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ABSTRACT

Background/Aim: Thrombocytopenia is a common finding in patients with cirrhosis and may lead to
unnecessary referral for bone marrow (BM) biopsy. To date, the prevalence of cirrhosis in patients with
thrombocytopenia who receive BM biopsy is largely unknown. Materials and Methods: Between fiscal
years 2006-2010, 744 patients (218 years) who underwent BM biopsies for thrombocytopenia at our hospital
were identified retrospectively. 541 patients were excluded who had hematologic malignancies and received
chemotherapy. Remaining 203 patients with predominant isolated thrombocytopenia were included in the
study. Results: Of 203 patients, 136 (67%) had a normal and 67 (33%) had an abnormal BM examination.
Prevalence of cirrhosis in the study population was 35% (95% CI: 28.4-41.9). 51% patients with normal BM
were found to have cirrhosis compared to 3% of patients with abnormal BM exam (P < 0.0001). Common
causes of cirrhosis were nonalcoholic steatohepatitis (NASH) (47%), followed by alcohol and Hepatitis C
virus infection. Idiopathic thrombocytopenia and myelodysplastic syndrome were most frequent causes
of thrombocytopenia in patients without cirrhosis. Patients with NASH had higher body mass index (BMI)
(33.4 vs. 25.8, P < 0.001) and lower MELD scores (11.1 vs. 16, P = 0.028) when compared to non-NASH
patients with cirrhosis. Conclusion: Approximately, one third (35%) of patients with cirrhosis induced
thrombocytopenia may undergo unwarranted BM biopsies. Clinical diagnosis of cirrhosis is still a challenge
for many physicians, particularly with underlying NASH. We propose cirrhosis to be the prime cause of

isolated thrombocytopenia.
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Thrombocytopenia, defined as a platelet count of less than
150,000 cells/uL is a common manifestation occurring in
approximately 64-76% of patients with portal hypertension
and underlying cirrhosis.!"?! Factors contributing to the
development of thrombocytopenia in cirrhosis include
splenic sequestration of platelets, bone marrow suppression,
interferon based therapies, and reduced level or activity of
thrombopoietin (TPO).B¥'TPO is predominantly produced
in the liver, and thrombocytopenia may develop when TPO
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is increasingly degraded by platelets sequestered in the
congested spleen.” In patients with hepatitis C related liver
disease, autoantibodies against platelet surface antigens can
promote platelet sequestration and destruction by cells of
the reticulo-endothelial system.®!

Cirrhosis is a histological diagnosis; however in patients
with chronic liver disease (CLD), presence of various
clinical features can suggest cirrhosis, and liver biopsy
1s mostly redundant and unsafe."™"! In clinical practice,
history of predisposing factors, presence of stigmata of CLD,
palpable left lobe or small liver span, splenomegaly, signs
of liver decompensation, findings on abdominal imaging
studies,>! laboratory data,"*"! and upper endoscopic
findings!"®"" usually provide major clues for underlying
cirthosis. One study demonstrated that cirrhosis can be
correctly diagnosed in 82-88% of patients with CLD by
simply using a few ultrasonographic signs. Nonetheless, the
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diagnostic accuracy of ultrasound is decreased by anatomical
limitations of this technique.!™ Another study determined
the utility of a panel of serum fibrosis markers along with
routine laboratory tests in estimating the likelihood of
histological cirrhosis in a cohort of prior non-responders
with chronic hepatitis C." In recent years, noninvasive
tests have shown their ability to identify significant fibrosis
and cirrhosis. 202!

Bone marrow biopsy is frequently done in clinical practice to
evaluate thrombocytopenia. It is an invasive procedure that
carries risks of pain, bleeding and infection.?>#* Potentially
fatal cardiovascular complications have been noted with
sternal aspiration.** Two deaths attributed to laceration
of blood vessels have been reported in the literature. >
Patients with cirrhosis are particularly at a greater risk for
hemorrhage with bone marrow biopsy.?’!

To date, the prevalence of cirrhosis in patients with
thrombocytopenia who undergo bone marrow is unknown.
Routinely, we encounter several patients referred to us
by hematologists for the evaluation of cirrhosis after an
extensive negative work-up for thrombocytopenia. The aim
of this study was to precisely evaluate such prevalence.

