hypotension systolic blood pressure <100 mmHg was found in 10 (13.9%), and
>100 mmHg in 62 (86%) patients. Electrical Alternans on ECG was found in 15 (21%) and absent in 57 (79%)
patients.

Echocardiographic examination pointed out the collapse of the right, atrium, or/and ventricle in 30 (42%) patients,
whereas 42 (58%) patients had no collapse. The venous flow was measured and analyzed in 48 (67%) patients;
almost a quarter of them 11 (23%) had features compatible with tamponade. Significant Doppler respiratory
variation (Mitral and Tricuspid) was present in 15 (21%) patients while absent in 57 (79%) patients (Figure 1).
One-third of all patients (24) had cardiac tamponade based on bedside clinical ground (symptoms and signs of
hemodynamic instability; tachycardia, hypotension, or distant heart sounds), while the other two-third (48)
showed no clinical sign of cardiac tamponade (Figure 2).
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Figure 2: Comparison between a patient with tamponade and without Tamponade

Group 1: patients with Tamponade

24 Patients (males: 10; females: 14) with clinical features compatible with tamponade (group I) had a mean heart
rate of 107+/-20. Of these, 15 subjects showed only moderate effusion while 9 patients had a large effusion.
Dyspnea was present in 17 (71%) patients while chest pain was present in 7 (29%) patients. About 9 (37.5%)
patients had systolic blood pressure < 100 mmHg and muffled heart sound was present in 7 (29%) patients.
Electrical Alternant by ECG was found in 13 (54%) patients.

Only 5 out of 24 patients collapse for both right chambers, while 15 (63%) patients had collapse in one of the
right chambers (Figure 3a). A total of 4 (16 %) patients showed no collapse at all. The right atrial collapse was
present in 15 (63%) patients, while the right ventricular collapse was present in 10 (42%) patients (Figure 3b).
Doppler respiratory variation was present in 15 (62.5%) patients, while absent in 9 (37.5%) patients. Pericardial
effusion diameter was 2.0+/- 1.1 cm (Figure 3c).
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Only 10 out of 24 patients showed inconclusive venous flow patterns due to its complications in analyzing the
worst clinical status, which could not allow executing the proper echocardiographic study. The rest of the 14
(58%) patients had a dilated IVC, 1 patient showed a normal venous flow pattern depicted, 9 patients showed
tamponades. Whereas, the diagnosis of 4 patients concerning venous flow morphology was questionable which
might be partly explained because of the effusive constrictive pattern (Figure 3d). Overall, 24 patients showed
immediate clinical improvement of their indices returned to normal after pericardial effusion drainage.
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Figure 3: Right Chamber collapse (A) long parasternal M. Mode (B) Doppler respiratory variation (C) and (D)
Venous flow in a patient with tamponade

Group 2 : patients without tamponade:

Among patients without clinical evidence of tamponade (group II), (48 patients; 20 men and 28 women), the Mean
heart rate was 91+/- 19 beats per minute, effusion was moderate in 32 and large in 16 patients. Dyspnea was
present in 37 (77%) patients while chest pain was present in 10 (21%) patients. Hypotension systolic blood
pressure <100 was evident in one (2.1%) patient, while muffled heart sound was not recorded in those patients.
Electrical Alternans was found in 2 (4.16%) patients by ECG.

The majority of the patients without clinical tamponade showed no apparent collapse when diagnosed with
Doppler echocardiographic findings. Whereas, the collapse of one or more chambers was seen in 10 (21%)
patients (right atrial collapse was seen in 8 (17%) patients and right ventricular collapse in 2 (4%) patients). The
mean pericardial diameter was 2.4 + 0.6 cm in patients without clinical evidence of tamponade. In this group,
without clinical evidence of tamponade IVC was dilated and venous flow could be analyzed with normal
morphology in 26 (76%), equivocal in 6 (18%), and suggestive of tamponade in 2 (6%) patients (Figure 2).

