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SUMMARY
In the presented case, the authors describe an obese
middle-aged man that presented to the emergency
department for persistent oedema, scleral icterus and
fatigue. He was admitted to the hospital and diagnosed
with liver cirrhosis via transjugular liver biopsy. He
continued to bleed from the biopsy site for 5 days from
accelerated intravascular coagulation and fibrinolysis
(AICF) requiring multiple transfusions of packed red
blood cells, fresh-frozen plasma and cryoprecipitate. The
authors then used thromboelastography (TEG) to further
characterise the patient’s coagulopathy, which revealed
platelet inhibition. The results of the TEG significantly
changed future transfusion management. Finally, the
authors conducted a literature review to summarise the
current literature available for the use of TEG in the
management of liver cirrhosis with AICF.

BACKGROUND
Hepatic cirrhosis results in complex changes of
haemostasis due to an imbalance between anticoagu-
lant and procoagulant factors. Conventional coagu-
lation tests (ie, prothrombin time (PT) and activated
partial thromboplastin time (aPTT)) do not accur-
ately predict the risk of bleeding because they only
assess procoagulant factors. Thromboelastography
(TEG) characterises the interaction between pro-
coagulant factors, anticoagulant factors, platelets
and the fibrinolytic system and has potential for
assessing bleeding risk and guiding therapy.1

TEG is a popular means of monitoring for
haemostasis and transfusion management in major
surgery, trauma and haemophilia.2 TEG is per-
formed with whole blood and assesses the visco-
elastic property of clot formation under low shear
conditions. TEG can be performed with different
activators and inhibitors, at various concentrations,
and characterises the most important factors for
clot formation.3 Although a useful tool, TEG is not
yet widely used in the management of cirrhosis.
Some suggest that TEG may have use in characteris-
ing and assisting in the management of patients
with cirrhosis. In the presented case, we describe
the application of TEG in an attempt to understand
and manage a patient with cirrhosis and haemo-
static complications. We attempt to answer the clin-
ical question, ‘In an actively bleeding patient with
liver disease, does TEG testing improve morbidity,
mortality, blood product utilization, or cost, com-
pared with conventional coagulation parameters?’.

CASE PRESENTATION
An obese middle-aged man presented to the emer-
gency department (ED) for new-onset painless
jaundice and worsening lower extremity oedema
over the previous 6 months. He intentionally lost
40 lbs one year prior, but in the 3 months leading
to presentation had gained all of the weight back,
despite no behavioural changes. One month before
presentation, he saw his primary care manager who
prescribed furosemide 20 mg daily, which was then
increased to 40 mg daily 2 weeks later. He pre-
sented to the ED because of yellowing of his eyes
and persistent oedema. He denied dyspnoea,
orthopnoea, cough, fevers, chills, night sweats,
nausea or vomiting. He reported recent onset of
amber-coloured urine, but denied dysuria, urgency,
frequency, nocturia or hesitancy. The remainder of
the review of systems was unremarkable.
Past medical and surgical history were significant

for sickle cell trait, obstructive sleep apnoea con-
trolled with the use of nocturnal continuous posi-
tive airway pressure and gastro-oesophageal reflux
managed with ranitidine 150 mg as needed. He
took no other medications and had no known drug
allergies.
His family and social history were significant for

multiple direct relatives with lung and breast cancer.
He reported consumption of six to eight alcoholic
drinks per week and was a former smoker.
All of the vital signs were within normal limits.

Physical examination was notable for scleral icterus,
a distended abdomen and diffuse oedema with 4+
pitting oedema of the bilateral lower extremities, 2
+ pitting oedema over the sacrum and 1+ pitting
oedema extending to the midthorax.
An echocardiogram was normal and demon-

strated an ejection fraction of 65–70%. Abdominal
CT scan revealed a cirrhotic morphology of the
liver, a normal-sized spleen, mesenteric oedema,
diffuse anasarca and markedly dilated collateral
vessels secondary to portal hypertension.
Transjugular biopsy of the liver on hospital day 7
(HD7) confirmed cirrhosis. The aetiology of cirrho-
sis was suspected to be non-alcoholic steatohepati-
tis; however, alcoholic cirrhosis could not be ruled
out. The patient continued to ooze blood from the
transjugular biopsy site for 5 continuous days,
despite hours of manual pressure, compression ban-
dages and Quick-clot haemostatic dressings. The
patient’s daily coagulation abnormalities persisted
with a PT of 25–30 s, aPTT of 45–52 s and inter-
national normalised ratio (INR) of 2.3–2.7,

Peterson TJ, et al. BMJ Case Rep 2016. doi:10.1136/bcr-2016-218294 1

Novel treatment (new drug/intervention; established drug/procedure in new situation)

http://crossmark.crossref.org/dialog/?doi=10.1136/bcr-2016-218294&domain=pdf&date_stamp=2016-12-14
http://casereports.bmj.com


presumably from his liver disease. He was not on prophylactic
or therapeutic anticoagulation and was not taking any antiplate-
let agents. Labs were otherwise notable for a consistently
low fibrinogen of 120–170 mg/dL, an elevated d-dimer of
10.49 μg/mL (laboratory reference range <0.5 μg/mL) and
declining platelets from 108 000 the day of the biopsy (HD7) to
78 000/μL on HD11. Factor VIII level was 380% of the normal
value. Additional studies can be seen in table 1.

