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Abstract
Pulmonary hypertension is commonly seen with multiple complex disorders managed in the intensive care unit. Common
causes of pulmonary hypertension in critically ill patients include severe hypoxia, sepsis, left ventricular failure, massive
pulmonary emboli, drugs, and worsening of chronic pulmonary hypertension, among others. Reversible pulmonary
hypertension is rare and it has been reported with mediastinal involvement of sarcoidosis and in critically ill patients with
severe acute chest syndrome. We present a 43-year-old male who was admitted with acute-onset shortness of breath. A
massive right-sided pleural effusion and left-sided pneumonia was found on chest roentgenogram. Echocardiogram showed
severe pulmonary hypertension with normal left ventricular function. Patient was treated for presumptive pneumonia and
underwent pleural fluid drainage. An echocardiogram repeated after removal of pleural fluid showed resolution of pulmonary
hypertension. We hypothesize that the large pleural effusion produced mechanical compression of mediastinal and pulmonary
vessels leading to severe pulmonary hypertension, which reversed upon drainage of pleural effusion. This has both diagnostic
and management implications.
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Case Report

A 43-year-old Hispanic male was admitted to the intensive

care unit (ICU) with worsening shortness of breath and

decreased exercise tolerance of 2-day duration. He denied

cough, fever, or constitutional symptoms. His medical history

was remarkable for alcohol-induced liver cirrhosis and hyper-

tension on no medications. Social history was significant only

for chronic alcohol use. On examination, the patient was afeb-

rile, tachypneic (respiratory rate of 24/minutes), and hypoxic

(oxygen saturation of 80% on ambient air, which improved to

95% with supplemental oxygen). There were decreased breath

sounds in the right hemithorax. Cardiovascular and neurolo-

gical examinations were normal. There was mild ascites on

abdominal examination and no extremity edema.

Pertinent laboratory parameters can be seen in Table 1.

Chest roentgenogram (CXR) showed complete opacification

of the right hemithorax and infiltrates in the left upper lobe

(Figure 1). Patient was started on intravenous piperacillin–

tazobactam, vancomycin, and doxycycline for pneumonia. In

addition, thiamine, folic acid, and multivitamins were added.

Thoracentesis of right-sided pleural effusion with pig tail

insertion was performed; pleural fluid was consistent with

transudative effusion likely due to hepatic hydrothorax.

Abdominal paracentesis showed ascitic fluid to be consistent

with portal hypertension.

Echocardiogram performed on hospital admission

revealed normal ejection fraction, elevated right atrial pres-

sure (15 mm Hg), and severe pulmonary hypertension (PH)

with a right ventricular systolic pressure (RVSP) of 68.88

mm Hg (Figure 2A) and a tricuspid regurgitation (TR) jet

velocity of 3.67 m/s. Patient had a pleural fluid drainage of

1 to 1.5 L/d. During admission, cultures obtained using

fiberoptic bronchoscopy with bronchoalveolar lavage were

negatives for bacterial, fungal, viral infections, and

tuberculosis.
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Echocardiogram done 6 months prior to admission was

normal with no evidence of elevated right-sided pressures

(Figure 2B). Repeat echocardiogram after removal of around

8 L of pleural fluid showed resolution of PH with an RVSP of

29.89 mm Hg and a TR velocity of 2.23 m/s (Figure 2C).

Repeated CXR showed complete resolution of the right-

sided pleural effusion (Figure 3). Oxygen requirement during

his ICU stay ranged from 0.35% to 0.45% to maintain a PaO2

of 70 to 100 mm Hg.

His hospital course was complicated with acute respira-

tory failure requiring mechanical ventilation, acute renal

failure, and septic shock due to Acinetobacter pneumonia.

As per family wishes, palliative care was instituted and the

patient died 37 days after admission.

Table 1. Pertinent Laboratory Parameters.

Laboratory Parameters Day 1 Day 4 Day 27 Day 37

Hemoglobin, g/dL 11.7 11.2 8.9 8.4
WBC, K/mL 12.3 7.5 12.8 18.3
Platelets, K/mL 85 61 48 33
Albumin, g/dL 2.8 2.5 3.3 3.4
Total bilirubin, mg/dL 10.7 9.8 25.8 34.5
Direct bilirubin, mg/dL 6.4 6.5 16.9 26.7
Creatinine, mg/dL 0.3 0.5 1.8 8.2
International normalized

ratio
1.8 2.4

PaO2, mm Hg 143 75.3 146 216
proBNP 122
Urine toxicology Cannabinoids
Iron, mg/dL 108

Abbreviations: proBNP, pro–B-type natriuretic peptide; WBC, white
blood cell.