The diagnostic accuracy of different markers was measured with sensitivities, specificities, positive predictive
values (PPV), and negative predictive values (NPV) as shown in Tables (2-4). The clinical Tamponade Risk Score
(TRS) of more than 3 is highly suggestive of tamponade with the specificity of 100%, sensitivity of 76%, positive
predictive value 100%, and negative predictive value of 88%.
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Table 2: Specificities’ order

Parameter specificity positive predictive value (PPV)
Muffled heart sound 100% 100%
Respiratory variation 100% 100%
Collapse of both RA&RV 100% 100%
Hypotension less than 100 97.9% 90%
Electrical alternans 95.8% 86.6%
Right ventricular collapse 95.8% 83.3%
Venous flow pattern 94% % 81.8%
Right atrial collapse 83.3% 65.5% %
Pericardial diameter 66.6% 36 %

PPV: positive predictive value

Table 3: sensitivities’ order

Parameter Sensitivity Negative predictive value (NPV)

Venous flow pattern 90% 96.6%
Respiratory variation 62.5% 84.2%
Right atrial collapse 62.5% 81.6%
Electrical alternans 54.1% 80.7%
Right ventricular collapse 41.6% 76.6%
Hypotension less than 100 37.5% 75.8%
Pericardial diameter 37.5% 68.2%
Muffled heart sound 29.1% 73.8%
Collapse of both RA& RV 20% 71.6%

NPV: Negative predictive value

Table 4: Order of the specificities with other parameters:

Parameter specificity positive predictive sensitivity Negative predictive
value (PPV) value (NPV)
Muffled heart sound 100% 100% 29.1% 73.8%
Respiratory variation 100% 100% 62.5% 84.2%
Collapse of both RA&RV 100% 100% 20% 71.6%
Hypotension less than 100 97.9% 90% 37.5% 75.8%
Electrical alternans 95.8% 86.6% 54.1% 80.7%
Right ventricular collapse 95.8% 83.3% 41.6% 76.6%
Venous flow pattern 94% % 81.8% 90% 96.65
Right atrial collapse 83.3% 65.5% % 62.5% 81.6%
Pericardial diameter 66.6% 36 % 37.5% 68.2%
DISCUSSION:

A controversial echocardiographic report is usually a warning alert about hemodynamic derangement; however,
tamponade is almost always a clinical diagnosis which needs supplementation of echocardiographic finding, and
the correlation between clinical and echocardiographic findings together with electrocardiographic findings to
reach a score with better specificity and positive predictive value. The current study supported such a score which
might be helpful to the clinician and will reflect on management, duration of hospital stays, and cost-effectiveness.
In patients with a significant amount of pericardial effusion, moderate to large, right ventricular and/or right atrial
collapse is a common finding, particularly in patients with clinical presentation compatible with tamponade [10].
It is more common for the right atrium to show inversion than the right ventricle. Nevertheless, the right atrial
collapse is not uncommon in patients with stable vitals, similarly, right ventricular collapse is far less common in
patients without tamponade. Both concurrent inversions are quite rare if the patient is clinically stable [11].
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The absence of a clinical feature of tamponade is strongly correlated with the absence of the right ventricle
collapse. However, the right atrial collapse has a poor correlation with the clinical presentation [12]. Notably, the
occurrence of atrial inversion in a vitally stable patient can be attributed to mild compression that does not have
a significant ramification on chamber filling. When certain concomitant disease exists, hypovolemia, significant
aortic incompetence, or left ventricular dysfunction, counting on the clinical presentation alone might be
challenging [13, 14].

The present study results have indicated and corroborated that conventional 2D ECHO confirm the presence of
pericardial effusion and evaluate the rise in intra-pericardial pressure by assessing the right heart chamber partial
collapse even before blunting of hemodynamic parameters. Similarly, Clinical progression, as in the study by
Levine et al. [15] could not be estimated because all the study patients with tamponade had undergone pericardial
drainage. Previous studies [11-13] have tested the specificity, sensitivity, and positive and negative predictive
values of collapse for tamponade diagnosis, with clinical tamponade as the reference standard [2, 16, 17]. In
comparison to these studies, the sensitivity of any collapse was found to be remarkably low since right atrial, right
ventricular, or both chamber collapse was separately considered. [18] Reydel et al. [12] have found a lower
specificity of right atrial collapse and confirmed that right ventricular collapse is much more specific even though
it represents one of the later manifestations of cardiac tamponade.

