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ABSTRACT

Reoperative cardiac surgery is associated with substantial
morbidity and mortality due to technical problems at sternal
reentry, which can result in laceration of the right ventricle,
innominate vein injury, or embolization from patent grafts. To
minimize the risk associated with reentry, we adopted the
method of assisted venous drainage in the cardiopulmonary
bypass circuit with peripheral cannulation for cardiac reopera-
tions. From March 1999 to May 2003, a series of 52 patients
(38 males; mean age 48.7 years, range 4 months to 78 years)
underwent cardiac reoperations performed with centrifugal
pump venous-assisted cardiopulmonary bypass. EuroSCORE
was 7.34 £ 3.9 (range, 4-19). The reoperations were coronary
artery bypass graft (25 patients), valve replacement/repair
(18 patients), and complex pediatric procedures (11 patients).
The studied adverse events were structural damage at reentry,
mortality, blood loss, stroke, and hemolysis. Complications
at sternotomy were damage to the innominate vein (1 patient)
and aorta (1 patient) with blood loss of 625 and 225 mL,
respectively. Four patients required intraaortic balloon pump
or extracorporeal membrane oxygenation (n = 1) for hemody-
namic support on weaning off cardiopulmonary bypass. Three
patients died in the postoperative period. Our experience
with centrifugal pump-assisted venous drainage in cardiac
reoperations has shown excellent results, with reduced risk of
damage to vital structures on sternal reentry. In cases in which
structural damage did occur, blood loss was minimal.

INTRODUCTION

The use of cardiac reoperations is increasing, reaching
a prevalence of up to 15%-20% of all heart operations [Lytle
1993; Nakanishi 2001]. According to the Society of Thoracic

Surgeons database, An average of 8% of all operative revascu-
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larizations are coronary artery bypass reoperation, 11% are
redo aortic valve and 20% are redo mitral valve procedures
20% respectively [STS 1998]. In the pediatric population, the
reoperation rate for congenital heart disease approaches 15%.

Sternal reentry is primarily a blind procedure, and the risks
involved are well known [English 1978; Dobell 1984; Garrett
1989; Temeck 1990] and include injury of major cardiac
structures in the presence of adhesions between the posterior
sternal table and the innominate vein, right ventricle, and
extracardiac conduits or grafts. The sequelae of such injuries
include catastrophic hemorrhage. To minimize the risk associ-
ated with sternal reentry, our group and others have become
convinced that femoral cannulation for cardiopulmonary bypass
with centrifugal pump-assisted venous drainage offers distinct
advantages, particularly in minimizing damage and blood loss.

Concerns have been expressed about the exacerbation of
arterial air embolism owing to entrainment of air in the
venous system [Davila 2001; Carrier 2002; Walther 2002], but
other authors have not experienced this as a problem. Carrier
et al [2002] showed that vacuum-assisted venous drainage
does not significantly increase air microembolism and was not
associated with increased neurological risk following surgery.
A further concern is that vacuum-assisted venous drainage
could potentially increase trauma to blood cells.

This report details our experience and results with this
technique in both adult and pediatric cardiac reoperations.

MATERIALS AND METHODS

Patient Profiles

From January 1999 to August 2003 at a single cardiac
surgical center 52 patients, age 1 month to 78 years (mean,
48.7 years), underwent repeat sternotomy for nontransplanta-
tion cardiac surgery. All reoperations were performed by a
group of 6 surgeons at a single institution using the technique
described below. Baseline clinical characteristics in both adults
and children are outlined in Table 1. In all cases, resternotomy
was performed a minimum of 4 months after the previous
sternotomy. The indications for reoperation are outlined in
Table 2 and were predominantly revascularization (40%). First-
time redo sternotomy was done in 33 patients, second-time
redo sternotomy in 16 patients, and third-time in 3 patients.
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Table 1. Baseline Patient Characteristics

No. of patients 64

Age, y, mean (range) 48.69 (0.3-77)
No. of pediatric patients (age <16 y) 13 (25%)
Sex (male/female) 38/14
EuroSCORE, mean * SD (range) 734 +3.9 (4-19)
Diabetes 8 (15%)
Hypertension 18 (35%)
Previous myocardial infarction 12 (23%)
Chronic obstructive pulmonary disease 6 (12%)

In the pediatric group, there were 9 boys (mean age,
8.2 £ 5.5 years; range, 1 month to 15 years) and 4 girls
(mean age, 7.5 = 3.1 years; range, 4 to 11 years).

"Twenty-nine patients were identified as high risk for reentry
because of second or third reentry (n = 19), patent mammary
graft (n = 23), enlargement of right chambers (n = 3), the
presence of a conduit (n = 2), or history of sternal infection
with mediastinitis (n = 1). Routine blood tests were performed
to evaluate hemolysis and hepatic and renal function.