The patient required multiple transfusions from HD7 to 11
in accordance with current transfusion guidelines, including
7 units of packed red blood cells (pRBC), 6 units of fresh-frozen
plasma (FFP) and 2 units of cryoprecipitate, with no improve-
ment in the bleeding from the transjugular biopsy site. A throm-
boelastogram (TEG) was then performed to further characterise
the patient’s bleeding diathesis on the evening of HD11. The
TEG revealed that thrombin and fibrinogen were within normal
limits; however, platelet activation and adherence suggested low
function. ADP receptors were 100% inhibited; arachidonic acid
(AA) receptors were 45% inhibited (figure 1). The TEG indi-
cated the need for platelet transfusion, given platelet inhibition
and function, independent of total platelet number (figure 2).
Platelet transfusion was then initiated and the biopsy site bleed-
ing temporarily ceased. The amount of future blood product
transfusions was significantly reduced. From HD12 to 17, the
patient only required 2 units of pRBC (71% reduction), 0 units
of FFP (complete reduction), 1 unit of cryoprecipitate (100%
reduction) and 4 units of platelets.

OUTCOME AND FOLLOW-UP
On HD17, the patient began to have bright red blood per
rectum with an estimated loss of 1000 mL in a 3-hour period.
He was transferred to the medical intensive care unit (MICU)
where he received further blood products. Computed topog-
raphy revealed a ruptured bowel diverticulum that was not
apparent on initial imaging when the patient was admitted to
the hospital. In the MICU, he began to show signs of hepatore-
nal syndrome, and with increasing model for end-state liver
disease (MELD) score on HD20, he was transferred to a
regional liver transplant centre. The regional liver transplant
centre continued to medically manage the patient with multiple
transfusions of pRBC, platelets and FFP. Once stabilised, he was
discharged home from the regional liver transplant centre to
continue treatment on an outpatient basis. Unfortunately, the
patient died before receiving a liver transplant.

DISCUSSION
Multiple studies have described the complex haematological
changes in liver disease.1 4–16 High-quality data are lacking in
predicting bleeding risk in this disease, but many studies agree
that conventional coagulation studies (PT, aPTT, INR) are not
specific for predicting bleeding risk in liver disease.1 4–16

Additionally, evidence-based guidelines regarding acute therapy
for haemorrhage in liver disease are lacking.1 This presents a
challenge for practicing physicians in clinical care and cost. We
performed a literature search with the clinical question, ‘In an
actively bleeding patient with liver disease, does TEG testing
improve morbidity, mortality, blood product utilization, or cost,
compared with conventional coagulation parameters?’

Our literature search was conducted with the help of a clinical
librarian. Using medical subject headings (MeSH), we searched
the US National Library of Medicine MEDLINE database via
PubMed.gov for any published literature with the following cri-
teria: ((liver(tw) AND cirrho*(tw)) OR ‘Liver Cirrhosis’(mh) OR

‘End Stage Liver Disease’(mh) OR (end stage(tw) AND (liver
disease(tw) OR liver failure(tw)))) AND (thromboelast*(tw) OR
ROTEG(tw) OR ROTEM(tw) OR ‘Thromboelastography’(mh)).
We found 16 publications in the MEDLINE search. We also
broadened our search using the Embase database which found
an additional 10 abstracts, for a total of 26 publications. Four of
the 26 publications were interim updates before a final research
study publication, resulting in 22 unique abstracts found. These
consisted of 12 research studies, 6 conference abstracts and 4
review or editorial articles. Fifteen of these 22 publications
addressed our specific clinical question.

In our search, 13 of the 22 publications suggested that TEG
testing could predict bleeding risk and guide transfusion therapy
in patients with liver disease.1 5–11 13–15 In a study of 273
patients with cirrhosis, Stravitz14 conclude that TEG studies can
be within normal limits in patients with stable cirrhosis, despite
abnormal conventional coagulation studies, suggesting that TEG
may be more specific at detecting bleeding risk than conven-
tional coagulation studies. Premkumar et al10 described TEG as
a strong predictor of bleeding (OR 2.1, p=0.05) and mortality
(OR 3.1, p=0.05) in a trial of 114 patients (mean age 44.3
±11.7 years, males 90%) with acute-on-chronic liver failure.

