J Anesth (2010) 24:630-632
DOI 10.1007/s00540-010-0930-5

CLINICAL REPORT

Toe gangrene in an infant subsequent to application
of adult-type pulse oximeter probe for 10 min
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Abstract We present a case of ischemic changes after
application of an adult pulse oximeter probe in an infant for
a short period of only 10 min. To understand the physiol-
ogy behind this mishap, we studied pressure exerted by the
adult pulse oximeter probe on simulated fingers (fluid-filled
pouches), which were filled under gravity through the
three-way stopcock. A catheter was placed inside the pouch
to continuously measure the pressure. The experiment was
performed on different sizes of the finger-shaped pouches
and by varying the positioning of the pouches in the pulse
oximeter. It was observed that pressure exerted by the pulse
oximeter was directly proportional to the extent to which it
was stretched after placement on the fluid-filled pouches of
different sizes. In the fully extended position, the pressure
exerted was higher (up to 30 mmHg) than in the fully
collapsed position (4 mmHg). Higher pressures were
caused by greater stretch of the probe. This could occur due
to larger fingers and closer placement of fingers to the
hinge of the probe.
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Introduction

Toe gangrene subsequent to application of a pulse oximeter
probe is a rare occurrence, with only two cases previously
described [1, 2]. We report an infant who developed
ischemic changes after application of an adult pulse
oximeter probe to the toe for a short period of only 10 min.
We also conducted an experiment to establish the physi-
ology behind this occurrence by using simulated fingers.

Case report

A 1.5-month-old boy with Peter’s anomaly and weighing
2.7 kg presented with corneal opacity and was scheduled to
be examined under general anesthesia. In the operating
room, an adult-type pulse oximeter (Datex Ohmeda S/5
Avance) was applied over the first and second toes of the
left foot because the wrap of the pediatric probe was
damaged and unavailable at that time and the procedure
was short. Anesthesia was induced and maintained with
sevoflurane, oxygen, and nitrous oxide. The total duration
was 10 min. The child was discharged in an apparently
good condition. However, the next day, the mother noticed
blackish discoloration of first and second toes of the left
foot, the site where the probe had been attached (Fig. 1).
The child was referred to the pediatrics department
where various causes for the occurrence of ischemic
changes, such as pneumococcal sepsis, vasculitis, and
thermal injury due to a warming blower, were ruled out.
Doppler study demonstrated unobstructed flow and patent
veins and arteries. A final diagnosis of dry gangrene was
made. Conservative management with adequate hydration
was advised. The toes subsequently healed over the fol-
lowing week, and the child was discharged after 7 days.
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Fig. 1 Gangrene in the first and second toes where the adult-type
pulse oximeter was applied

Discussion

Peters anomaly is a rare form of anterior segment dys-
genesis of eye with an unknown incidence. Vulnerability to
skin injury is unknown and not described previously. Few
case reports have reported toe gangrene subsequent to
application of a pulse oximeter probe [1-8]. In normoten-
sive individuals, the skin is able to autoregulate blood flow
under 10-30 mmHg of externally applied pressure. How-
ever, autoregulation above this pressure range results in
skin blood flow values of only 31-35% of normal [9].
Thereafter, with increasing externally applied pressure

>60 mmHg, blood flow declines rapidly, resulting in blood
flow values of <9% of normal [9]. Either high pressures for
short periods or lower pressures for longer periods may
cause tissue ischemia [10].

None of the described cases have quantified the pressure
exerted by the adult pulse oximeter probe on the peripheral
circulation. We measured the pressure exerted by the pulse
oximeter probe on finger-shaped fluid-filled rubber pouches
in the department of physiology. The finger pouches were
made by cutting the finger end of latex surgical glove no. 6.
The pouches were filled with tap water and the ends tied.
The experiment was done on two finger pouches. One was
the little finger, with the following measurements: cir-
cumference 4 cm, radius 0.63 cm on inflation and length
1.5, 2, and 3 cm. Second was the index finger, with cir-
cumference 5 cm, radius: 0.79 cm on inflation, and length
2 and 3 cm. A catheter was placed inside the pouch to
continuously measure the pressure through a three-way
stopcock. Before application of the probe over the pouch,
the pressure transducer was calibrated. The pouches were
filled under gravity through the three-way stopcock
(Fig. 2). The length of tubing was <1 foot. Before probe
application, the pressure in the pouches was just above

manometer

Recording device

Pulse oximeter

Fig. 2 Setup for recording pulse oximeter pressure on fluid-filled
pouches simulating fingers by connecting to a manometer

[—=0

Fig. 3 Fully extended probe, pressure is up to 30 mmHg; fully
collapsed probe, pressure is 4 mmHg

0 mmHg. The instrument was calibrated against a mercury
manometer to create known deflection for 10 and
20 mmHg of pressure. The pulse oximeter was then
applied to the pouch and the deflection was noted. The
process was repeated to ensure precision and accuracy
(Fig. 2).