MATERIALS AND METHODS

Patient selection

Retrospectively, 744 patients with age =18 years who
underwent bone marrow biopsies/aspirations between
the fiscal years 2006 and 2010 at Community Regional
Medical Center, an urban tertiary referral teaching
hospital and Cancer Care Associates, Fresno, California
for thrombocytopenia were initially identified by using
electronic medical records and appropriate ICD codes.
Among them, patients with hematologic malignancies, and
those who received chemotherapy during the past 3 months
were excluded. The remaining 203 patients were included
in the study. This study was approved by the University
of California, San Francisco, Fresno Medical Education
Program (UCSF I'resno MEP) institutional review board.

Diagnosis of cirrhosis

Cirrhosis was diagnosed clinically in majority of cases except
for few patients who have had liver biopsies in the past.
Combinations of various pertinent clinical findings such as
ascites, splenomegaly, endoscopic evidence of esophageal
varices and/or radiologic evidence of cirrhosis were used
to establish the clinical diagnosis of cirthosis.*'*!”) Non-
alcoholic steatohepatitis (NASH) induced cirthosis was
diagnosed after exclusion of other causes of cirrhosis along
with the presence of features of metabolic syndrome, such as
body mass index (BMI>25), hypertension (HTN), diabetes
mellitus (DM) and dyslipidemia.
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Viral hepatitis panels, antinuclear antibody, anti-smooth
muscle antibody, anti-mitochondrial antibody, coagulation
parameters, ceruloplasmin, and iron studies were available
for most of the patients. Also, patients’ demographics
and past medical, surgical and social history along with
imaging studies and endoscopic findings were reviewed
retrospectively. The models for end-stage liver disease
(MELD) scores were calculated.

Bone marrow analysis

The primary indication for BM biopsy was isolated
thrombocytopenia. All patients were evaluated for cellularity,
dysplasia, malignancy, lymphocytosis, plasmacytosis, and
myeloid: erythroid ratio. A diagnosis of dysplasia was made
when signs of dyspoiesis in the erythroid lineage (nuclear
irregularities, nuclear budding, internuclear bridging),
myeloid lineage (abnormal lobation and/or granulation),
and/or megakaryocytic lineage (small hypolobated forms,
multinucleated forms) were present in greater than 10% of
the cells within each lineage, in accordance with current
World Health Organization criteria. %%

Statistical analysis

The collected data was tabulated using Microsoft excel and
analysis was performed using Stata, version 11.1. Continuous
variables are summarized as mean * standard deviation and,
comparisons between continuous variables were analyzed
using Student t test. Wilcoxon (Mann-Whitney) rank-sum
test was used to calculate P value for continuous variables
with non-Gaussian distribution and values reported as
median. Categorical variables are summarized as percentage
of the group total and, comparisons between groups were
analyzed using Fisher exact test or Chi-square test where
appropriate. A P value of less than 0.05 was considered
to be statistically significant. Prevalence rates with 95%
Confidence Interval (CI) were reported where necessary.

RESULTS

During the study period from 2006 to 2010, a total of 203
patients who underwent BM biopsy for the diagnostic
evaluation of thrombocytopenia were identified (Males =
117; Females = 86) with mean age of 60.2 % 17.4 years,
range 18-93 years [Table 1]. Mean platelet count in the study
population was found to be 69.9 = 33 k/ul..

Out of 203 isolated thrombocytopenia patients, 24 (12%)
had known pre-existing liver disease, while 179 (88%) had
no known underlying liver disease. Among patients with pre-
existing liver disease (n = 24), only one had an abnormal
bone marrow biopsy positive for Coccidoidomycosis,
and among those with no known underlying liver discase
(n=179), 113 (63%) had normal BM biopsy and 67 (37%)

had abnormal BM biopsy results. Further analysis revealed



that 47 (about 25%) patients with no known pre-existing liver
disease were found to have cirrhosis and only one patient
among them had an abnormal bone marrow exam consistent
with myelofibrosis [Figure 1].