Furthermore, Spodick et al. [19] have indicated that intra-pericardial adhesion in organized effusion caused by
infection might interfere with the development of collapse. Alternatively, localized tamponade was found to
manifest only by compression of the vena cava or pulmonary veins [14]. This study has shown that the most
sensitive echocardiographic features are those based on one or more chamber collapse and the most specific are
those based on an abnormal respiratory variation of flow patterns [14]. Overall, such results advocate that the
sensitivity of echocardiographic criteria of tamponade may be suboptimal.

In the present series of patients with moderate and large effusion, inferior vena cava flow evaluation was attempted
in all patients. A major hindrance for such an assessment was the fact that flow was not feasible in all patients,
some difficulties may be found if patients had atrial fibrillation, tricuspid regurgitation, pacemaker rhythm,
ventilated patients, or postoperative patients [20-22]. In cardiac tamponade, venous flow pattern was
predominantly systolic over the diastolic component that decreases during inspiration, and blunting or reverse of
the diastolic component in the early expiratory cardiac cycle was found. The precise measurement of inferior vena
cava flow was challenging in the current study due to patients’ instability secondary to decompensated cardiac
tamponade.

Similarly, a study by Appleton et al. [23] has reported that inferior vena cava flow could be obtained in only 30%
of cases. Burstow et al. [24] have also shown 50% of cases without clinical tamponade. Inferior vena cava flow
was reported as equivocal in five patients and a constrictive pattern was noted in two patients. Overall, the inferior
vena cava follow normalized after effusion was resolved. Abnormal inferior vena cava flow was exclusively
observed in patients with chamber collapse. Similar results were depicted in the current study, where inferior vena
cava flow was analyzable in two-third (n=48, 67%) of the patients (14 patients with clinical tamponade, and in 34
patients without clinical tamponade).

The present study showed that the prevalence of right-sided chamber inversion in patients with significant
pericardial effusion, moderate to large, pointed to raised intra-pericardial pressure. However, this increased intra-
pericardial pressure did not match clinical findings on many occasions. Similarly, clinical features alone
sometimes may be of little help in patients with multiple co-morbid conditions and with other causes of clinical
hemodynamic instability that could fail to pick up the right patients for intervention. Therefore, a combination of
both parameters together with electrocardiographic findings raises the specificity and sensitivity for tamponade
diagnosis and subsequent intervention.

Based on the existing data together with expert consensus, a stepwise scoring system for the triage of patients
requiring pericardiocentesis was proposed. Sometimes cardiac tamponade grows slowly, and since signs and
symptoms are neither sensitive nor specific, Halpern et al [25] have introduced a scoring index to help take clinical
decision drainage. This index is based on effusion size, echocardiographic assessment, and clinical parameters.
Furthermore, it should be applied in the absence of a shock. A total score of >6 warrants immediate intervention
and drainage [26].

The current study has proposed a simplified combination score that can be of great help in guiding the therapy of
cardiac tamponade patients. Furthermore, it is a promising tool, cost-effective, reduces hospitalization, and
efficacious management. Therefore, this scoring system needs to be validated in large randomized trials with
possible addition or deletion of some of the score points. This study is considered a platform for fostering such
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scores for further assessment. This study validated the specificity of such a combination score based on the highest
specificity index. However, there were a relatively small number of patients in this study.

CONCLUSION

There is a good correlation between tamponade score and definitive cardiac tamponade, which is a significantly
important tool for an accurate diagnosis. This score simplifies and unifies the clinical, echocardiographic and
electrocardiographic, assessments into more robust relevant diagnoses that will enhance the management
strategies with cost-effectiveness. Further studies are needed for better decision-making, particularly for invasive
pericardial interventions. A score of three or more points diagnose cardiac tamponade with higher predictive
accuracy for the below parameters and can be used for efficient diagnosis: (1) Muffled heart sound; (2) Respiratory
variation; (3) RV collapse; (4) Electrical alternant; (5) Hypotension systolic blood pressure less than 100 mmHg;
(6) Venous flow pattern suggestive of tamponade; and (7) RA collapse.
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