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artery microcatheter for focused enterectomy in
the treatment of a bleeding small intestinal
arteriovenous malformation
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Abstract

Introduction: Obscure gastrointestinal bleeding from the small intestine may present the Acute Care Surgeon with
a formidable diagnostic and therapeutic challenge. Despite the current array of diagnostic studies, localization of
the causative pathology may be elusive, especially when the bleeding is intermittent. When a small intestinal
arteriovenous malformation is the responsible lesion, a technique combining super-selective angiography with
intra-operative methylene blue injection and focused enterectomy has been described in a number of case series.
The current case report utilizes this same approach with emphasis on computed tomography angiography
representing a key first step in the diagnostic algorithm.

Case report: In this case report, we describe the diagnosis and treatment of obscure gastrointestinal bleeding
emanating from an arteriovenous malformation in the small intestine of a 52 year old male. After an extensive
work-up including upper and lower endoscopy, double balloon enteroscopy and capsule endoscopy, he was
referred for computed tomography angiography. Though he was not actively bleeding, a jejunal arteriovenous
malformation was localized on imaging. This prompted directed transfemoral angiography, placement of a
super-selective microcatheter in the 4th jejunal arterial branch, intra-operative methylene blue injection and focused
enterectomy with pathological confirmation. The patient was found to be free of gastrointestinal bleeding on
6 month follow-up.

Conclusions: A step-wise, rational diagnostic approach should be utilized in the evaluation of obscure gastrointestinal
bleeding. In the non-actively bleeding patient, computed tomography angiogram may facilitate the diagnosis of a
small intestinal arteriovenous malformation. Methylene blue injection via a super-selective angiographic microcatheter
may then allow for focused enterectomy.
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Figure 1 CTA - Coronal reconstruction with a slab of 1 cm.
Abnormal vessel (AVM) (arrow) from a small jejunal branch of SMA.
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Introduction
Gastrointestinal (GI )bleeding from the small intestine
remains a formidable diagnostic and therapeutic chal-
lenge for the Acute Care Surgeon. This is secondary to
its length and mobility, as well as relative inaccessibility
[1]. While the stomach, duodenum, and colon are com-
paratively fixed in location and evaluable by means of
conventional upper and lower endoscopy, the diagnosis
of bleeding from the jejunum and ileum may require a
series of alternative tests. This may include, but not lim-
ited to, small bowel enteroscopy, double balloon entero-
scopy, capsule endoscopy, nuclear medicine bleeding
scan, computed tomography angiography (CTA), inva-
sive angiography, or exploratory laparotomy with intra-
operative enteroscopy.
In a landmark paper in 1978, Fogler and Golembe de-

scribed the injection of methylene blue through direct
cannulation of the superior mesenteric artery in the
operating theater, guided by preoperative angiographic
findings of an arteriovenous malformation (AVM) in the
proximal jejunum. A segment of small bowel measuring
10 cm which cleared the blue dye rapidly while the color
remained in proximal and distal segments was presumed
to contain the pathological AVM. Though this was not
demonstrated on pathology, the patient remained free of
GI bleeding on 6 month follow-up [2].
From this highly invasive and non-selective approach,

several refinements on this technique have been pio-
neered over the years to result in a less invasive and
more focused surgical resection in the treatment of GI
bleeding from the small intestine [3-8]. In this report,
we describe how pathological findings on CTA in a non-
actively, obscure GIB patient prompted super-selective
angiographic catheter placement and, ultimately, limited
enterectomy directed by intra-operative methylene blue
injection.

Case report
The patient is a 52 year-old male with past medical
history significant for coronary artery disease, hyperli-
pidemia, gout and obesity. He had undergone cardiac
catheterization and stent placement 4 years ago and con-
tinued on anti-platelet therapy with aspirin and Plavix.
Two years prior to current presentation, he underwent
work-up for melanotic stools with upper, lower and cap-
sule endoscopy. He was diagnosed at that time with duo-
denitis, attributed to Arcoxia, a COX-2 inhibitor he had
been prescribed for treatment of gouty arthritis, with
likely synergistic effect due to concomitant aspirin in-
take. Past surgical history was notable for laparoscopic
sleeve gastrectomy earlier this year with resultant 35
kilogram weight loss.
His current presentation was marked by intermittent