Surgical Technique

After the induction of general anesthesia and full invasive
monitoring, the femoral vessels were exposed. After adequate
heparinization, venous cannulation was performed using a
long 20-28 Fr cannula with the tip advanced to the level of
the right atrium under the guidance of transesophageal
echocardiography. A Sarns Delphin II® centrifugal pump
system (3M, Ann Arbor, MI, USA) was attached to the venous
line to augment venous drainage. The level of suction was
regulated by means of a Medtronic DLP 60000 line pressure
monitor set to a maximum pressure of -80 mmHg. Arterial
cannulation was established by open exploration of the vessels,
and then a Seldinge-type cannulation through a purse-string
suture and sternal reentry were performed while the patient
was on full bypass. With 20Fr and 28Fr venous cannulae, the
flow rate achieved was 1.8-2.5 L/min and 3.5-4.5 L/min,
respectively. Perfusion pressures were 50-80 mmHg, and
arterial line pressures were 150-300 mmHg. Mean bypass
times were 175 £ 100 min, and aortic cross-clamp times were
62.17 £ 55.97 min.

Statistical Analysis

Data are expressed as the mean  SD. Statistical analysis
was performed using the SPSS software. Fisher exact test was
used to analyze differences in mortality rates according to the
number of reoperations (first vs second or third) and to
assess the predictive impact of the high-risk category on the
occurrence of injury during sternotomy.

Table 2. Indications for Surgery

Coronary artery disease 23
Paravalvular leak

Prosthetic valve degeneration /failure

Infective endocarditis 2
Congenital heart disease 15

RESULTS

Cardiopulmonary bypass time and aortic cross-clamp times
were as indicated in Table 3. Complications of surgery are
outlined in Table 4. One injury in an adult patient and 1 in a
pediatric patient were attributed to the use of the sternal
saw during reentry. In the adult case, a 73-year-old man
undergoing redo coronary artery bypass graft sustained
structural damage to the ascending aorta and innominate
vein. These injuries were repaired easily without significant
loss of blood. In the pediatric case, a 13-year-old boy under-
going redo mitral valve repair sustained a tear of the
innominate vein during reentry. This injury also was repaired
easily, and only 225 mL blood loss occurred. There was no
statistical difference between the first, second, and third redo
operations in regard to the occurrence of structural injury.

The overall mortality rate was 5.8% (3 of 52). Two of the
deaths may have been directly related to sternal reentry
from femoral cannulation. One patient, a 29-year-old man,
underwent redo aortic root replacement for prosthetic valve
endocarditis. He developed a perioperative cerebrovasvular
accident and subsequently died of multiorgan failure. The
second death occurred in a 57-year-old man who underwent
redo double valve replacement. He was in atrial fibrillation
and died of mesenteric ischemia. The third death was in a
32-year-old man who underwent redo pulmonary valve
replacement and died of pulmonary hemorrhage. In 1 patient,
peripheral cannulation was complicated by a tear of the
femoral artery. This injury was easily repaired with a vein
patch. Data on patient morbidity unrelated to venous assist
are presented in Table 4.

Renal function as measured by mean creatinine was
100.1 £ 30.1 pmol/L preoperatively and 118 + 56.2 pmol/L
on postoperative day 1.

DISCUSSION

The number of cardiac reoperations is steadily increasing.
The ability to decompress the heart during penetration of the
posterior sternal table reduces the risk of tearing vital structures,
especially in cases in which the heart, and the right ventricle
in particular, are dilated and vulnerable. A tear in the right
ventricle may be impossible to repair without decompression.

Table 3. Operative Details

Coronary artery bypass graft 23
Aortic valve replacement (AVR) 7
Mitral valve replacement (MVR) 5
AVR and MVR 2
Tricuspid valve repair 1
Aortic root replacement 2
Mitral valve repair 1
Pulmonary valve /Pulmonary artery conduit replacement 2
Completion of total cavo-pulmonary connection 5
Other 4
Cross-clamp time, min 62.2 +55.9
Cardiopulmonay bypass, min 175.1 £ 100.1
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Table 4. Complications

Mechanical injury at sternotomy 2 (3.8%)
Femoral vessel injury 1(1.9%)
Prolonged hospitalization (>14 days) 16 (30.7%)
Resternotomy 4 (7.6%)
Neurological injury

Transient 2 (3.8%)

Permanent 2 (3.8%)
Postoperative renal failure 7 (13.5%)
Wound infection 2 (3.8%)
Chest infection 10 (19.2%)
In-hospital death 4 (7.7%)

Catastrophic hemorrhage leading to death as a consequence
of structural injury has been reported [Mueller 2001]. Dobell
and Jain [1984] surveyed 224 surgeons and reported a 37%
mortality rate. The mortality rate in our study was 5%. Two of
the deaths may have been related to complications of car-
diopulmonary bypass using femoral cannulation. Neurological
complications in femoral cannulation are often related to the
reversed flow in the abdominal aorta, where aortic calcification
also starts. The use of femoral cannulation leads to neurologi-
cal sequelae, and cannulation of the subclavian rather than the
femoral artery may reduce these sequelae. Other maneuvers
used to avoid entering underlying cardiac structures have been
described. Temeck and colleagues [1990] reported no deaths
related to sternotomy in a series of 113 reoperations. Garrett
and Matthews [1989] described a simple technique used
without adverse incidents in 50 consecutive patients. Previously
placed sternal wires were cut and untwisted but not removed.
An oscillating saw was used to divide the sternum while upward
traction was applied to the wires. The wires provided a barrier
to the saw while the posterior table was divided.

