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In recent years, US hospitals have switched from use of un-
fractionated heparin to use of low-molecular-weight heparin,
which is associated with lower risk of heparin-induced throm-
bocytopenia (HIT). In the study reported here, we retrospec-
tively searched the Nationwide Inpatient Sample (NIS) for
patients who were at least 18 years old and received a diag-
nosis of HIT between 2009 and 2011. Our goal was to get an
updated perspective on the incidence and economic impact
of HIT. We calculated the incidence of HIT overall and in sub-
groups of patients who underwent cardiac, vascular, or ortho-
pedic surgery. We compared characteristics of patients with
and without HIT and compared characteristics of patients with
HIT with thrombosis (HITT) and HIT patients without throm-
bosis. Of 98,636,364 hospitalizations, 72,515 (0.07%) involved

HIT. Arterial and venous thromboses were identified in 24,880
(84.3%) of HIT cases. Men were slightly more likely to have a
HIT diagnosis (50.1%), but women had higher rates of HIT after
cardiac surgery (odds ratio [OR], 1.41; 95% confidence interval
[CI], 1.26-1.58) and vascular surgery (OR, 1.42; 95% ClI, 1.29-
1.57). Rates of HIT were 0.53% (95% ClI, 0.51%-0.54%) after
cardiac surgery, 0.28% (95% Cl, 0.28%-0.29%) after vascular
surgery, and 0.05% (95% ClI, 0.05%-0.06%) after orthopedic
surgery. HIT and HITT cases were significantly (P < 0.001) more
likely than non-HIT cases to be fatal (9.63% and 12.28% vs
2.19%), and they had significantly higher costs and longer in-
patient stays. HIT and especially HITT are associated with in-
creased mortality, costs, and length of stay. Journal of Hospital
Medicine 2017;12:94-97. © 2017 Society of Hospital Medicine

Each year, approximately one-third of all hospitalized med-
ical and surgical patients in the United States (about 12
million patients) are exposed to heparin products for the
prevention or treatment of thromboembolism.! Although
generally safe, heparin can trigger an immune response in
which platelet factor 4-heparin complexes set off an anti-
body-mediated cascade that can result in heparin-induced
thrombocytopenia (HIT) and paradoxical arterial and ve-
nous thromboses, or heparin-induced thrombocytopenia
with thrombosis (HITT). The incidence of HIT appears to
be significantly higher with the more immunogenic unfrac-
tionated heparin (UFH) (2%-3% if treated for >5 days) than
with low-molecular-weight heparin (LMWH) (0.2%-0.6%)?
and is significantly higher in postoperative patients (1%-
5%) than in medical patients.> Older patients and female
patients, especially those who undergo surgery, are thought
to be at higher risk.* Progression from HIT to HITT can oc-
cur in up to 50% of surgical patients,” and HITT can signifi-
cantly increase mortality.*

In the United States, LMWH use has increased 5-fold since
2000—an increase attributed to the 2010 release of generic
enoxaparin.® As US hospitals switch from UFH to LMWH
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with its significantly lower risk of HIT, up-to-date HIT inci-
dence data may help physicians and payers better understand
the impact of the disorder on mortality and hospital length
of stay (LOS) for medical patients and subsets of surgical
patients and subsequently direct screening efforts to those
at highest risk. Therefore, in the present study, we used na-
tional data to determine the latest incidence and economic
implications of HIT overall and for high-risk surgical groups.

METHODS
In this study, we analyzed data from the Nationwide Inpa-
tient Sample (NIS) database, part of the Healthcare Cost
and Ugtilization Project (HCUP) of the Agency for Health-
care Research and Quality (AHRQ). The period studied was
2009-2011. We used International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) code
289.84, introduced in 2009, to identify patients who were
at least 18 years old and had a primary or secondary diagno-
sis of HIT. Validated Clinical Classifications Software (CCS)
was used to identify those who underwent cardiac, vascular,
or orthopedic surgery, and ICD-9-CM codes for various
thromboses were used to identify those with HITT (Supple-
mental Figure, Supplemental Table 1). Baseline patient and
hospital characteristics were compared using the Pearson’s
Chi-square test for categorical variables and the Student ¢
test for continuous variables (2-sided P < 0.05 for statistical
significance) (Table 1). We calculated the incidence of HIT
overall and for the 3 surgical subgroups and compared the
cohorts on their mean hospital LOS, mean hospital charge,
and in-hospital mortality (Table 2).