Total prevalence of cirrhosis in the study population was
found to be 35% (95% CI: 28.4-41.9). 51% patients with
normal BM examination were found to have cirrhosis
compared to 3% of patients with abnormal BM exam (P <
0.0001).

Based on predominant ctiology of cirrhosis, study patients
were categorized into NASIT and non-NASI groups. Table 2
lists the comparisons between these two groups. The groups
were similar with respect to sex and mean age. The mean
BMI of patients with NASH was significantly higher than
patients with all other ctiologies of cirthosis (33.4 = 5.7
versus 25.8 = 6). NASH group had higher albumin levels

Table 1: Baseline demographics of the study subjects

Demographics (n = 203) Values
Age in years (mean +SD) 60.2+17.4
Gender
Male—no. (%) 117 (57.6)
Female—no. (%) 86 (42.4)
Race/Ethnic group-no. (%)
White 70 (34.5)
Hispanic 67 (33)
Asian 32 (15.8)
African American 19 (9.4)
Others and unknown 15 (7.4)

Bone marrow biopsy and cirrhosis

compared to non-NASH group (P = 0.015). MELD scores
were relatively lower in NASI group when compared with
non-NASI group (11.1 = 7.1 versus 16 = 8.6, P = 0.028).
No statistically significant differences were noted across
ethnicities and in other findings like platelet counts, ascites,
splenomegaly, hepatomegaly, and hepatic encephalopathy.
Various other relevant clinical and laboratory parameters
compared between NASH and non-NASH groups are listed
in Table 2.

Bone marrow findings

Out of 203 study patients, 67 with normal bone marrow
(49% of patients with normal BM or 33% of all study
patients) had etiology of thrombocytopenia other than
cirrthosis. Among non-cirrhotic patients, idiopathic
thrombocytopenic purpura (ITP) (29 patients; 21% of
normal BM) was the most common finding followed by
unknown etiology (20 patients; 15% of normal BM). About
5% had the miscellancous causes of thrombocytopenia,
such as drug induced thrombocytopenia, disseminated
intravascular coagulation and Mycobacterial infection. Out
of all patients who had abnormal BM, only two patients had
cirrhosis as described above. Most common findings in this
group were myelodysplastic syndrome (MDS) followed by
leukemia and myelofibrosis [Tables 3 and 4].

DISCUSSION

Thrombocytopenia is the most common and first abnormal
hematologic indices to occur in patients with cirthosis, followed
by leukopenia and anemia.>*" Thrombocytopenia should

Total patients who
underwent BM

Pre-existing liver
disease (n=23)

biopsy

(n=203)
Normal bone
marrow (n=136)
No pre-existing
liver disease
(n=113)
Cirrhosis found No cirrhosis

(n=46)

(n=67)

Abnormal bone
marrow (n=67)

Pre-existing liver
disease (n=1)

No pre-existing
liver disease
(n=66)

Cirrhosis found
(n=1)

No cirrhosis
(n=65)

Figure 1: Schema of the study patients who underwent BM biopsy for thrombocytopenia
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Table 2: Comparison of baseline characteristics of NASH and Non-NASH subjects

Characteristics NASH (n = 33) Non-NASH (n = 38) P value*

Demographics 0.169
Age—years (mean + SD) 63.6+12 59.5+12.7

Gender 0.638
Male—no. (%) 17 (51) 22 (58)

Female—no. (%) 16 (48.5) 16 (42)

Race/Ethnic group—no. (%) 0.609
White 12 (36.4) 13 (34)

Hispanic 10 (29) 11 (30)
Asian 7(21.2) 4(10.5)
African American or Black 2(6.1) 7(18.4)
Others and unknown 2(6.1) 3(8)

BMI—kg/m?(mean + SD)Labs 33.4+57 258+6 <0.0001
Platelets—(mean + SD)K/ul 77.2+28.3 65.5+27.8 0.084
WBC counts—median(range) K/ul 4.2 (1.4-11) 4.3 (1.4-36) 0.665
Hemoglobin—(mean + SD) (g/dl) 12+2.3 10+2.1 0.003

