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Abstract

A 66-year-old man with a history of gastric pull-up reconstruction for oesophageal cancer was hospitalized because of
prolonged chest pain. Chest X-ray demonstrated pneumopericardium. Computed tomography revealed ulceration and abscess
in the gastric conduit adjacent to the heart, suggesting gastropericardial fistula. As the patient did not show tamponade
physiology, he was conservatively treated with antibiotics. The pneumopericardium diminished; however, he developed
effusive–constrictive pericarditis with overt heart failure symptoms. Because pericardiocentesis failed to relieve the symptoms,
pericardiectomy was performed. Intraoperative exploration revealed remarkably thickened pericardium and epicardium con-
stituting multiple layers with purulent effusion. Epicardiectomy as well as pericardiectomy were required to achieve the effec-
tive reduction of central venous pressure. Perforation of the gastric conduit into the pericardial cavity was identified and
repaired. Histopathology demonstrated thickened pericardium composed of hyalinized stroma, collagenous bundles, and infil-
tration of inflammatory cells. Streptococcus anginosus and Candida tropicalis were identified by culture of the resected tissue.
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Introduction

Effusive–constrictive pericarditis (ECP) is an uncommon man-
ifestation of constrictive pericarditis characterized by con-
striction and effusion–tamponade physiology with subacute
or chronic course. Common aetiologies of ECP are idiopathic,
malignancy, and post-cardiac surgery. Pneumopericardium
sometimes causes acute cardiac tamponade called tension
pneumopericardium; however, chronic outcome has not
been well described. We herein present a case of
gastropericardial fistula that circumvented tension
pneumopericardium but subsequently developed subacute
ECP necessitating pericardiectomy.

Case report

A 66-year-old man was admitted to our hospital complaining
of chest pain worsened by inspiration ensuing a month. He
had a history of hypertension and total esophagectomy
with gastric pull-up reconstruction for oesophageal cancer
6 years ago. He was afebrile, and his blood pressure was
168/99 mmHg and heart rate was 82 b.p.m. He did not
exhibit pulsus paradoxus. Laboratory examination showed
the elevation of inflammatory biomarkers: white blood cell
count was 10 700/μL, and C-reactive protein was 26.6 mg/
dL. Blood cultures were all negative. Myocardial biomarkers
did not significantly rise: serum troponin T 0.018 ng/mL, cre-
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atine kinase 43 U/mL, and creatine kinase-MB 4 U/mL. Elec-
trocardiogram showed no abnormal findings suggesting
myopericardial injury and normal sinus rhythm without spe-
cific ST-T changes. The amplitude of QRS complex was rela-
tively low in all leads, but this finding had been unaltered
for years before the present event (Supporting Information,
Figure S1). Chest X-ray demonstrated free air around the
cardiac silhouette (Figure 1A). Computed tomography scan
revealed pneumopericardium (Figure 1B), and ulceration with
abscess formation in the lower gastric conduit placed in ante-
rior mediastinum adjacent to the right ventricle, implying
gastropericardial fistula (Figure 1B). Endoscopy demonstrated
an ulcer with white coating at the antrum of gastric conduit
but failed to identify a fistula. Echocardiography showed pre-
served left ventricular and right ventricular (RV) wall motion
without collapse of chambers. He was diagnosed with
mediastinitis and pericarditis. An urgent surgical intervention
was deferred because his haemodynamics was stable and it
was desirable to extinguish purulent inflammation as much
as possible even if a surgery would be performed. He had
been hospitalized and administered with antibiotics (intrave-
nous piperacillin/tazobactam 4.5 g three times a day). The
conservative treatment initially improved his chest pain and
decreased the level of inflammatory biomarkers in 3 weeks:

