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Abstract

The relationship between testosterone deficiency (TD) syndrome
and surgical resilience has a great impact in the modern approach to
male elderly patients. There is good evidence that low levels of T are a
strong marker for cardiovascular risk; also, TD is frequently associated
with increased cardiovascular and all-cause mortality especially in car-
diac older frail men. Screening for low T should be mandatory in high
risk groups candidate to surgery including those with diabetes, meta-
bolic syndrome and obesity, even though benefits from T-treatment on
survival rates are unclear.

The low-T3 syndrome, named non-thyroidal illness (NTI) that occurs
during critical illness refers to a syndrome with different faces in both
sexes. The acute stress or critical illness-induced alterations within the
thyroid axis occur in the first days of critical illness i.e. post-surgery
and are brought about at least in part by the concomitant macronu-
trient deficit. The NTI that occurs in prolonged critically ill patients or
in post-surgical resilience patients who continue to be dependent on
intensive medical care for weeks or months, may have an impact on
surgical outcomes because of frequent occurrence of cardiac arrhyth-
mias. Future directions should better routinely investigate circulating
thyroid hormones in population at risk before surgery after excluding
iatrogenic drug interferences, and investigate the effect of possible
treatments on survival rates after surgery.

Background on testosterone 

The European Male Ageing Study (EMAS) reported a prevalence of
testosterone deficiency (TD) at 5.1% in a non-obese male population of
70-79, whereas studies on populations with Type-2 diabetes report TD
prevalence rates of 40% and of 15-30% in men presenting with erectile
dysfunction. Accordingly, the presence of hypogonadism in men with car-
diovascular disease (CVD) is about two times higher than observed in
the general population and is associated with increase of the most
known cardiovascular risk factors, and cardiovascular morbidity and
mortality [1]. The most recent studies have also identified that men with
CVD show significantly lower serum levels of bioavailable T than those
men with negative coronary angiography (see Box 1 for CV safety issues
and T-replacement). Numerous studies have found a direct association
between male obesity and lower plasma T levels [2], and there is also an
independent association between plasma T concentration and insulin
sensitivity;[3,4] obese men with diabetes appear to be at particularly
high risk of developing secondary hypogonadism [5]. This cluster of ab-
normalities is associated with an increased risk of diabetes and CVD, af-
fecting not only quality of life but also life expectancy and the impact of
resilience on surgical recovery and wound-healing. At present, bio-
markers for resilience, which largely focuses on neuropeptide Y, dehy-
droepiandrosterone and T [6] should be individualized for pre-opera-
tive management. As such, T represents one of the most prominent bio-
markers, and its administration may represent a challenge for some cat-
egories of patients after surgery. Patient with acute myocardial infarc-
tion were found to have the lowest T levels (365.3 ng/dL) and T level were
also found to be independent predictors for CAD (odds ratio 0.311, 95%
confidence interval 0.174-0.512) [7]. Also, patients with CAD have lower
T and oestradiol levels than healthy controls. These changes are in-
versely correlated with the degree of CAD, suggesting that low plasma T
levels may be involved in the increased risk of CAD in men [8]. In a pilot
study, we found that in severely hypogonadal young men, acute adminis-
tration of T-gel improves endothelial function suggesting that acute T
supplementation could be a potential approach for both patients after
surgery resilience or myocardial infarction; a short challenge of T could
improve their vasodilatory responses to conventional treatment/s and re-
covery after surgery, when T plasma levels are severely blunted [9].

Background on thyroid hormones

The presence of non-thyroidal illness (NTI) in intensive care Unit
(ICU) patients is frequent and the hypothesis that it could perhaps be
maladaptive in this context has been repeatedly and continuously pub-
lished over the last decades; however, the number of RCTs that address
causality in association with adverse outcomes is surprisingly small. In
fact, there are only four RTCs studying a total of 190 adult ICU patients
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Evidence and proposal

At present, there is no evidence that pre-operatory workup of the
old-old male patient candidate to cardiac and extra-cardiac surgery
should include total or free testosterone evaluation. However, clinical
outcomes suggesting better surgical resilience in patients with
higher endogenous plasma levels suggest its possible inclusion in the
investigative routine workup. Similarly, evidence-based data on pre-
operative thyroid function in old-old patients predicting surgical out-
comes are lacking. Undoubtedly, low-T3 levels before surgery in older
patients are associated with major cardiac arrhythmias and this war-
rants deeper and wise evaluation workup in all patients undergoing
surgery.
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that have addressed this question looking at clinically relevant outcomes.
These studies were performed in four different study populations: patients
with burn injuries, patients undergoing cardiac surgery, medical ICU pa-
tients, and patients suffering from acute kidney failure. Two of the RCTs
used T4 and two used T3 as the hormone for treatment, with three out of
four studies using a pharmacologic dose of thyroid hormones. All four
studies showed that thyroid treatment further suppressed plasma TSH,
and none showed a therapeutic benefit on patient outcome [10]. The com-
bination of low cardiac output and elevated systemic vascular resistance
i.e. after cardiopulmonary bypass has been investigated through thyroid
supplementation and evaluation of cardiac hemodynamics in the periop-
erative period. Although improvements in cardiac output and systemic vas-
cular resistance were observed, no significant changes in postoperative
mortality were noted and thus thyroid supplementation is not routinely
practiced in adult cardiac surgery. There was, however, evidence to suggest
a role for postoperative T3 treatment to prevent postoperative atrial fibril-
lation. A recent study demonstrated that preoperative hypothyroidism was
associated with postoperative atrial fibrillation in young-old patients thus
suggesting that preoperative hypothyroidism maybe a useful biomarker for
selecting those patients who most likely would benefit from preoperative
thyroid supplementation in the prevention of postoperative atrial fibrilla-
tion [11]. Other authors have suggested that the presence of the NTI at ad-
mission is associated with an increased risk of postoperative myocardial
dysfunction and death in patients undergoing coronary artery by-pass
grafting [12]. It is clear that the name “NTI” during critical illness refers
to a syndrome with different faces. Tolerating the early “fasting response’
to critical illness and its concomitant changes in thyroid hormone param-
eters appears to be wise and beneficial. This applies to the NTI present in
the majority of patients treated in ICU. However, the NTI that occurs in pro-
longed critically ill patients appears different in both its causes and conse-
quences. Future studies should specifically target this selected population
of prolonged critically ill patients, and, after excluding iatrogenic drug in-
terferences, investigate the effect on outcome of treatment with hypothal-
amic releasing factors or thyroid hormones supplementation in adequately
powered randomized controlled trials.

Box 1.

Cardiovascular safety issues and TD

The relationship between TD and men’s vascular health has a great
impact because this is frequently associated with increased
cardiovascular and all-cause mortality. Noteworthy, the occurrence of
increased glucose, total cholesterol, low-density lipoprotein, pro-
inflammatory cytokines, and myointimal carotid thickness may be
associated with reduced T levels especially in cardiac older frail men.
Screening for low T should be mandatory in high risk groups including
those with type 2 diabetes, metabolic syndrome and obesity. Recent
studies suggest warnings on T prescription in older frail men, but we
regret that these studies had consistent bias in inclusion criteria and
statistical evaluation. Data from studies conducted in more selected
populations suggest that T replacement therapy may improve multiple
surrogate markers of CVD as well as may reduce cardiovascular
mortality. After analyzing the most important studies’ limitation, we can
conclude that at present there is insufficient evidence of a causal
relationship between T therapy and adverse cardiovascular outcomes to
support against T supplementation in older hypogonadal frail men.

Non
 co

mmerc
ial

 us
e o

nly



<<
  /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 ()
  /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