De Pietri et al17 reported that even with factoring in add-
itional costs with performing a TEG test on every patient with
liver disease, overall transfusion costs were lower in the patient
population that received a TEG test compared with those with
conventional coagulation testing only.

Other studies have suggested that TEG may be useful in pre-
dicting the risk or presence of infection in hospitalised patients
with cirrhosis. Montalto et al18 identified one possible mechan-
ism as an exogenous heparin effect induced by infection. TEG
parameters became more hypocoagulable in patients, even days
before an infection was identified.8 14 TEG parameters for
patients that did not develop an infection did not change and
conventional tests did not change in either group.8 14 18 This
suggests that TEG may be a more sensitive test for determining
changes in coagulation status in patients with cirrhosis.8 14 18

Conventional coagulation studies are often inadequate for
managing bleeding in a patient with liver disease because these
studies do not account for the role of platelets in haemostasis.
Platelet dysfunction is widely reported in liver disease and cir-
rhosis, but specific dysfunctions cannot reliably be predicted.1

The TEG reported that our patient’s ADP receptors were 100%
inhibited. ADP receptors, also known as the P2Y12 and P2Y1
receptors, must be activated in order for platelet aggregation
and conformational changes to occur.19 Additionally, fibrin deg-
radation products competitively inhibit the ADP receptors on
platelets.20

Some studies have attempted to characterise a pattern of pre-
dicting whether a patient with cirrhosis will be hypercoagulable
or hypocoagulable, and initial data indicate that there is a statis-
tically significant association with cirrhosis secondary to primary
biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC).
Stravitz14 reported that hypercoagulable TEGs were detected in
43% of patients with PSC, 23% of patients with PBC, 5% of
patients with non-cholestatic liver disease and 0% in healthy
controls. In contrast, conventional coagulation studies did not
differ between patients with cholestatic compared with
non-cholestatic liver disease.14 Pihusch et al9 observed a similar
relationship; that cholestatic disease predisposes patients to a
hypercoagulable state in a cohort of 37 non-cirrhotic patients
with PBC or PSC compared with 53 cirrhotic patients with
hepatitis C. New et al21 also observed this hypercoagulable
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Table 1 Additional laboratory studies

Test: CBC W/Diff (day: HD1) Result Units Ref Rng Fibrin degradation products (HD2) Result Units Ref Rng
WCC 9.4 ×103/μL 3.6–10.6 Fibrinogen degradation products 20 (H) μg/mL <5
RBC 2.95 (L) ×106/μL 4.21–5.92 IgA+IgG+IgM panel (HD2) Result Units Ref Rng
Haemoglobin 8.0 (L) g/dL 12.8–17.7 IgA 905 (H) mg/dL 70–400
Haematocrit 24.3 (L) % 37.5–50.9 IgG 3804 (H) mg/dL 700–1600
MCV 82.3 fL 79.5–96.8 IgM 138 mg/dL 40–230
Platelets 165 ×103/μL 162–427 Kappa+lambda light chains free W/kappa/lambda ratio (HD2) Result Units Ref Rng

Comprehensive metabolic panel (HD1) Result Units Ref Rng Immunoglobulin light chains kappa free 138.44 (H) mg/L 3.30–19.40
Sodium 139 mmol/L 136–145 Immunoglobulin light chains lambda free 55.55 (H) mg/L 5.71–26.30
Potassium 4.1 mmol/L 3.5–5.1 Immunoglobulin light chains kappa/lambda 2.49 (H) 0.26–1.65
Chloride 100 mmol/L 98–107 α-1-antitrypsin (HD3) Result Units Ref Rng
Carbon dioxide 23 mmol/L 22–29 α-1-antitrypsin 116 mg/dL 90–200
Urea nitrogen 14.3 mg/dL 6–20 HIV-1/O/2 Ab (HD3) Result
Creatinine 1.2 mg/dL 0.7–1.2 HIV-1/O/2 Ab Negative

Glucose 110 (H) mg/dL 74–106 Hepatitis virus panel acute (HD2) Result
Alkaline phosphatase 140 (H) U/L 40–129 Hepatitis B virus surface Ag Non-reactive
Alanine aminotransferase 24 U/L 0–41 Hepatitis B virus surface Ab Reactive
Aspartate aminotransferase 73 (H) U/L 0–40 Hepatitis B virus core Ab IgM Non-reactive
Total bilirubin 7.4 (H) mg/dL 0.15–1.2 Hepatitis B virus core Ab IgG Reactive
Direct bilirubin 2.9 (H) mg/dL <0.3 Hepatitis A IgM Non-reactive
Protein 8.6 g/dL 6.6–8.7 Hepatitis C virus Ab Non-reactive
Albumin 2.4 (L) g/dL 3.5–5.2 Hepatitis B virus quant PCR (HD2) Result Units Ref Rng

