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Abstract Thrombotic microangiopathy (TMA) is a rare

but potentially lethal complication encountered in solid

organ and bone marrow transplant recipients that requires

rapid recognition, diagnosis, and initiation of therapy.

Several causes have been identified, including viral infec-

tions and various medications. We report a case of TMA

after living-donor liver transplantation (LDLT). A 60-year-

old man underwent LDLT for end-stage liver disease

secondary to hepatitis C virus. After 6 months, he required

re-transplantation because graft failure was caused by a

small-for-size graft. The immunosuppressive regimen for

the second transplantation consisted of tacrolimus and

prednisolone; cyclosporine (CsA), mycophenolate mofetil,

and prednisolone had been used for the first transplantation.

Despite multiple transfusions of packed red blood cells

and concentrated platelets, his hemoglobin and platelets

decreased and lactate dehydrogenase increased following

re-transplantation. Hematological evaluation revealed

findings consistent with TMA. As soon as TMA was diag-

nosed, the calcineurin inhibitor (CNI) was changed from

tacrolimus to CsA, and fresh frozen plasma (FFP) was

given. The patient’s platelets gradually increased after

the CNI was changed, and no transfusions were needed.

Therefore, tacrolimus was suspected as the cause of the

patient’s TMA. Early diagnosis, switching CNIs, and FFP

supplementation allowed the TMA to resolve without the

need for plasma exchange.
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Abbreviations

TMA Thrombotic microangiopathy

LDLT Living-donor liver transplantation

TTP Thrombotic thrombocytopenic purpura

CNI Calcineurin inhibitor

LDH Lactate dehydrogenase

HCV Hepatitis C virus

PE Plasma exchange

Introduction

Among the various complications that occur after solid

organ transplantation, thrombotic microangiopathy (TMA)

stands out as an infrequent (5% of adult recipients devel-

oped TMA after living-donor liver transplantation (LDLT)

as reported in the literature [1]) and severe life-threatening

complication. TMA is known to be a microvascular

occlusive disorder that is characterized by systemic or

intrarenal aggregation of platelets and mechanical injury to

erythrocytes [2]. Currently, this disorder is considered to

encompass three clinical entities: thrombotic thrombocy-

topenic purpura (TTP), hemolytic uremic syndrome (HUS),

and a third group including patients with a history of

transplantation or use of certain drugs [mitomycin, cyclo-

sporine (CsA), tacrolimus, and quinine]. To date, there are

a few reports of TMA occurring in liver transplant recipi-

ents, which suggests that the discontinuation or dose

reduction of the calcineurin inhibitor (CNI) was of pivotal

importance, and plasma exchange (PE) also had an

T. Matsusaki (&) � H. Morimatsu � T. Sato � K. Sato �
S. Mizobuchi � K. Morita

Department of Anesthesiology and Resuscitology,

Okayama University Medical School, 2-5-1 Shikata-cho,

Okayama, Okayama 700-8558, Japan

e-mail: matusakik@ybb.ne.jp

123

J Anesth (2010) 24:614–617

DOI 10.1007/s00540-010-0953-y



important role in the management of TMA after trans-

plantation [1]. In this article, we describe a patient who

developed TMA after his second living-donor liver trans-

plantation (LDLT).

Case report

A 60-year-old man with hepatic cirrhosis caused by hepatic

C virus underwent LDLT and received a cross-match-

negative and blood type-identical graft from his wife, who

was healthy and had no history of previous hematological

disorders or any particular family diseases. The graft

weight/recipient weight ratio (GDWR) was 0.71%. The

patient’s liver function deteriorated as a result of biliary

complications without the occurrence of acute cellular

rejection or hepatitis C virus (HCV) relapse. The patient

required a second transplantation because he developed

secondary biliary cirrhosis 6 months after his first trans-

plantation. He received a second living-donor graft from

his son, who was healthy and had no history of previous

hematological disorders. The second GDWR was 1.12%.

Posttransplantation immunosuppressive treatment was

started with tacrolimus and prednisolone, although he had

received CsA with his first transplantation. Tacrolimus was

given orally, and the dose was adjusted to maintain a

whole-blood concentration of 10–15 ng/ml until postoper-

ative day 10. The patient was also given oral acyclovir

(500 mg/day) and trimethoprim-sulphamethoxazole (1 g/

day), as well as intravenous fluconazole (100 mg/day),

meropenem (1 g/day), and famotidine (20 mg/day). In

addition, he was given fresh frozen plasma (FFP) infusions

(4–6 U daily) until postoperative day 3.

The patient was extubated on postoperative day 2. Post

extubation, the patient became delirious. His renal function

deteriorated; on postoperative day 14, his serum creatinine

was 1.5 mg/dl, and his blood urea nitrogen was 67 mg/dl.

Immediately after transplantation, there was a transient

improvement in the total bilirubin (T-Bil), lactate dehy-

drogenase (LDH), and transaminase levels.

