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Abstract Alveolar capillary dysplasia (ACD), which is a

rare and lethal congenital pulmonary anomaly found in

newborns, begins its onset or causes deterioration of the

infant’s condition some time after birth. Various congenital

anomalies in combination with ACD have been reported,

except for subglottic stenosis. Therefore, we aim to report a

novel association in a case of ACD with the combination of

atypical duodenal atresia and subglottic stenosis. The male

infant was scheduled for duodeno-duodenostomy because a

double-bubble sign was observed on a chest radiograph. He

arrived at the operating theater without any symptoms.

After induction of general anesthesia, although mask ven-

tilation was performed without difficulties throughout the

entire procedure, oxygen saturation values of the upper and

lower extremities dissociated after several attempts of

intubation. Surgery was canceled because of instability of

the respiratory condition. Respiratory insufficiency wors-

ened progressively, and the infant died at 5 days of age. An

autopsy confirmed ACD and revealed cartilaginous sub-

glottic stenosis, which had made intubation difficult. This

report highlights the hazards of the onset and worsening of

ACD, and the importance of thorough echocardiography

before surgery when atypical duodenal atresia is suspected.

Anesthesiologists should also be prepared for the difficulty

of intubation.
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Introduction

In the pediatric field, several diseases begin their onset or

cause deterioration of the infant’s condition some time

after birth. Alveolar capillary dysplasia (ACD), which is a

rare but lethal congenital pulmonary anomaly found in

newborns, is also one of these diseases. ACD is clinically

associated with persistent pulmonary hypertension of the

neonate (PPHN) [1]. Histopathologically, dysplasia of the

alveolar walls and capillaries with/without misalignment of

pulmonary vessels is observed [2]. Ever since its first report

by Janney et al. [2] in 1981, only about 100 cases have

been reported in the literature together with other abnor-

malities [3–6]. However, subglottic stenosis has not been

reported. To date, in the anesthesia literature, ACD has not

been reported and is poorly understood despite the fact that

ACD is a life-threatening disease and important for

anesthesiologists.

In this paper, the authors describe the anesthetic pre-

cautions for a patient with atypical duodenal atresia and

discuss the potential difficulties in intubation due to airway

abnormalities associated with ACD.

Case report

The patient was diagnosed prenatally with duodenal atresia

by fetal ultrasonography at 31 weeks of gestation because

of polyhydramnios. Two thousand milliliters of amniotic

fluid was drained at 32 weeks of gestation. Genetic testing

of the fetus by FISH was normal. The male infant was

delivered vaginally at 37 weeks of gestation with a body

weight of 2,528 g and height of 49 cm. At 1 and 5 min, his

APGAR scores were 9 and 9, respectively. Since duodenal

atresia was suspected after birth, the patient was transferred
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to our hospital. A chest radiograph showed slight hyper-

lucency with normal cardiac size. No abnormal cardiac

physical findings, including hypoxia, stridor, tachypnea,

tachycardia, and cardiac murmurs, were observed. Because

echocardiography performed at the previous hospital

reported no abnormalities except patent ductus arteriosus,

additional preoperative echocardiography was not per-

formed. Abdominal radiograph showed large gastric dila-

tation. Although the typical double-bubble sign was not

observed, duodenal atresia was confirmed following upper

gastrointestinal barium study. Therefore, duodeno-duode-

nostomy was planned. There were no dysmorphic external

features.

The patient arrived at the operating theater at 5.5 h of

age. He showed normopnea with normal ausculatory find-

ings, while oxygen saturation was 97% on room air. An

orogastric tube had already been placed. Atropine

0.025 mg was given IV. General anesthesia was induced

with thiamylal. Laryngoscopy was facilitated with vecu-

ronium. Twenty minutes after induction and following four

attempts at intubation, oxygen saturation gradually

decreased to 85 in 100% oxygen despite the fact that the

lungs were easy to ventilate. A capnogram was used the

entire time and showed endotidal CO2 during the mask

ventilation. Since oxygen saturation in the lower extremi-

ties (80%) was less than in the upper extremities (91%), a

patent ductus arteriosus (PDA) and possible pulmonary

hypertension were suspected. A 2.5-mm ID (3.5-mm OD)

tracheal tube was attempted at first, but could not pass the

cricoid ring. A serially smaller diameter 2.0-mm ID (3.0-

mm OD) tracheal tube (Portex blue line, Kent, UK) was

passed through the cricoid ring, but only with effort. Even

with this size, moderate resistance at intubation was noted.

There was no air leakage. Since subglottic stenosis in the

full-term infant is defined as a subglottic airway diameter

of less than 4 mm at the level of the cricoid cartilage [7], a

clinical diagnosis of subglottic stenosis was established in

this patient. Surgery was canceled because positioning for

surgery or slight compression to the abdomen caused

depression of oxygen saturation. The patient left the

operating theater when oxygen saturation in the upper

extremities could be maintained at 98 in 48% oxygen.

Further investigation of causative factors of PPHN was

planned.

Lung biopsy was not feasible due to the critical condi-

tion. However, the clinical features and the results of

echocardiography—the narrowing of the pulmonary

artery—suggested ACD. Echocardiography during mask

ventilation and just after intubation revealed that the esti-

mated pulmonary artery pressure was 38 mmHg, whereas

the systemic systolic blood pressure was 40–50 mmHg.

Several drug therapies were started in the NICU. However,

inhaled nitric oxide (NO) therapy was effective only

transiently, and other medications including prostacyclin

(prostaglandin I2, PGI2) and isoproterenol were ineffective.