Statistical analysis was performed with Stata Version 13.1
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TABLE 1. Baseline Characteristics of Patients With HIT and HITT

No HIT HIT HIT w/o thrombosis HITT
Characteristic (n = 98,5683,849) (n=72,515) P (n = 47,635) (n =24,880) P
Mean (SD) age, y 57.29 (20.79) 65.25 (15.64) <0.001 65.14 (15.91) 65.46 (15.04) 0.32
Female sex 59.62 49.88 <0.001 50.45 48.77 0.08
Race 0.002 0.009
White 68.35 67.05 65.76 69.56
Black 15.03 1712 18.24 14.94
Hispanic 10.57 8.94 9.12 8.59
Other/unknown 6.05 6.89 6.88 6.91
Insurance <0.001 <0.001
Medicare 4522 63.02 65.34 58.58
Medicaid 15.45 9.78 9.87 9.62
Private 29.86 21.22 19.57 24.56
Self-pay 5.57 3.09 2.66 3.91
No charge 0.57 0.47 0.42 0.57
Other 3.33 2.41 2.24 2.76
Region 0.15 0.07
Northeast 20.05 17.79 18.22 16.96
Midwest 23.08 21.31 20.77 22.35
South 38.35 43.10 43.55 4223
West 18.52 17.81 17.47 18.46
Hospital location/teaching status <0.001 0.21
Rural 12.46 5.10 5.29 472
Urban/nonteaching 41.80 38.68 39.01 38.05
Urban/teaching 45.75 56.23 55.70 57.23
Hospital size (number of beds) <0.001 <0.001
Small (1-49) 12.36 10.44 10.94 9.49
Medium (50-99) 23.87 20.29 2112 18.70
Large (100+) 63.77 69.26 67.93 71.81

NOTE: Abbreviations: HIT, heparin-induced thrombocytopenia; HITT, heparin-induced thrombocytopenia with thrombosis.

(Stata Corp, College Station, TX). Survey commands were
used to account for the complex survey design in NIS. Read-
ing Health System’s Institutional Review Board determined
that our study protocol was exempt.

RESULTS

Of 98,636,364 hospitalizations, 72,515 (0.07%) involved
HIT. There were no significant differences in the annual
incidence of HIT during the study period (0.06% in 2009,
0.05% in 2010, 0.06% in 2011).

Patients with HIT were older than patients without HIT
(mean age, 65.3 vs 57.3 years; P < 0.001). HIT was slightly
more common in men overall (OR, 1.48; 95% CI, 1.46-1.51),
but subgroup analyses revealed women had higher rates of HIT
after cardiac surgery (OR, 1.41; 95% CI, 1.26-1.58) and vascu-
lar surgery (OR, 1.42; 95% CI, 1.29-1.57), though not after or-
thopedic surgery (OR, 1.06; 95% CI, 0.89-1.26). The majority
of HIT cases were in urban teaching hospitals (56.23%) and in
large hospitals, those with at least 325 beds (69.26%). There
was no difference in mean age between patients with HITT
and patients with HIT without thrombosis (65.46 vs 65.14
years; P = 0.32). Although the incidence of HITT did not dif-
fer by hospital location or teaching status, HITT cases were
more common in hospitals with at least 325 beds (71.81%).

Regarding HIT, the death rate was 4-fold higher for pa-
tients with the disorder (9.63%) than for those without it
(2.19%); hospital LOS and costs were significantly higher,
too (Table 2). In addition, in-hospital mortality was higher
(P < 0.001) for patients with HITT (12.28%) than for pa-
tients with HIT without thrombosis (8.24%); HITT patients’
hospital LOS and costs were higher as well. In patients who
had cardiac, vascular, or orthopedic surgery, development of
HIT was also associated with significantly higher in-hospital
mortality, mean hospital LOS, and mean hospital charge. In
patients with HITT, deep vein thrombosis (DVT) and pul-
monary embolism represented the majority of reported cases
(Supplemental Table 2). However, in patients who had cardi-
ac surgery, acute arterial thromboses of coronary and cerebral
vessels were more common.

DISCUSSION

In this national database survey, the overall incidence of
HIT during the study period 2009-2011 was 0.07%, or 1
in 1350 hospitalized patients. Although earlier studies re-
ported rates as high as 5% for high-risk subgroups of surgical
patients,” our data are more in line with more recently re-
ported rates: about 0.02% for hospital admissions® and from
less than 0.1% to 0.4% for patients who received heparin.’
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TABLE 2. In-Hospital Mortality, Mean Hospital LOS, and Mean Hospital Charge for Patients With HIT and HITT,