The pressure exerted was tested on the pouches and by
varying pouch position in the pulse oximeter. It was
observed that pressure exerted by the pulse oximeter was
directly proportional to the extent to which it was stretched
after placement on the pouch. It was found that the amount
of stretch of the probe depended on the placement site on
the pouch as well as pouch size. In fully extended position,
the pressure exerted was higher (up to 30 mmHg) than in
the fully collapsed position (4 mmHg) (Fig. 3).

Our experiment may not reflect the exact physiology, as
a “real” finger would differ from our fluid-filled pouches.
Nevertheless, it conveys that the closer the finger is placed
to the hinge of the probe and the larger the finger size, the
greater the probe is stretched and the higher the exerted
pressure. The adult pulse oximeter probe was placed over
two toes (=length 1.5 cm, radius 2 cm) of our infant
patient, completely covering the toes, to attain a better
signal. The extended probe created sufficiently high pres-
sure to cause a decline in skin blood flow. Because the
probe was applied for a short period, the outcome was
favorable.

Probe integrity was intact as checked by the company
engineer. Temperature in the probe rose to 32.4°C within
10 min. However, the relative pressure-induced reduction
of circulation under the probe can reduce the capacity for
transport of heat away from the sensor and thereby
indirectly contribute to thermal damage by the probe [5].
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Fig. 4 Recommended probe types for different weights
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Even though the probe on our patient was intact, because of
decreased circulation beneath it, it also probably caused
increased temperature. Even in adult patients, pressure and
ischemic injuries are increased by prolonged or tight probe
application and compromised perfusion of the extremity.
Patients with large fingers should not have a circumferen-
tial probe placed on the finger. If the pulse oximeter
reading appears to be weak, the site should be checked.
Frequent examination and moving the probe to different
sites will reduce the likelihood of injury [11].

Though each of the two factors, increased pressure and
temperature, would probably not be detrimental alone, in
combination, they caused ischemia and pregangrenous
changes. The outcome was less serious in our patient
because of the short period of application. The lesson learnt
was that the adult-type pulse oximeter should not be used
in infants, even for short procedures, and that one should
always adhere to recommended probe sizes (Fig. 4; adap-
ted from Datex Ohmeda user manual). We also recommend

@ Springer

that each manufacturer should state on their instruction for
use of adult reusable probes that use on an infant is either
contraindicated or must be done with caution.

References

1. Ghai B, Rupal S, Madan R. Toe gangrene in an infant subsequent
to use of pulse oximeter for short duration. Anesth Analg.
2005;100:602.

2. Berge KH, Lanier WL, Scanlon PD. Ischemic digital skin
necrosis: a complication of the reusable Nelcor pulse oximeter
probe. Anesth Analg. 1988;67:712-3.

3. Clark M, Lavies NG. Sensory loss of the distal phalanx caused by
pulse oximeter. Anaesthesia. 1997;52:508-9.

4. Lin CW, Wang HZ, Hsieh KS. Pulse oximeter-associated toe
injuries in a premature neonate: a case report. Zhonghua Yi Xue
Za Zhi (Taipei). 1999;62:914-6.

5. Trevisanuto D, Ferrarese P, Cantarutti F, Zanardo V. Skin lesions
caused by oxygen saturation monitor probe: pathogenetic con-
siderations concerning 2 neonatal cases. Pediatr Med Chir.
1995;17:373-4.

6. Wille J, Braams R, van Haren WH, van der Werken C. Pulse
oximeter-induced digital injury: frequency rate and possible
causative factors. Crit Care Med. 2000;28:3555-7.

7. Chemello PD, Nelson SR, Wolford LM. Finger injury resulting
from pulse oximeter probe during orthognathic surgery. Oral Surg
Oral Med Oral Pathol. 1990;69:161-3.

8. Pettersen B, Kongsgaard U, Aune H. Skin injury in an infant with
pulse oximetry. Br J Anaesth. 1992;69:204-5.

9. Holloway GA, Daly CH, Kennedy D, Chimoskey J. Effects of
external pressure loading on human skin blood flow measured by
133 Xe clearances. J Appl Physiol. 1976;40:597-600.

10. Reswick JB, Rogers JE. Experience at Rancho Los Angeles
Hospital with devices and techniques to prevent pressure sores.
In: Kenedl RM, Cowden JM, Scales JC, editors. Bedsore bio-
mechanixs. Baltimore: University Park Press; 1976. p. 301-10.

11. Dorsch JA, Dorsch SE. Understanding anesthesia equipment. 5th
ed. Philadelphia: Lippincott; 2008.



	Toe gangrene in an infant subsequent to application of adult-type pulse oximeter probe for 10 min
	Abstract
	Introduction
	Case report
	Discussion
	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


