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Abstract
Introduction: Inadequate nutritional support after mechanical circulatory device placement is known to

increase postoperative infections and to decrease survival. The extracorporeal membrane oxygenation

(ECMO) patients with complicated postoperative recovery may require long-term nutritional support using

percutaneous endoscopic gastrostomy (PEG) tube feeding. In this study, the feasibility of PEG procedure on

patients on ECMO was evaluated.

Methods: Between November 2010 and July 2012, 43 patients were placed on venoarterial or venovenous

ECMO for cardiogenic shock or severe respiratory failure. All of the long-term ECMO patients were

supported with tube feeding. Four patients underwent PEG tube placement for long-term nutritional support

while they were on ECMO. Procedure management consisted of cessation of anticoagulation 12 hours before

and 12 hours after procedure. Anticoagulation was continued while on ECMO. Data were retrospectively

analyzed to investigate complications related to the PEG placement.

Results: The studied patients consisted of two males and two females with a mean age of 55.597.9 years. The

interval of ECMO to PEG placement was a mean 16.894.2 days. The mean total length of ECMO support

for these patients was 22.795.6 days. PEG was successfully performed in the operating room or bedside in

all patients. There were no ECMO-device-related issues during or after the PEG procedure. There were

no postoperative short-term or long-term PEG-related complications, such as, acute gastric bleeding or

dislodgement of the PEG tube.

Conclusions: PEG placement for ECMO patients can be done without increasing the risk of device or

intra-abdominal organ injury with carefully coordinated efforts from both the intensive care team and

surgical services.
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Introduction

I
nadequate nutritional support after mechanical cir-

culatory device placement is known to increase

postoperative infections and mortality. Patients in

this intensive care setting are hypercatabolic, which

makes an emphasis on nutrition crucial. An enteral route

is preferred over parenteral to maintain gastrointestinal

integrity and to prevent morbidity directly related to par-

enteral support, such as parenteral nutrition-associated

liver disease, and infection (1, 2). Most hospital protocols

call for the placement of nasogastric tubes (NGTs) to

provide enteral access for nutritional support in patients

with these devices. NGTs have been linked to interrup-

tion of the lower esophageal sphincter, which can lead

to aspiration pneumonia, gastrointestinal bleeding, and

esophagitis (3). In patients requiring ventilator assistance,

higher rates of ventilator-associated pneumonia were

found among patients with NGTs vs. percutaneous

endoscopic gastrostomy (PEG) tubes (4). In addition,

repeated removal and re-insertion of the NGT may inflict

nasopharyngeal trauma, which may occasionally require

nasopharyngeal packing by otolaryngology specialty

service. This leads to interruption of crucial nutritional

support and leads to an increased risk of develop-

ing infection, which may further contribute other organ

failure. Compared to NGTs, PEG tube placement
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provides consistent nutritional support with less risk

of the above-mentioned complications and low risk of

procedure-related complications (5, 6).

In the past, there have been concerns about intra-

operative and postoperative gastrointestinal bleeding with

PEG placement in patients on constant anticoagulation

for life support devices, such as extracorporeal membrane

oxygenation (ECMO). Titrating an ECMO patient off

of anticoagulation for PEG placement raised concerns

for clotting and dysfunction of the ECMO device. The

ECMO patients with complicated postoperative recovery

may require long-term nutritional support using tube

feedings. Placement of a PEG in the ECMO patient

requires knowledge of the anticoagulation management.

In our institution, ECMO anticoagulation protocol was

established (7). Using this protocol, PEG placement was

performed in selected ECMO patients who required

long-term nutritional support. Current study was per-

formed to assess the feasibility of PEG procedure on the

patient on ECMO.