white blood cell count 6020/μL and C-reactive protein
1.99 mg/dL. However, he gradually developed bilateral pleu-
ral effusion and anasarca 3 weeks after the hospitalization,
both of which were suggestive of right heart failure. Plasma
BNP level was high at 1039.3 pg/mL, and serum troponin
T level rose up to 0.244 ng/mL at this stage. He was adminis-
tered with diuretics—bolus injection followed by continuous
infusion of furosemide, but the symptoms become refractory.
His blood pressure declined to ~100/80 mmHg and heart rate
increased to ~100 b.p.m. He exhibited jugular vein distention
but not pulsus paradoxus. Echocardiography revealed the
increase of pericardial effusion (Supporting Information,
Figure S2), and Doppler flow patterns showed the inspiratory
decrease and expiratory increase of early transmitral left ven-
tricular inflow, suggesting constrictive physiology. Follow-up
computed tomography scan demonstrated increased pericar-
dial effusion, diminishing pneumopericardium, and thickened
pericardium (Figure 1C). Pericardiocentesis failed to relieve
the symptom. Invasive haemodynamics demonstrated the
following findings compatible with constrictive pericarditis1:
(i) increased right atrial pressure (RAP) with deep x and y
descents (Figure 1D), (ii) diminished inspiratory dRAP, (iii)
increased RV end-diastolic pressure relative to RV systolic
pressure and dip–plateau morphology (Figure 1D), (iv)

Figure 1 Images and invasive haemodynamic findings. Chest X-ray (A) and computed tomography scans (B) at admission revealed pneumopericardium
(red arrowheads) and abscess formation in the gastric conduit adjacent to the heart (arrow). Computed tomography scans 4 weeks after the initiation
of conservative treatment exhibited diminished pneumopericardium, thickened pericardium (white arrowheads), and increased pericardial effusion (C).
Right heart catheterization demonstrated deep x and y descents of right atrial (RA) pressure and dip–plateau right ventricular (RV) pressure morphol-
ogy (D), equalization of RV and left ventricular (LV) end-diastolic pressure (E), and increase of RV pressure (blue line) and decrease of LV pressure
(yellow line) in inspiration and reverse change in expiration (F). These findings were compatible with constrictive pericarditis.
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equalization of RV and left ventricular end-diastolic pressure
(Figure 1E), and (v) exaggerated interventricular depen-
dence—discordance of RV and left ventricular pressure with
respiratory variation (Figure 1F). He was diagnosed with ECP
based on the earlier findings, and urgent pericardiectomy
was performed. Intraoperative exploration revealed remark-
ably thickened pericardium and epicardium (~5 mm) consti-
tuting millefeuille-like multiple layers with purulent effusion
(Figure 2A). Because the central venous pressure was still
high at 18 mmHg even after pericardiotomy, epicardiectomy
was additionally performed under cardiopulmonary bypass.
After pericardiectomy and epicardiectomy, central venous
pressure declined and arterial pressure recovered, indicating
the successful relief of pericardial constriction. Perforation
of the gastric conduit into the pericardial cavity near the
acute margin of the right ventricle was identified and surgi-
cally repaired. Histopathology of the resected tissue demon-
strated thickened pericardium composed of hyalinized
stroma, collagenous bundles, microcalcifications, and infiltra-
tion of neutrophils and lymphocytes, accompanied by foreign
materials with multinucleated giant cells (Figure 2B and 2C).
The culture of the resected pericardial tissue identified Strep-
tococcus anginosus and Candida tropicalis, which are indige-
nous gastrointestinal microbes.

Discussion

Pneumopericardium mostly results from chest trauma, tho-
racic procedure, endoscopy, and positive pressure ventila-
tion. Rare causes include gastropericardial fistula associated
with ulcer, carcinoma, and spontaneous rupture and less
commonly intrapericardial perforation of lung abscess or

tuberculosis cavity.2 Pneumopericardium does not always re-
quire invasive intervention; however, one-third of cases have
been reported to result in tension pneumopericardium that
mimics cardiac tamponade and can be fatal.3 Management
of tension pneumopericardium involves decompression by
pericardiocentesis or surgical drainage.3,4

Effusive–constrictive pericarditis is characterized by the
constriction of the heart by pericardium with tense pericardial
effusion, and typically, RAP fails to decrease even after peri-
cardial pressure is lowered by removal of pericardial fluid.5

Sagristà-Sauleda et al. reported that ECP accounted for 1.3%
of the entire pericarditis population, and they were mostly
associated with idiopathic and neoplastic aetiologies.5 Kim
et al. reported that 16% of patients developed ECP following
pericardiocentesis, and major causes were procedure-related
hemopericardium, post-cardiac surgery, and idiopathic.6 Less
frequent are infection-related aetiologies.5,6 The necessity of
pericardiectomy ranges from 6% to 47% in the literature.5–7

In advanced pericardial constriction like the present case,
pericardiectomy alone might not relieve constrictive
physiology and requires additional procedures including
epicardiectomy or pericardial waffle procedure.8 Therapeutic
strategy should be individualized depending on underlying
causes and haemodynamics.1