melanotic stools, fall in hemoglobin to a low of 7.3 g/dl
and orthostatic symptoms. He was resuscitated and re-
quired a blood transfusion. Nasogastric tube placement
did not reveal evidence of bleeding. Further work-up in-
cluded upper and lower endoscopy which failed to reveal
the source of bleeding. Capsule endoscopy, however,
showed active bleeding localized to the jejunum, which
prompted small bowel enteroscopy, which failed to show
pathology to a depth of 160 cm. This was followed by
double balloon enterosopy to a depth of 2m reaching
the ileum. Again, this was negative for any responsible
lesions. At this time, we elected to perform CTA of the
abdomen both to exclude a mass lesion and attempt to
localize a possible AVM. Of note, the patient was not
experiencing any active bleeding at this time.
In the selected cut from his CTA (Figure 1), an ectatic,

antimesenteric blood vessel was noted adjacent to a loop
of jejunum in the left side of the abdomen. This appeared
to be an anomalous AVM as evidenced by early filling of
an associated vein on arterial phase. Also notable was the
finding of replaced left and right hepatic arteries. Given
the CTA findings, he was referred for angioembolization.
During this procedure, the visualized fourth jejunal branch
from the superior mesenteric artery appeared to give rise
to the AVM seen on CTA (Figure 2). This was cannulated
distally with a super-selective 2.7 Fr microcatheter, but
the lesion was not amenable to embolization given ro-
bust collateralization. The decision was made to leave
the micro-angiocatheter in-situ to facilitate intraoperative



Figure 2 Transfemoral angiography - selective injection of 4th
jejunal branch through a 2.7 Fr microcatheter.

Figure 3 Intraoperative demonstration of methylene blue
staining of affected small bowel segment containing the AVM.
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identification of the small intestinal AVM. The sheath and
catheter were secured at the groin entry site, 2500 units of
heparin were administered intravenously and the patient
was transported directly to the operating theater.
A limited midline incision was utilized to gain access

into the peritoneal cavity and expose the small intestine.
Two mL of dilute methylene blue were then injected via
the super-selective angiographic microcatheter, imme-
diately staining a 10 cm segment of the distal jejunum
and corresponding mesentery (Figure 3). A segmental
small bowel resection was performed. The patient had
an unremarkable post-operative course and pathology
demonstrated angiodysplasia in the small bowel segment
with clean margins. At 6 month telephone follow-up the
patient is doing well and denies any further episodes of
melena.

Discussion
Obscure GI bleeding has been defined as bleeding which
persists or recurs after upper and lower endoscopy and
radiographic evaluation of the small bowel. Comprising
up to 5% of cases of GI bleeding with 75% of them local-
izing to the small intestine [9], these patients may re-
quire multiple blood transfusions and be subject to a
battery of repeat diagnostic studies before definitive
diagnosis is accomplished. The most likely etiologies are
broken down by age group. In patients younger than 40,
the most likely lesions include Meckel’s diverticulum, in-
flammatory bowel disease, or a small bowel tumor such
as a gastrointestinal stromal tumor (GIST), lymphoma,
carcinoid, polyp or adenocarcinoma. In contrary, pa-
tients older than 40 are most likely to have bleeding
from vascular anomalies, erosions or NSAID-related ul-
cerations. Overall, vascular lesions comprise 40% of all
causes [10].
Two years after Fogler and Golembe’s description of

open cannulation of the superior mesenteric artery,
Athanasoulis and colleagues in 1980 described the place-
ment of super-selective angiographic catheters and intra-
operative methylene blue injection to localize and treat
two patients with AVMs and one with ulcerations in the
small intestine [3]. Refinements on the technique have
been described in subsequent reports which have paral-
leled advancement in angiographic methods, including
provocative angiography with fibrinolytic agents [4-8].
From these reports, several guiding principles can be

elucidated. When the AVM is localized on angiography,
the most distal arterial tributary should be cannulated by
a microcatheter and safely secured for transport. This
can be done in the angiography suite or a hybrid operating
theater. Following this the small bowel must be exposed
either via a limited midline laparotomy or laparoscopy
before injection of methylene blue. The limited segment
of small bowel, usually 10cm or less is readily identified
and resected with pathological confirmation. Clinical
success is confirmed by long-term follow up.
After a careful review of the literature, this report rep-