Liver function tests
AST—median(range) U/L 30.5(12-523) 41.5 (15-377) 0.031
ALT—median(range) U/L 29 (12-350) 43.5 (9-985) 0.037
AlkPhos—(mean = SD)U/L 103.5+54.8 172 + 136 0.010
Bilirubin—median(range) mg/dl 1.2(0.2-13.5) 1.3(0.3-15.9) 0.409
Albumin—(mean + SD)g/dI 3.5+0.9 3+0.8 0.015
Creatinine—median(range) mg/d| 1(0.4-11) 1.3 (0.4-7.8) 0.039
INR—(mean + SD) 1.3+£0.7 1.7+1.2 0.240
LDL—median(range) mg/dl 61 (44-279) 77 (36-286) 0.731
Triglycerides—median(range) mg/d| 122 (40-207) 100.5 (42-269) 0.674
HbA1c—(mean % SD) 73+17 6.2+1.1 0.105
Glucose—median (range) mg/dl 154 (86-364) 135 (81-392) 0.079

Ascites—no. (%) 8 (25.8) 15 (39.5) 0.173
US/CT imaging available—no. (%) 30 (90.9) 32 (84.2) 0.316

Splenomegaly—no. (%) 16 (53.3) 17 (53) 0.954
Hepatomegaly—no. (%) 7(23.3) 13 (42) 0.101
Fatty liver—no. (%) 8 (26.7) 4(12.9) 0.152
Cirrhotic liver—no. (%) 14 (46.7) 15 (46.9) 0.594
Hepatic Encephalopathy—no. (%) 5(15.6) 11 (30.6) 0.122
No preexisting liver disease—no. (%) 29 (87.9) 18 (47.4) 0.000
Hypertension—no. (%) 23 (71.9) 20 (52.6) 0.080
Diabetes Mellitus—no. (%) 20 (62.5) 12 (32.4) 0.012
Dyslipidemia—no. (%) 14 (46.7) 10 (27) 0.079
MELD score—(mean + SD) 1M11+£71 16+ 8.6 0.028

*P value calculated using Fisher’s exact test for categorical variables and student’s t-test for continuous variables. Wilcoxon (Mann-Whitney) rank-sum test used

to calculate P value for variables in non-Gaussian distribution and values reported as median. P value < 0.05 is considered statistically significant. SD: Standard
deviation , NASH: Non-alcoholic steatohepatitis, BMI: Body mass index, WBC: White blood cell count, AST: Aspartate aminotrasferase, ALT: Alanine aminotransferase,
INR: International normalized ratio, LDL: Low density lipoprotein, US/CT: Ultrasound/computed tomography, MELD: Model for end-stage liver disease

therefore deserve crucial respect while evaluating patients with
chronic liver disease. Severe thrombocytopenia (platelet count
<50,000) is rare in cirrhosis but moderate thrombocytopenia
has been found to be the most common presentation in
patients with cirrhosis related hematological abnormality.>!”!
Platelet count of <88,000 is found to be associated with the
presence of esophagogastric varices.P!! Mean platelet count
in our total study population was 69.9 = 33 k/ul,, while it was
70.1 = 28.4 k/uL in study patients with cirrhosis.
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Due to its close association with metabolic syndrome,
the liver related mortality has recently been shown to
increase 10 to 20 fold, and cirrhosis is presently considered
an independent cause of death, ranking third among the
most frequent causes after cardiovascular disease and
neoplasia.?**! The diagnosis of cirrhosis can sometimes be
a challenge for primary care physicians. Liver biopsy which
has traditionally been used to confirm cirrhosis is now rarely

e o

needed for this purpos I' As mentioned earlier, careful



Table 3: Etiology of thrombocytopenia in patients with
abnormal BM findings (n = 67)

Etiology Number (%)
Myelodysplastic syndrome 19 (28.4)
Leukemia 13 (19.4)
Myelofibrosis and hypocellular 10 (15)
Marrow

Lymphoma 07 (10.5)
Infections 07 (10.5)
Multiple myeloma 04 (6)
Various 07 (10.5)

BM: Bone marrow

Table 4: Etiology of Cirrhosis in the study population
(n=171)