Methods
Between November 2010 and July 2012, 43 patients

underwent peripherally cannulated venoarterial or veno-

venous ECMO placement for cardiogenic shock or severe

respiratory failure in our institution with the end goal of

bridge to recovery, bridge to ventricular assist device, or

bridge to decision. Among them, 18 patients required

10 days or more of ECMO support. All of the long-term

ECMO patients were supported with tube feeding. Four

patients underwent PEG tube placement for long-term

nutritional support while they were on ECMO. Tube

feeding was held 6�8 hours prior to procedure. Other

procedure management consisted of cessation of anti-

coagulation 12 hours before and 12 hours after the

procedure. Procedure was performed either in the in-

tensive care unit or in the operating room, depending on

the previous history of abdominal surgery. An intensivist,

who was primarily taking care of the patient, was present

during the procedure. If the patients were considered to

be ventricular assist device candidates, the left mid

abdomen would be the preferred area for PEG because

the upper left quadrant would be occupied by the device

and the drive line. The location of the PEG stoma was

discussed with the cardiac surgeon, the abdominal sur-

geon, and the intensivist (Fig. 1). During the PEG pro-

cedure, one dose of short-acting muscular relaxant and

intravenous sedatives was administered. The procedure

was done in standard fashion. Anticoagulation was

restarted 12 hours after the procedure and continued

while on ECMO, aiming partial thrombin time (PTT) of

45�55 sec. Tube feed via PEG tube was restarted 6 hours

after procedure. Data were retrospectively analyzed to

investigate complications related to the PEG placement.

This study was approved by the internal review board.

Results
The studied patients consisted of two males and two

females with mean age of 55.597.9 years (Table 1). The

mean interval of ECMO to PEG placement was 16.89

4.2 days. The mean total length of ECMO support for

these patients was 22.795.6 days. All of the patients were

on tube feedings of some sort prior to PEG. One patient

had nasopharyngeal trauma from the transesophageal

echocardiography (TEE) requiring multiple transfusions

despite of lowering the anticoagulation goal. PEG was

Fig. 1. Illustration shows typical percutaneous gastrostomy (PEG) procedure on the patient on venoarterial: extracorporeal

membrane oxygenation (ECMO) on left (A), and PEG procedure on the patient with HeartMate II left ventricular assist device

(LVAD) on right (B). Prior PEG procedure, an intensivists draw line for the anticipate LVAD placement, which should not

overlap to the PEG stoma.
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successfully performed in the operating room or bedside

in all patients. There were no ECMO device issues related

to the PEG procedure. No additional membranous

oxygenator exchanges were required after temporally

stopping anticoagulation for the PEG procedure. There

were no postoperative short-term or long-term PEG-

related complications, such as, acute gastric bleeding or

dislodgement of the PEG tube. The prealbumin level

improved appropriately after PEG.

Discussion
Once bleeding complication occurs in ECMO patients,

medical management becomes a difficult, although not

impossible, task. Anticoagulation can be held short

period of time to control hemostasis; however, it is not

possible to completely stop anticoagulation while on

ECMO due to the risk of device clotting. This directly

causes hemodynamic and respiratory compromise.

All four patients were on ECMO for more than

5 days and required a steady, reliable source of nutritional

support. Parenteral nutrition remains an option but not

preferred over enteral nutrition. With parenteral nutri-

tion comes an increased risk of access site infection and

subsequent bacteremia and sepsis. In addition, some

patients on long-term parenteral nutrition may develop

parenteral nutrition-associated liver disease (2). Early

initiation of enteral support remains the goal. There has

been some concern over early initiation of enteral

nutritional support in patients on ECMO. Three studies

explored initiation of enteral support within the first

24�48 hours. Two studies showed tolerance of early

enteral feeding while on ECMO with no adverse effects

directly attributable to enteral feeding (8, 9).

In most settings, nutrition by NGT is standard, as long

as NGT access is established and maintained. One of the

many problems that arise in ECMO patients is the need

for repeated TEE to assess cardiac function. During

TEE, the NGT is removed to optimize imaging and is

reinserted after. Nasopharyngeal trauma could occur

after multiple blind instrumentations. Each of the four

patients in this study had some degree of the nasopha-

ryngeal trauma from the multiple instrumentations;

the team solved this problem with the use of PEG.