Extracorporeal membrane oxygenation (ECMO) was not

performed because it has been known that patients with

suspected disease cannot be weaned from ECMO and this

would just prolong the course [7]. Respiratory insufficiency

worsened progressively, and the infant died at 5 days of

age. An autopsy revealed dysplasia of the alveolar walls

and capillaries with misalignment of the pulmonary ves-

sels. Paradoxical dilatation of the duodenum and cartilag-

inous subglottic stenosis were also observed.

Discussion

Although the combination of duodenal atresia and sub-

glottic stenosis has been reported [8], the addition of ACD

leading to oxygenating difficulties precluded continuing

the surgery. In the presence of PPHN and a PDA, the

former refractory to medical management, the risk of

desaturation and frank hypoxia together with a potentially

escalating acidosis presented insurmountable challenges to

manage during surgery. In order to stabilize the neonate’s

condition, surgery was canceled, and the child’s medical

condition was assessed further for treatment and prognosis

by the neonatologists. Ever since its first report [2], various

kinds of congenital anomalies in combination with ACD

have been reported, such as cardiovascular anomalies,

genitourinary tract malformations, and gastrointestinal

abnormalities [6]. To the best of our knowledge, however,

subglottic stenosis has never been associated with ACD. At

the same time, this is the first report of a patient with ACD

in the anesthetic literature.

ACD can be differentiated from idiopathic PPHN by the

following characteristics in the former: (1) no predisposing

factors, including asphyxia, prematurity and infection; and

(2) there is a latent period from birth to the onset of the

disease with a mean duration of 48 h, namely, a ‘honey-

moon period’ in the former [2, 9]. Michalsky et al. [10]

reported that 75% of ACD patients had normal APGAR

scores but deteriorated 1.5 h to 30 days after birth. If it was

before onset time, patients would have seemed normal by

the time they arrived at the operating theater. This time lag

can be a pitfall to anesthesiologists without experience of

this disease. Anesthesiologists may not be aware that the

patient’s condition is so severe that it can be fatal. Fur-

thermore, its rarity makes it more difficult to diagnose or

suspect ACD during induction of anesthesia. Since we

applied oxygen saturation monitors on both the upper and

lower extremities and the neonatologist who had previ-

ously diagnosed ACD attended at the operating theater, it

did not take us long to suspect ACD. Although combina-

tion therapy of inhaled NO and intravenous PGI2 has been
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reported effective to reduce persistent pulmonary hyper-

tension in ACD [11], its effectiveness was only transient,

and the patient ultimately died. None of the therapies,

including NO, PGI2, and even invasive ECMO, have been

effective so far to save patients with ACD [2–6]. It seems

that lung transplantation is the only effective therapy [12].

However, it would be very difficult to diagnose correctly

and find a donor under such an urgent circumstance.

Before the development of PPHN, there are no known

data highly indicative of ACD. We speculate the atypical

dilatation of the distal blind end in duodenal atresia might

be a clue in the diagnosis of ACD. Two reasons can be

proposed. First, Usui et al. [5] previously reported three

cases of ACD with the same findings. While Haraida et al.

[13] speculated that intestinal dysmotility caused the

dilatation, Usui et al. suggested blood flow disturbance as

a relevant cause of duodenal atresia and ACD since there

was no intestinal dysfunction or histologic abnormality in

their cases. In our case, although functional abnormality

was not confirmed because the correction of duodenal

atresia could not be done, a histologic abnormality was not

found. Second, embryologically, the duodenum, laryngeal

cartilage, and lung commence to develop around the 4th–

5th weeks from the endoderm, the 4th and 6th branchial

arches, and the lung bud (6th branchial arch), respectively

[14]. Abnormal vasculogenesis in the organogenesis per-

iod might have disturbed blood flow, resulting in peri-

stalsis dysfunction of the distal blind end of the fetal

duodenum accompanied by a paradoxical dilatation and

misalignment of pulmonary vessels, and subglottic

stenosis.

Jacobs et al. [15] reported that as much as 67% of infants

with pulmonary artery hypertension have airway obstruc-

tion including subglottic stenosis, tracheobronchomalacia,

and laryngomalacia. Therefore, difficulty in mask ventila-

tion or intubation would be encountered frequently in these

patients. Subsequent use of a venous catheter through the

oral cavity or cricoid membrane [16], or emergency tra-

cheostomy may be required.

Anesthesia in emergency pediatric cases is often jeop-

ardized by undiagnosed abnormalities. Although there may

be an argument for performing a preoperative echocardi-

ography on neonates without abnormal cardiac physical

findings, we strongly recommend it if duodenal atresia with

an atypical bubble sign is suspected. At the same time,

airway assessment by ultrasonography may be of help in

case of subglottic stenosis. Special caution should be

exercised in cases of atypical duodenal atresia.
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Müller-Höcker J, Löhrs U. Congenital alveolar capillary dys-

plasia: rare cause of persistent pulmonary hypertension. Pediatr

Pathol Lab Med. 1997;17:959–75.

14. Moore KL, Persaud TVN, editors. The developing human, clin-

ically oriented embryology. 7th ed, chaps 11, 12. Philadelphia:

Saunders; 2003. p. 242–64.

15. Jacobs IN, Teague WG, Bland JW Jr. Pulmonary vascular com-

plications of chronic airway obstruction in children. Arch Oto-

laryngol Head Neck Surg. 1997;123:700–4.

16. Dhara SS, Liu EH, Tan KH. Monitored transtracheal jet venti-

lation using a triple lumen central venous catheter. Anaesthesia.

2002;57:578–81.

300 J Anesth (2011) 25:298–300

123


	A novel association of alveolar capillary dysplasia, atypical duodenal atresia, and subglottic stenosis
	Abstract
	Introduction
	Case report
	Discussion
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