Etiology Number (%)
Non-alcoholic steatohepatitis (NASH) 33 (46.5)
Alcohol 10 (14.1)
Hepatitis C 09 (12.7)
Hepatitis C and Alcohol 11 (15.5)
Hepatitis B and C 02 (2.8)
Hepatitis B 01(1.4)
Unknown 05 (7)

history and physical examination combined with certain
routine laboratory tests, imaging and endoscopic findings
can usually provide important clues as to the presence of
cirthosis and may suggest an ctiology.**1*18l

Although hepatitis C is considered a leading cause of
cirthosis in the United States, the prevalence of nonalcoholic
fatty liver disease (NAFLD) and NASH is now increasing,
and it was estimated to be 17-33% for NAFLD and 5.7-
16.5% for NASH.*®! Our study clearly demonstrates that
among patients with cirrhosis, NASH (47%) followed by
a combination of alcohol plus HCV (16%), and alcohol
alone (14%) were the most common causes of cirrhosis in
patients who were referred to hematologists and underwent
unwarranted bone marrow biopsy [Table 4]. This alludes
to the fact that NASH is perhaps the most common cause
that is likely to be missed by primary physicians due to
the absence of easily noticeable etiologies of chronic liver
discase.

We admit the fact that the diagnosis of NASH was based
on non-invasive clinical criteria; nevertheless, the presence
of higher BMI and increased prevalence of diabetes
mellitus in the absence of other etiologies supported this
diagnosis. In addition, there was an increased trend noted
for hypertension and dyslipidemia in these subjects, though
not statistically significant. Interestingly, patients with
NASH were noted to have lower MELD scores, higher
hemoglobin, and increased albumin as compared to non-
NASH group Table 2; thus indicating an early detection

Bone marrow biopsy and cirrhosis

and evaluation of thrombocytopenia in this particular
population.

The study demonstrated that about half of the patients
(51%) with normal BM had cirrhosis. In patients without
cirthosis, about 49% revealed abnormal BM results. In our
study, only 2 out of 71 cirrhosis patients who underwent BM
biopsy had abnormal results, indicating that the majority
(97%) of patients with cirrhosis had absolutely normal BM
biopsies. Out of those 71 patients, 24 had pre-existing liver
disease and 47 were later found to have cirthosis with no
known pre-existing liver disease [Figure 1]. The 2 abnormal
BM biopsy results among cirrhosis patients were attributed
to Coccidoidomycosis and myelofibrosis respectively. These
results highlight the importance of evaluating patients with
thrombocytopenia for the presence of cirrhosis that would
help avert unnecessary bone marrow biopsy.

Our study underscores the significance of clinical diagnosis
of cirrhosis, particularly of NASH that can be challenging
for both primary care physicians and various other
specialists. The work up described in literature is perhaps
misleading and fails to emphasize cirrhosis as an important
cause of thrombocytopenia. Similarly, there are currently
no appropriate guidelines for primary care physicians to
triage thrombocytopenic patients to appropriate sub-
specialties. The study therefore highlights the need to
educate physicians on how to diagnose cirrhosis non-
invasively and correlate features of metabolic syndrome
with chronic liver disease. Without knowing the diagnostic
significance of thrombocytopenia in cirrhosis, health
care providers can easily be misguided, thus potentially
affecting the overall patient care, and increasing the
burden on health resources. It is important to note that
patients with NASH have increased overall and liver-related
mortality.**]

CONCLUSION

We conclude that patients with cirrhosis and particularly,
with NASH induced cirrhosis are more likely to be
referred to hematologist/oncologist for the evaluation of
thrombocytopenia than patients with all other etiologies
leading to unwarranted BM biopsies. We strongly consider
this as a lack of proper awareness about NASH, and the
difficulties in diagnosing NASII induced cirrhosis in
the primary care setting. This also reflects inadequacy
in multidisciplinary collaborative efforts for clinical
care of such patients. There is presently a substantial
need for education in the area of understanding of the
pathophysiological mechanisms involved in NASH, its
relationships to insulin resistance and the metabolic
syndrome. In future, the indications for invasive
procedures such as liver and bone marrow biopsies need
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to be redefined particularly in the era of rampant NAFLD
and growth in the development of non-invasive modalities
to diagnose cirrhosis.
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