Coagulation studies (HD1) Result Units Ref Rng Hepatitis B copies/mL None detected IU/mL
Fibrinogen 138 (L) mg/dL 207–454.0 Liver kidney microsomal Ab (HD14) Result Units Ref Rng
Protime 31.5 (H) s 11.8–14.6 Liver kidney microsomal Ab 3.5 Units 0.0–20.0
APTT 62.4 (H) s 23.8–35.5 Mitochondrial Ab (HD3) Result Units Ref Rng
Thrombin time 23.8 (H) s 14.0–20.0 Mitochondrial Ab Negative Negative
INR 3 2.0–4.5 Nuclear Ab panel (HD2) Result Units Ref Rng
Fibrin D-Dimer 10.49 (H) μg/mL <0.5 Nuclear Ab Positive (H) Negative

Probrain natriuretic peptide N-terminal (HD1) Result Units Ref Rng Nuclear Ab titre Positive at 1:160 dilution (H) Titre units Negative <1:80
Pro-BNP 928.0 (H) pg/mL (5.0–125.0) Nuclear Ab pattern Diffuse

Epstein-Barr virus panel (HD16) Result Units Ref Rng Smooth muscle Ab panel (HD14) Result Units Ref Rng
Epstein-Barr virus capsid Ab IgG >600.0 (H) U/mL 0.0–17.9 Smooth muscle Ab <1:10 dilution Titre units Negative
Epstein-Barr virus nuclear Ab IgG >600.0 (H) U/mL 0.0–17.9 Soluble liver Ab (HD 3) Result Units Ref Rng

Factor VIII activity (HD3) Result Units Ref Rng Soluble liver antigen Ab 3.2 Units 0.0–20.0
Factor VIII activity actual/normal 380 (H) % (50–150)
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relationship in PBC and PSC patients in their study of 164
patients who had liver transplants.

CONCLUSION
We chose to perform a TEG because our patient continued to
bleed from his biopsy site for 5 days, despite multiple transfu-
sions of pRBC, FFP and cryoprecipitate. Current guidelines rec-
ommend initiating platelet transfusion in an actively bleeding
patient when platelet counts are under 50 000/μL.22 The TEG
results indicating severe platelet dysfunction had a direct impact
on the management of the patient, suggesting that the 50 000/
μL threshold for platelet transfusion in a bleeding patient may
not be applicable to patients with advanced liver disease.

This case demonstrates the potential utility of TEG in a
patient with cirrhosis and active bleeding, and that TEG could
improve bleeding risk estimations and patient care while redu-
cing costs and complications in the management of liver disease.
The major limitations of TEG include lack of standardisation
among test protocols, availability of TEG machines and training
of technicians. Further research should be conducted in a large
setting to further characterise the utility of TEG in managing
acute bleeding in patients with liver disease.

Figure 1 Thromboelastography (TEG) platelet receptor mapping
function report. ADP or AA receptors can be isolated in TEG to
determine their function by adding ADP or AA to the whole blood
sample, respectively. These receptors are often tested to determine if a
patient is on antiplatelet agents like clopidogrel, prasugrel, ticagrelor
(ADP receptors) or aspirin (AA receptors). The patient’s ADP receptors
were 100% inhibited and AA receptors were 45% inhibited. The
patient was not taking any antiplatelet agents; his platelet dysfunction
was attributed to his high levels of fibrin degradation products that
have been shown to inhibit ADP receptors. High levels of fibrin
degradation products are a hallmark of accelerated intravascular
coagulation and fibrinolysis. AA, arachidonic acid; ADP, adenosine
diphosphate; TEG, thromboelastography.

Figure 2 Final thromboelastography (TEG) report. The TEG reveals a low maximum amplitude (MA), which is a marker for platelet aggregation
and maximum clot strength. Platelet activation and adherence are reported as inhibited, suggesting low function and warranting a platelet
transfusion. Thrombin and fibrinogen are within normal limits. This report changed our management because current transfusion guidelines do not
recommend a platelet transfusion in a bleeding patient with a platelet count >50 000/μL with normal levels of fibrinogen and thrombin. TEG,
thromboelastography; MA, maximum amplitude.
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Learning points

▸ Thromboelastography (TEG) shows potential to improve
bleeding risk estimations, patient care and reduce cost in
managing liver disease.

▸ TEG is a sensitive, specific and fast test that can significantly
affect patient management.

▸ Current transfusion guidelines state that the 50 000/μL
threshold for platelet transfusion in a bleeding patient may
not be applicable to patients with advanced liver disease.

▸ The major limitations of TEG include lack of standardisation
among test protocols, availability of TEG machines and
training of technicians.
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