Even though PEG requires surgical intervention, it is

a relatively low-risk procedure, as long as surgical site

bleeding is kept under control (1). From our experience,

the most frequent sites of bleeding for ECMO patients

are surgical sites, including cannulation sites and recent

surgical sites (7). Anticoagulation regimens were de-

signed, as described above, to allow for PEG placement

without excessive risk of bleeding and/or clotting in the

ECMO device. Zero out of four patients suffered from

PEG-procedure-related complications.

All PEG procedures for the ECMO patients were

performed at the bedside with ECMO intensivists in theT
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room. Strict anticoagulation management allowed PEG

procedure to perform without complications and allowed

ECMO to continue to run safely.

Conclusions
PEG placement for ECMO patients can be done without

increasing the risk of device or intra-abdominal organ

injury with carefully coordinated efforts from both the

intensive care team and surgical services.

Conflict of interest and funding
There is no conflict of interest in the present study for any

of the authors.

References

1. McClave SA, Martindale RG, Vanek WV, McCarthy M, Roberts

P, Taylor B, et al. Guidelines for the provision and assessment of

nutrition support therapy in the adult critically ill patient: Society

of Critical Care Medicine (SCCM) and American Society for

Parenteral and Enteral Nutrition (ASPEN). JPEN J Parenter

Enteral Nutr 2009; 33: 277�316.

2. Xu ZW, Li YS. Pathogenesis and treatment of parenteral

nutrition-associated liver disease. Hepatobiliary Pancreat Dis

Int 2012; 11(6): 586�93.

3. Newton M, Burnham WR, Kamm MA. Morbidity, mortality,

and risk factors for esophagitis in hospital inpatients. J Clin

Gastroenterol 2000; 30: 264�9.

4. Kostadima E, Kaditis AG, Alexopoulos EI, Zakynthinos E,

Sfyras D. Early gastrostomy reduces the rate of ventilator-

associated pneumonia in stroke or head injury patients. Eur

Respir J 2005; 26: 106�11.

5. Park RH, Allison MC, Lang J, Spence E, Morris AJ, Danesh BJ,

et al. Randomized comparison of percutaneous endoscopic

gastrostomy and nasogastric tube feeding in patients with

persisting neurological dysphagia. BMJ 1992; 304(6839): 1406.

6. Payne KM, King TM, Eisenach JB. The technique of per-

cutaneous endoscopic gastrostomy. A safe and cost-

effective alternative to operative gastrostomy. J Crit Illn 1991;

6: 611�9.

7. Lamb K, Cowan S, Evans N, Pitcher H, Moritz T, Lazar M, et al.

Successful management of bleeding complications in patients

supported with extracorporeal membrane oxygenation with pri-

mary respiratory failure. Perfusion. 2012. [Epub ahead of

print].

8. Scott LK, Boudreaux K, Thaljeh F, Grier LR, Conrad SA. Early

enteral feeding in adults receiving venovenous extracorporeal

membrane oxygenation. JPEN J Parenter Enteral Nutr 2004; 28:

295�300.

9. Lukas G, Davies AR, Hilton AK, Pellegrino VA, Scheinkestel

CD, Ridley E. Nutritional support in adult patients receiving

extracorporeal membrane oxygenation. Crit Care Resusc 2010;

12: 230�4.

*Hitoshi Hirose
Department of Surgery
Division of Cardiothoracic Surgery
Thomas Jefferson University
1025 Walnut Street, Room 605
Philadelphia, PA 19107, USA
Tel: �215-955-5654
Fax: �215-955-6010
Email: Hitoshi.Hirose@jefferson.edu

Ryan Cobb et al.

4
(page number not for citation purpose)

Citation: Mechanical Circulatory Support 2013, 4: 20093 - http://dx.doi.org/10.3402/mcs.v4i0.20093

http://www.mechanicalcirculatorysupport.net/index.php/mcs/article/view/20093
http://dx.doi.org/10.3402/mcs.v4i0.20093


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 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 /MediumResolution
      >>
      /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