The patient’s platelet counts declined progressively

despite multiple transfusions of concentrated platelets. We

gave the patient 10 or 20 U of concentrated platelets every

day to maintain more than 20,000/ll until postoperative

day 13. On postoperative day 14, the patient’s blood cell

profile showed a hematocrit of 22.5%, a white blood cell

count of 12,500/ll, and a platelet count of 22,000/ll. The

serial changes in laboratory parameters, including platelet

counts, and serum creatinine are shown in Fig. 1.

The patient’s hemostatic function was preserved, how-

ever, and the prothrombin time was 89% on postoperative

day 14. A blood smear showed an increase in the number of

schistocytes (1.5%) and his serum haptoglobin was also

0 mg/dl, which suggested the occurrence of hemolysis. The

patient’s tacrolimus trough level was not as high, and the

dose was adjusted to maintain a whole-blood concentration

of 5–10 ng/ml during postoperative days 10–13 for reasons

of his renal dysfunction.

There was no evidence of any active infection, either

viral, including cytomegalovirus (CMV), or bacterial.

Thus, based on these laboratory findings and clinical fea-

tures, a diagnosis of TMA was made on postoperative day

14.

The patient’s subsequent management consisted of

switching from tacrolimus to oral CsA microemulsion. The

CsA dose was adjusted according to the whole-blood level,

Fig. 1 Serial changes in

laboratory parameters after liver

transplantation (LT).

Immunosuppressive agents

(tacrolimus and cyclosporine,

CsA) are highlighted. After the

calcineurin inhibitor (CNI) was

changed, the platelet count

gradually increased and the

serum creatinine was improved.

The schistocytosis increased

until postoperative day 14 and

decreased after the change of

tacrolimus. Pre-Ope
preoperative, POD
postoperative day, CRTN
creatinine
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with a target of 200–300 ng/ml. In addition, 4–6 U FFP

was given daily for 5 days. The prednisolone dose was

maintained at the same level after TMA was diagnosed,

and no other medications were withdrawn or changed. The

patient responded to these treatments; his platelet count and

hematocrit increased steadily, and serum LDH and T-Bil

levels, as well as peripheral blood schistocyte counts,

decreased (see Fig. 1). The patient’s renal function and

delirium also improved.

On follow-up 100 days after re-transplantation, no

recurrent disease was observed. Despite the CNI change,

the patient did not develop acute cellular rejection.

Discussion

Tacrolimus-induced TMA was found in a patient who had

a second liver transplantation. Clinically, TMA was diag-

nosed 14 days after re-transplantation. Early after trans-

plantation, the patient developed a prolonged and profound

thrombocytopenia and hemolytic anemia that were unre-

sponsive to transfusion. Laboratory findings, including

elevated LDH and T-Bil levels, as well as increased

peripheral blood schistocyte counts, were also related to

TMA. In the present case, trough tacrolimus levels were

not predictive of the development of TMA, but changing

CNIs resulted in improved kidney function and the

hemolytic picture resolved. Because of the early diagnosis,

change of CNI, and FFP supplementation, the patient

developed no sequelae.

TMA must be considered in liver transplant patients

treated with tacrolimus whenever persistent thrombocyto-

penia unresponsive to transfusion occurs. Although TMA

usually responds to treatment, it may, in rare cases, lead to

loss of graft function or even result in the patient’s death.

The development of TMA associated with CNI treatment is

well documented in transplantation, especially in kidney

transplant recipients [2]. In the non-transplant population,

the occurrence of TMA is thought to be related to a clotting

mechanism deficiency. Conversely, in transplant recipients,

TMA is thought to occur as a result of direct endothelial

damage caused by CNI; the hematological manifestations

appear to be a secondary phenomenon [3]. However, there

are few reports of TMA in living-donor liver transplant

patients [1, 3, 4], and there have been no reports of TMA

after re-LDLT. Thus, the present case is the first report of a

patient who developed TMA after re-LDLT.

The diagnosis of TMA was based on the presence of

thrombocytopenia and microangiopathic hemolytic anemia

with no clinically apparent alternative etiologies [5, 6].

More specifically, microangiopathic hemolytic anemia was

suggested by the sharply elevated serum LDH levels

(typically [500 U/l) and the presence of fractionated

erythrocytes in the blood smear. We showed that the

schistocytes significantly increased after re-transplantation

and were improved by the switch from tacrolimus. Two

factors were considered to have caused TMA in this

patient: the use of tacrolimus and his HCV infection.

A zrelationship between HCV infection and TMA was

recently noted in the non-transplant population [7, 8]. We

gave the patients 10 or 20 U of concentrated platelets every

day to maintain more than 20,000/ll, and there might be a

possibility that the transfusions of concentrated platelets

caused the deterioration of TMA. However, at that time,

we considered a low platelet count was too dangerous for

patients immediately after liver transplantation.