resents the first case in the utilization of CTA in the
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diagnosis of a non-actively bleeding small bowel AVM
which then enabled focused angiography and subsequent
limited enterectomy. The CTA demonstrated the abnor-
mality in the left-sided, proximal jejunum which corre-
sponded to the 4th jejunal branch by transfemoral
angiography. Not only did this spare the patient additional
contrast load, it may have not been localized, or required
provocative angiography, with its inherent risks, if not for
the pathological finding on CTA. As the quality of the
CTA has improved with new generation scanner tech-
nology, this diagnostic study should be considered in the
work-up of the non-actively, obscure GI bleeding patients,
with a focus on small bowel lesions and AVMs. Further
study is warranted to truly gauge its sensitivity and specifi-
city in this patient population.

Consent
Written informed consent was obtained from the patient
for publication of this Case Report and any accompanying
images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

Competing interests
The authors do not have any financial or non-financial competing interests
to declare.

Authors’ contributions
Study concept and design: JF, HB, YK. Acquisition of data: JF, HB, ML, AO.
Analysis of data: JF, HB, ML, AO, YK. Drafting of manuscript: JF. Critical
revision of manuscript: YK. Study supervision: AO, YK. All authors read and
approved the final manuscript.

Author details
1Department of General Surgery, Rambam Health Care Campus, P.O. B 9602,
31096 Haifa, Israel. 2Depatment of Radiology, Rambam Health Care Campus,
P.O. B 9602, 31096 Haifa, Israel.

Received: 23 January 2014 Accepted: 9 February 2014
Published: 19 February 2014

References
1. Lau WY, Wong SY, Ngan H, Fan ST, Wong KK: Intra-operative localization

of bleeding small intestinal lesions. Br J Surg 1988, 75:249–251.
2. Fogler R, Golembe E: Methylene blue injection: An intraoperative guide in

small bowel resection for arteriovenous malformation. Arch Surg 1978,
113:194–195.

3. Athanasoulis CA, Moncure AC, Greenfield AJ, Ryan JA, Dodson TF:
Intraoperative localization of small bowel bleeding sites with combined
use of angiographic methods and methylene blue injection. Surgery
1980, 87(1):77–84.

4. McDonald ML, Farnell MB, Stanson AW, Ress AM: Preoperative highly
selective catheter localization of occult small-intestinal hemorrhage
with methylene blue dye. Arch Surg 1995, 130:106–108.

5. Schechter S, Deorchis D, Bass J, Marcoux DA: Angiographic selective
methylene blue staining of an occult small-bowel arteriovenous
malformation. Am Surg 2002, 68:15–17.

6. Stauffer JA, Shaddix KK, Achem SR, Stark M, Adelson A, Metzger PP,
Landmann RG: Intra-operative use of super-selective or highly selective
angiography with methylene blue injection to localize arterial-venous
malformation. Colorectal Dis 2011, 13(4):e65–e66.

7. Gifford SM, Peck MA, Reyes AM, Lundy JB: Methylene blue enteric mapping
for intraoperative localization in obscure small bowel hemorrhage:
report of a new technique and literature review. J Gastrointest Surg 2012,
16:2177–2181.
8. Pai M, Frampton AE, Virk JS, Nehru N, Kyriakides C, Limongelli P, Jackson JE,
Jiao LR: Preoperative super selective mesenteric angiography and
methylene blue injection for localization of obscure gastrointestinal
bleeding. JAMA Surg 2013, 148(7):665–668.

9. Tee HP, Kaffes AJ: Non-small-bowel lesions encountered during
double-balloon enteroscopy performed for obscure gastrointestinal
bleeding. World J Gastroenterol 2010, 16(15):1885–1889.

10. Raju GS, Gerson L, Das A, Lewis B: American Gastroenterological
Association (AGA) institute medical position statement on obscure
gastrointestinal bleeding. Gastroenterology 2007, 133(5):1694–1696.

doi:10.1186/1749-7922-9-17
Cite this article as: Frydman et al.: Methylene Blue injection via superior
mesenteric artery microcatheter for focused enterectomy in the
treatment of a bleeding small intestinal arteriovenous malformation.
World Journal of Emergency Surgery 2014 9:17.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Case report
	Conclusions

	Introduction
	Case report
	Discussion
	Consent
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