Overall and in Cardiac, Vascular, and Orthopedic Surgery

Overall No HIT (n = 98,563,849) HIT (n=72,515) P HIT w/o thrombosis (n = 47,635) HITT (n =2 4,880) P
In-hospital mortality 2.19% 9.63% 8.24% 12.28%
(OR 4.75,95% Cl 4.45-5.08) <0.001 (OR 1.56, 95% CI 1.40-1.74) <0.001
Mean LOS (days) 4.76 14.07 12.80 16.51
(95% Cl 4.71-4.82) (95% CI 13.67-14.48) <0.001 (95% C112.38-13.23) (95% Cl 15.96-17.06) <0.001
Mean total hospital charge 35905 137401 <0.001 115456 179735 <0.001
(USD) (95% Cl 34626-37185) (95% Cl 129369-145433) (95% CI 108251-122661) (95% CI 168582-190889)
No HIT HIT (% of total) P
Cardiac surgery n=1305639 n=6888 (0.52%)
In-hospital mortality 4.31% 14.66% (OR 3.81, 95% Cl 3.24-4.49) <0.001
LOS (days) 9.02 (95% Cl 8.81-9.23) 20.44 (19.37-21.52) <0.001
Mean hospital charge (USD) 145616 (95% Cl 138071-153161) 318885 (95% Cl 295967-341803) <0.001
Vascular surgery n = 3189979 n=28989 (0.28%)
In-hospital mortality 2.80% 9.79% (OR 3.77,95% Cl 3.21-4.43) <0.001
LOS (days) 6.05 (95% Cl 5.89-6.20) 17.36 (16.55-18.17) <0.001
Mean hospital charge (USD) 85929 (95% Cl 81879-89979) 214849 (95% Cl 198542-231156) <0.001
Orthopedic surgery n = 5279871 n=2795 (0.05%)
In-hospital mortality 0.52% 2.81% (OR 5.52,95% Cl 3.31-9.25) <0.001
LOS (days) 417 (95% Cl 4.10-4.22) 10.17 (95% C19.19-11.14) <0.001
Mean hospital charge (USD) 53297 (95% CI 51387-55207) 104810 (95% Cl 94544-115077) <0.001

NOTE: Abbreviations: Cl, confidence interval; HIT, heparin-induced thrombocytopenia; HITT, heparin-induced thrombocytopenia with thrombosis; LOS, length of stay; OR, odds ratio.

Older studies, which predominantly involved postopera-
tive patients and were conducted when UFH often was the
first-line heparin product used, may account for higher rates
relative to ours. Of the 3 types of surgeries we evaluated,
cardiac surgery had the highest HIT rate (0.5%), consistent
with other studies.* The higher HIT/HITT rates found for
larger urban hospitals in our study might be attributable to
increased awareness and testing, availability of hematology
consultation, and higher risk of heparin use in this setting,
where patients are sicker and cases and procedures more
complicated.

Age was an important determinant of HIT risk in our
study and in similar large-database series.* Whether in-
creased UFH use in the elderly (because of age or kidney
disease) was a causative factor in this finding is unknown. In
our study, although men and women had a nearly equal inci-
dence of HIT, women had a significantly higher risk of HIT
after both cardiac surgery and vascular surgery. Immune-me-
diated mechanisms that are more common in females may
play a causative role in these settings.!°

Our study results showed HIT associated with increased
hospital LOS and an almost 4-fold increase in inpatient
mortality and costs. The increased economic burden in HIT
cases may be driven by the diagnostic work-up cost and
expensive alternative anticoagulation.!™? Similarly, com-
pared with HIT without thrombosis, HITT was associated
with significantly increased hospital LOS (3.7 days), total
hospital charge ($64,279) and mortality (49% increase, to
12.2% from 8.2%), consistent with prior studies.’® In addi-

tion, 34.1% (24,704) of our HIT patients developed at least
1 thrombotic complication, with venous thromboses more
common than arterial thromboses, as previously reported.!
Lower extremity DVT was the most common thrombosis in
orthopedic and vascular surgery. However, in cardiac surgery,
acute coronary occlusion was the most common thrombotic
complication. We postulate that the difference stems from
the increased propensity of HIT-related thrombosis to occur
in areas of vascular injury.™*

The strengths of our study include its large size, which
increases the generalizability of its results and avoids the
biases inherent in small, single-center studies. As with any
administrative dataset, the NIS may include coding errors
related to underdiagnosis and overdiagnosis (eg, a HIT/
HITT diagnosis carried forward from prior episodes). In our
study, we inferred the HITT diagnosis in HIT cases with a
vascular complication, but we could have missed HIT cases
that had not been coded for vascular complications, and we
could have overassociated vascular complications that had
predated HIT and been treated with heparin. Although HIT
and HITT were associated with worse clinical outcomes and
increased hospital LOS, it is possible patients who were hos-
pitalized longer had more opportunities for heparin use, and
this exposure led to HIT or HITT. The lack of details re-
garding prior heparin use, including type of heparin (UFH
or LMWH), prevented us from inferring the actual risks of
individual heparin products.

In conclusion, in cardiac, vascular, and orthopedic surgery,
HIT and especially HITT can significantly increase hospital
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LOS, inpatient costs, and mortality. Lower extremity DVT
and acute coronary artery occlusion are the most common
thrombotic complications in these cases. HIT screening
strategies that incorporate platelet counts are recommended
only in patients at highest risk (>1%), according to the most
recent American College of Chest Physicians guidelines, but
this recommendation was made on the basis of the high cost
of alternative anticoagulants. Given our more recent data
regarding the very high costs of HIT and especially HITT,
screening strategies with platelet counts may prove more
cost-effective. Recent genome-wide studies that found high-
er rates of HIT in patients with T-cell death—associated gene
8 (TDAGS) may help explain sex differences in postopera-
tive patients and identify patients at highest risk so alterna-
tive anticoagulants can be used."
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