The present report is the first describing a case of
pneumopericardium leading to subacute ECP that necessi-
tated pericardiectomy and epicardiectomy. A latent long-
standing inflammation caused by gastropericardial fistula
was thought to underlie the disease progression, and
pneumopericardium developed as an early phenotype in the
present case. Uncontrolled inflammation finally led to ECP.
Although the initial conservative care apparently palliated
inflammatory response and prevented the patient from
developing life-threatening tension pneumopericardium, the

Figure 2 Intraoperative findings and histopathology of the resected pericardial tissue. Markedly thickened and rigid pericardium (arrowheads) and pu-
rulent effusion (arrows) were observed (A). The resected pericardium tissue comprised hyalinized stroma, collagenous bundles, aggregation of neutro-
phils and lymphocytes (arrows), and microcalcifications (arrowheads) (B). Higher magnification revealed foreign materials (red arrows) within the
pericardial tissue accompanied by inflammatory cell infiltration with multinucleated giant cells (white arrow) (C).
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pericardium and epicardium were being exposed to microor-
ganisms, foreign materials, and gastric juice due to
unrepaired gastric conduit–pericardium fistula, leading to
prolonged chemical injuries and smouldering infection. These
pathobiological processes were considered to induce
inflammatory pericardial hyperplasia with increasing purulent
pericardial fluid after all in the present case.
Pneumopericardium secondary to gastropericardial fistula is
at high risk of microbial infection because of the communica-
tion of pericardial cavity with gastrointestinal tract. Some
cases with pneumopericardium, especially in traumatic or
idiopathic cases, can be treated with conservative manage-
ment; however, infection-associated pneumopericardium
should require early surgical repair even without tension
pneumopericardium in acute phase, considering the high risk
of developing purulent ECP.
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Figure S1. Electrocardiogram at admission.
Figure S2. Echocardiographic images 4 weeks after the
admission. Two-dimensional imaging in the apical view (A)
and in the parasternal long-axis view (B). Pericardial effusion
(arrows) with thickened pericardium (arrowheads) are
noticeable.

References

1. Talreja DR, Nishimura RA, Oh JK, Holmes
DR. Constrictive pericarditis in the
modern era: novel criteria for diagnosis
in the cardiac catheterization laboratory.
J Am Coll Cardiol 2008; 51: 315–319.

2. Grandhi TM, Rawlings D, Morran CG.
Gastropericardial fistula: a case report
and review of literature. Emerg Med J
2004; 21: 644–645.

3. Nachi S, Okada H, Kato H, Suzuki K,
Nakano S, Yoshida T, Yoshida S, Ushikoshi
H, Toyoda I, Ogura S. Simple pneumo-
pericardium due to blunt trauma

progressing to tension pneumopericar-
dium during transportation. Am J Emerg
Med 2016; 34: 933 e3–933.e5.

4. Misenheimer JA, Liu Y, Means G, Kaul P,
Yeung M. Tension pneumopericardium
secondary to gastropericardial fistula pre-
senting as acute pericarditis with cardiac
tamponade physiology. JACC Cardiovasc
Interv 2016; 9: 1748–1749.

5. Sagristà-Sauleda J, Angel J, Sanchez A,
Permanyer-Miralda G, Soler-Soler J.
Effusive–constrictive pericarditis. N Engl
J Med 2004; 350: 469–475.

6. Kim KH, Miranda WR, Sinak LJ, Syed FF,
Melduni RM, Espinosa RE, Kane GC, Oh
JK. Effusive-constrictive pericarditis after
pericardiocentesis: incidence, associated
findings, and natural history. JACC
Cardiovasc Imaging 2018; 11: 534–541.

7. Syed FF, Ntsekhe M, Mayosi BM, Oh JK.
Effusive-constrictive pericarditis. Heart
Fail Rev 2013; 18: 277–287.

8. Kiamanesh O, Luk A, Nesbitt GC,
Badiwala M, Mak S. Pericardial waffle
for effusive-constrictive pericarditis. ESC
Heart Fail 2020; 7: 3213–3214.

Effusive–constrictive pericarditis after pneumopericardium 781

ESC Heart Failure 2021; 8: 778–781
DOI: 10.1002/ehf2.13135



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