CNIs, such as tacrolimus and CsA, are the most likely

causal agents of TMA after transplantation. The following

laboratory and clinical observations support this assertion

[5, 6]. First, these drugs have been shown to cause dys-

regulation of endothelial cells and vasoconstriction of

arterioles, leading to extraordinary platelet aggregation.

Second, patients with TMA improved following with-

drawal of tacrolimus or CsA [1, 3–5]. Third, TMA in these

settings usually occurs within 90 days of transplantation,

which suggests that a relatively greater dose or blood

concentration of CNI may be crucial for disease develop-

ment; however, in the present case, the trough tacrolimus

concentration was not high.

Thrombocytopenia is a frequent complication that usu-

ally occurs in the first week after liver transplantation [9, 10].

A correction of the early decrease in the platelet count

reflects the presence of a liver that is functioning well.

Several factors, such as sequestration of platelets in the re-

perfused liver graft, immunological reactions, increased

platelet consumption, reduced platelet production, impaired

production of thrombopoietin, medications, platelet trans-

fusions, heparin-associated thrombocytopenia, hypersplen-

ism, hemodilution, or a combination of these factors, are

suspected to play a role in the development of thrombocy-

topenia. Nevertheless, the pathophysiology of thrombocy-

topenia remains unclear. Severe thrombocytopenia may lead

to increased morbidity and mortality as a result of postsur-

gical bleeding, intracranial hemorrhage, and the inability to

perform diagnostic liver and bone marrow biopsies during

the early postoperative period.

The role that changing CNIs play in the treatment of

TMA is not clear. It must be noted that the incidence of

TMA is equivalent for both tacrolimus- and CsA-based

immunosuppression. In the present case, TMA resolved

immediately after the initial CNI was discontinued. This

finding suggests that CNI-induced endothelial damage is a

causative factor in post-LDLT TMA. Previous reports

suggest that a deficiency or an inhibitor of von Willebrand

factor-cleaving protease is an important factor in the

occurrence of non-transplant TMA [5]. However, a recent
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report suggests that post-LDLT TMA is not related to the

marginal production of von Willebrand factor-cleaving

protease after transplantation [4].

In conclusion, the possibility that LDLT recipients may

develop TMA must be recognized. Immediate dose

reduction or switching the CNI is the first-line treatment for

post-LDLT TMA.

References

1. Tamura S, Sugawara Y, Matsui Y, Kishi Y, Akamatsu N, Kaneko

J, Makuuchi M. Thrombotic microangiopathy in living-donor

liver transplantation. Transplantation. 2005;80:169–75.

2. Trimarchi HM, Truong LD, Brennan S, Gonzalez JM, Suki WN.

FK 506-associated thrombotic microangiopathy: report of two

cases and review of the literature. Transplantation. 1999;67:539.

3. Nobuhisa A, Yasuhiko S, Sumihito T, Junichi T, Junichi K,

Masatoshi M. Late mortality from thrombotic microangiopathy

after liver transplantation: report of a case. Surg Today. 2007;

37:345–8.

4. Nakazawa Y, Hashikura Y, Urata K, Ikegami T, Terada M, Yagi

H, Ishizashi H, Matsumoto M, Fujimura Y, Miyagawa S. Von

Willebrand factor-cleaving protease activity in thrombotic

microangiopathy after living donor liver transplantation: a case

report. Liver Transplant. 2003;12:1328–33.

5. Moake JL. Thrombotic microangiopathies. N Engl J Med.

2002;347:589.

6. George JN. Thrombotic thrombocytopenic purpura: a syndrome

that keeps evolving. J Clin Apher. 2004;19:63.

7. Ramanan AS, Thirumala S, Chandrasekaran V. Thrombotic

thrombocytopenia purpura: a single institution experience. J Clin

Apher. 1999;14:9–13.

8. Herzenberg AM, Telford JJ, De Luca LG, Holden JK, Magil AB.

Thrombotic microangiopathy associated with cryoglobulinemic

membranoproliferative glomerulonephritis and hepatitis C. Am J

Kidney Dis. 1998;31:521–6.

9. Chang FY, Singh N, Gayowski T, Wagener MM, Mietzner SM,

Stout JE, Marino IR. Thrombocytopenia in liver transplant

recipients: predictors, impact on fungal infections, and role of

endogenous thrombopoietin. Transplantation. 2000;15:70–5.

10. Chatzipetrou MA, Tsaroucha AK, Weppler D, Pappas PA, Ken-

yon NS, Nery JR, Khan MF, Kato T, Pinna AD, O’Brien C,

Viciana A, Ricordi C, Tzakis AG. Thrombocytopenia after liver

transplantation. Transplantation. 1999;67:702–6.

J Anesth (2010) 24:614–617 617

123


	Thrombotic microangiopathy after living-donor liver re-transplantation
	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