Figure 1. Chest Xray on admission showing massive right pleural
effusion and left sided infiltrates.

Figure 2. A, Transthoracic echocardiogram, parasternal short-
axis view (at admission), showing left ventricle (LV), right ventricle
(RV), and D-shaped deviation of interventricular septum (IVS)
consistent with RV strain. B, Transthoracic echocardiogram, para-
sternal short-axis view (done 6 months prior to the admission),
showing LV, RV, and IVS. C, Transthoracic echocardiogram, para-
sternal short-axis view (postdrainage of massive pleural effusion),
showing LV, RV, and disappearance of previously seen D-shaped
deviation of IVS.
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Discussion

There are multiple causes of PH in critically ill patients.1 The

most common etiologies are left ventricular dysfunction or

left ventricular failure due to congestive heart failure, myo-

cardial infarct, severe valvular disease, or new-onset or wor-

sening of previous PH. Acute respiratory distress syndrome,

sepsis, drugs, and massive pulmonary emboli have also been

implicated.

Hypoxia-producing hypoxic pulmonary vasoconstriction

is a well-described phenomenon. Dorrington et al studied the

patients exposed to hypoxia in a hyperbaric chamber while

measuring their pulmonary vascular resistance (PVR) with a

pulmonary vascular catheter. They found more than 2-fold

increase in PVR within few hours of hypoxic exposure,

which reversed on normoxia.2 Our patient had transient

hypoxia, which was rapidly corrected, so it will not explain

the severe PH.

Sepsis causing PH in critically ill patients is not unusual.3

Sibbald et al found increased pulmonary pressures in patients

with sepsis compared with control, and the likelihood

increased with prolonged and uncontrolled sepsis. Our

patient developed sepsis with septic shock later during the

hospital course, and at that time, his echocardiogram was

normal.

Reversible PH has been reported secondary to acute chest

syndrome, cocaine use, thiamine, and deficiency of vitamin

C and iron.4-6 Mekontso Dessap et al reported PH in 60% of

patients with acute chest syndrome, which resolved with

resolution of the crisis. Reduced nitric oxide availability due

to hemolysis has been postulated as mechanism of the sickle

cell vasculopathy.7

Pulmonary hypertension and right-sided heart failure

secondary to thiamine deficiency, which resolved after

therapeutic trial of thiamine for 2 weeks, have been reported.

This was likely due to elevated left ventricular end-diastolic

pressure.4 Although thiamine deficiency might have been

coexistent in our patient, he had no signs of left ventricular

dysfunction, making thiamine deficiency unlikely. There are

cases of vitamin C deficiency with iron deficiency associated

with reversible PH.5 The mechanism for PH in patients with

deficiency of vitamin C and iron is pulmonary vasoconstric-

tion due to uncontrolled hypoxia-inducible factor (HIF),

which controls the body response to hypoxia; HIF activity

depends on oxygen-dependent prolyl hydroxylases. Prolyl

hydroxylase requires vitamin C and iron as cofactors. Our

patient had normal iron levels, no evidence of cocaine use,

and no indication of vitamin C deficiency.

Portopulmonary hypertension develops in patients with

cirrhosis due to shear stress of pulmonary vasculature, lead-

ing to obstructive vasculopathy.8 Pulmonary hypertension is

found in 1% to 6% of patients with portal hypertension and

is associated with high mortality.9 Our patient had

advanced liver cirrhosis, but he had a normal echocardio-

gram 6 months prior to admission and the PH resolved,

making portopulmonary hypertension an unlikely etiology

for the transient PH.

Extrinsic compression of pulmonary vessels leading to

PH has been reported only in sarcoidosis.10,11 These reports

suggest that granulomatous inflammation of mediastinal

lymph nodes and fibrosis causes extrinsic compression of

major pulmonary artery causing PH.

Several studies have shown the impact of pleural effusion

on the right side of the heart. Patients with large pleural

effusion (right or left) can present with signs and symptoms

of pericardial tamponade due to the transmission of the ele-

vated pleural pressure to the heart.12 Chidambaram et al

reported echocardiogram evaluation of 40 patients with large

pleural effusions before and after thoracentesis. Respiratory

flow velocity variations typical of cardiac tamponade were

detected in 85% of patients. Good mediastinal compliance or

variations in volume of interventricular compartments were

thought to be the mechanism to prevent development of

tamponade physiology.13 Animal studies showed that large

bilateral pleural effusion in the presence of an otherwise

insignificant pericardial effusion could result in right ventri-

cular diastolic collapse and elevated pulmonary pressures.14

In our patient, we hypothesize that the massive right-sided

pleural effusion resulted in extrinsic mechanical compres-

sion of the lung parenchyma and major pulmonary artery

leading to elevated pulmonary pressures.