During a 4-year period, the use of venous assist in our
institution was associated with 2 injuries and no deaths. In
the 2 patients in whom structural damage occurred during
reentry, blood loss was 625 mL and 225 mL. Our study
confirmed our initial hypothesis that use of venous assist in
redo surgery significantly reduces the incidence of catastrophic
hemorrhage.

The venous-assisted cardiopulmonary bypass circuit has
the added benefit of reducing prime volume, which is
particularly advantageous in pediatric patients. Follis et al
[1999] demonstrated a reduced incidence (0.65%) of injury
with the use of a sagittal micro-oscillating saw compared with
reciprocating, sagittal, or Stryker saws. Given the low
incidence of catastrophic hemorrhage, it is difficult to
prove the superiority of a single technique with a small series.
The relative distribution of injured anatomic structures reflects
their most common location in relationship with the midline.

Venoarterial air embolism has been described in case reports
[Cosgrove 1989; Carrier 2002]. Other authors [Jones 2002]
assert that vacuum assisted venous drainage does not
statistically reduce the ability of the cardiopulmonary bypass
circuit to remove gaseous microemboli. In our study, 2 patients
(3.8%) suffered stroke, a rate that was no higher than in normal
practice. One of these patients was 29 years old and had
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aortic root replacement for prosthetic valve endocarditis, with
prolonged bypass time of 305 min. The other patient was
70 years old, a previous heavy smoker, and had a high
EuroSCORE of 19. These 2 deaths may have been related to
retrograde flow through the femoral artery, which inevitably
detaches atheromatous plaques. The increasing use of subcla-
vian cannulation may reduce the incidence of neurological
sequelae.

The present study has several weaknesses. It is a retrospec-
tive study, and a comparison of this technique with others in a
randomized prospective study would be useful.

In conclusion, the use of the centrifugal pump to assist
venous drainage has proved to be a safe and useful adjuvant to
femoral cardiopulmonary bypass in 52 repeat sternotomies.
This series, the largest reported in the literature to date,
demonstrates that the technique can be easily reproduced,
with minimal morbidity.

REFERENCES

Carrier M, Cyr A, Voisine P, et al. 2002. Vacuum-assisted venous drainage
does not increase the neurological risk. Heart Surg Forum 5(3):285-8.

Cosgrove DM, Loop FD. 1989. Reoperations for coronary artery disease.
In Stark J, Pacifio AD, eds. Reoperations in cardiac surgery. Berlin:
Springer. p. 3015-23.

Davila RM, Rawles T, Mack M]J. 2001. Venoarterial air embolus:
a complication of vacuum-assisted venous drainage. Ann Thorac Surg
71(4):1369-71.

Dobell AR, Jain AK. 1984. Catastrophic hemorrhage during redo
sternotomy. Ann Thorac Surg 37(4):273-8.

English TA, Milstein BB. 1978. Repeat open intracardiac operation:
analysis of fifty operations. ] Thorac Cardiovasc Surg 76(1):56-60.

Follis FM, Pett SB Jr, Miller KB, Wong RS, Temes RT, Wernly JA. 1999.
Catastrophic hemorrhage on sternal reentry: still a dreaded complication?
Ann Thorac Surg 68(6):2215-9.

Garrett HE Jr, Matthews J. 1989. Reoperative median sternotomy.
Ann Thorac Surg 1989;48(2):305.

Jones T], Deal DD, Vernon JC, Blackburn N, Stump DA. 2002. Does
vacuum-assisted venous drainage increase gaseous microemboli during
cardiopulmonary bypass? Ann Thorac Surg 74(6):2132-7.

Lytle BW, Loop FD, Taylor PC, et al. 1993. The effect of coronary
reoperation on the survival of patients with stenoses in saphenous vein
bypass grafts to coronary arteries. ] Thorac Cardiovasc Surg 105(4):605-12;
discussion 612-4.

Mueller XM, Tevaearai H'T, Horisberger J, Augstburger M, Burki M,
von Segesser LK. 2001. Vacuum assisted venous drainage does not
increase trauma to blood cells. ASAIO J. 47(6):651-4.

Nakanishi K, Shichijo T, Shinkawa Y, et al. 2001. Usefulness of vacuum-
assisted cardiopulmonary bypass circuit for pediatric open-heart surgery
in reducing homologous blood transfusion. Eur J Cardiothorac Surg
20(2):233-8.

Society of Thoracic Surgeons (STS). 1998. Data analyses of the STS
National Cardiac Surgery Database. The Seventh Year: January 1998.
http://www.sts.org/doc/2218 (Accessed 12.04.07).

Temeck BK, Katz NM, Wallace RB. 1990. An approach to reoperative
median sternotomy. J Card Surg 1990;5(1):14-25.

Walther T, Tsang V, Hawkey D, de Leval M. 2002. Vacuum-assisted venous
drainage in complex congenital cardiac surgery. Thorac Cardiovasc Surg

50(2):100-1.

E23




<<
  /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
  /CreateJDFFile false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