Conclusion

Extrinsic compression from massive right-sided pleural effu-

sion may lead to reversible PH. In patients with liver cirrhosis

and large hepatic hydrothorax, the presence of PH can be

erroneously attributed to portopulmonary hypertension, which

carries a grim prognosis. We suggest to evaluate for reversible

causes of PH and to repeat the echocardiogram after pleural

Figure 3. Chest Xray showing resolution of right pleural effusion
and pigtail catheter.
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fluid drainage. This approach could minimize extensive

workup and avoid attributing the PH to liver disease. This has

prognostic as well as management implications.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect

to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Tsapenko MV, Tsapenko AV, Comfere TB, Mour GK, Mankad

SV, Gajic O. Arterial pulmonary hypertension in noncardiac

intensive care unit. Vasc Health Risk Manage. 2008;4(5):

1043-1060.

2. Dorrington KL, Clar C, Young JD, Jonas M, Tansley JG, Rob-

bins PA. Time course of the human pulmonary vascular

response to 8 hours of isocapnic hypoxia. Am J Physiol.

1997;273(3 pt 2):H1126-H1134.

3. Sibbald WJ, Paterson NA, Holliday RL, et al. Pulmonary

hypertension in sepsis: measurement by the pulmonary arterial

diastolic-pulmonary wedge pressure gradient and the influence

of passive and active factors. Chest. 1978;73:583-591.

4. Park JH, Lee JH, Jeong JO, Seong IW, Choi SW. Thiamine

deficiency as a rare cause of reversible severe pulmonary

hypertension. Int J Cardiol. 2007;121(1):e1-e3.

5. Kupari M, Rapola J. Reversible pulmonary hypertension asso-

ciated with vitamin C deficiency. Chest. 2012;142(1):225-227.

6. Collazos J, Martı́nez E, Fernández A, Mayo J. Acute, reversible

pulmonary hypertension associated with cocaine use. Respir

Med. 1996;90(3):171-174.

7. Mekontso Dessap A, Leon R, Habibi A, et al. Pulmonary

hypertension and cor pulmonale during severe acute chest syn-

drome in sickle cell disease. Am J Respir Crit Care Med. 2008;

177(6):646-653.

8. Saleemi S. Portopulmonary hypertension. Ann Thorac Med.

2010;5(1):5-9.

9. Kawut SM, Taichman DB, Ahya VN, et al. Hemodynamics and

survival of patients with portopulmonary hypertension. Liver

Transpl. 2005;11(9):1107-1111.

10. Sexton P, Wilsher M, Milne D. Pulmonary hypertension in

sarcoidosis, caused by extrinsic compression of major

pulmonary vessels. Respir Med CME. 2010;3(2):118-119.

11. Damuth TE, Bower JS, Cho K, Dantzker DR. Major pulmonary

artery stenosis causing pulmonary hypertension in sarcoidosis.

Chest. 1980;78(6):888-891.

12. Kaplan LM, Epstein SK, Schwartz SL, Cao QL, Pandian

NG. Clinical, echocardiographic, and hemodynamic

evidence of cardiac tamponade caused by large pleural

effusions. Am J Respir Crit Care Med. 1995;151(3 pt 1):

904-908.

13. Chidambaram S, Sangareddi V, Ganesan G, et al. An echocar-

diographic assessment of cardiovascular hemodynamics in

patients with large pleural effusion. Ind Heart J. 2013;65(6):

666-670. doi:10.1016/j.ihj.2013.10.013.

14. Vaska K, Wann LS, Sagar K, et al. Pleural effusion as a cause

of right ventricular diastolic collapse. Circulation. 1992;86(2):

609-617.

Author Biographies

Rashmi Mishra, MD is a second pulmonary fellow at Bronx

Lebanon Hospital Center in the Division of Pulmonary and

Critical Care at Bronx Lebanon Hospital Center, Bronx, NY.

Muhammad Adrish, MD in an attending physician at Bronx

Lebanon Hospital Center in the Division of Pulmonary and

Critical Care at Bronx Lebanon Hospital Center, Bronx, NY.

Omesh Toolsie, MD is an internal medicine resident at

Bronx Lebanon Hospital Center in the Department of Med-

icine at Bronx Lebanon Hospital Center, Bronx, NY.

Gilda Diaz-Fuentes, MD is Chief of division of pulmonary

and Critical Care at Bronx Lebanon Hospital Center at Divi-

sion of Pulmonary and Critical Care at Bronx Lebanon Hos-

pital Center, Bronx, NY.

4 PLEURA



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


