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Abstract: Background: Heparin-induced thrombocytopenia (HIT) is an extremely serious and potentially fatal condi-
tion that can develop in patients taking heparin-based medications, such as unfractionated heparin (UFH) or low-
molecular-weight heparin (LMWH). The incidence and risk factors for HIT in critically ill patients, however, are not
well defined. Methods: We retrospectively collected data on HIT test results, route of heparin administration, age,
sex, heparin type (UFH or LMWH), and date of iliness from patients admitted to the intensive care unit (ICU) and
regular nursing floor (non-ICU) at our hospital between January 2011 and December 2014. We screened patients
for HIT using the 4T score and confirmed the diagnosis through laboratory testing (direct enzyme immunoassay im-
munoglobulin G [IgG] or a platelet-activating antibody). Results: We screened a total of 946 patients, 56 (5.9%) of
whom were positive for HIT. Among 776 patients receiving UFH and 180 receiving LMWH, 2.8 and 6.6% developed
HIT, respectively (P = 0.051). We then classified our patients into two groups: ICU, and non-ICU. In the non-ICU
group (n = 317), 4 (2.7%) patients receiving LMWH and 25 (5.1%) receiving UFH were positive for HIT (P = 0.221).
In the ICU group (n = 639), 1 (3.1%) patient receiving LMWH and 26 (9.1%) receiving UFH were positive for HIT (P
= 0.249). The ICU group, therefore, had a higher cumulative incidence rate of HIT than the non-ICU group (8.5 vs.
4.5%). Conclusion: HIT was more common in ICU patients than non-ICU patients and in more patients receiving UFH
than LMWH, although the differences were not statistically significant. Early diagnosis and appropriate treatment
are essential to prevent adverse outcomes in patients with HIT.

Keywords: Heparin-induced thrombocytopenia, heparin, intensive care unit, critical iliness, low molecular weight
heparin

Introduction based medications, unfractionated heparin
(UFH), and low-molecular-weight heparin (LM-
WH). Medical professionals need to be more
aware of the presence of HIT to ensure its
detection, treatment, and prevention of its seri-
ous repercussions, especially considering rele-
vant literature reports. HIT-related mortality is
estimated to be 20-30% [5]. The morbidity and
mortality of HIT are affected by the misdiagno-
sis of the condition, along with the misunder-

Heparin and its derivatives are widely used as
anticoagulants for the prevention and treat-
ment of various medical conditions. Among the
most common applications of heparin are pro-
phylaxis and treatment of deep venous throm-
bosis [1-4]. While hemorrhagic episodes are
the prevailing adverse effects associated with
heparin, some individuals are prone to develop-

ing thrombotic complications secondary to hep-
arin-induced thrombocytopenia (HIT) [1]. HIT is
a severe and potentially fatal immunologically
mediated adverse drug reaction to heparin-

standing of the course of the illness [1].

The incidence of HIT is significantly reduced in
patients receiving LMWH (0.1-0.5%) than in
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There is a paucity of studies analyz-
ing the frequency of HIT in Saudi
Arabia, particularly in critically ill ICU
patients. The present study, there-
fore, aimed to retrospectively evalu-
ate and compare the risk of develop-
ing HIT in association with the use of
UFH and LMWH, specifically in
patients admitted to medical wards
and ICUs. The present study was a
retrospective analysis of data from a
large tertiary care center in Riyadh,
Saudi Arabia.

Materials and methods

Figure 1. Depicts the annual development of HIT from January 2011

to December 2014.

those receiving UFH (0.5-1%) [2, 4-8]. Numerous
patient and drug related factors influence the
likelihood of someone developing HIT, although
the factors most closely linked to an increased
likelihood of developing HIT include the length
of heparin therapy, type and dose of heparin
used, underlying indications for heparin treat-
ment, and patient sex [8-10].

HIT should be suspected in patients who have
new complaints of new-onset thrombocytope-
nia, development of venous or arterial thrombo-
ses, or necrotic skin lesions at heparin injection
sites after receiving prolonged LMWH treat-
ment or starting heparin within the preceding
5-10 days [11, 12]. Thrombocytopenia affects
95% of all patients with HIT and is caused by
platelet removal and consumption [13, 14]. HIT
is a highly prothrombotic state, and as a result,
25-64% of individuals with HIT develop arterial
or venous thromboses [2, 3, 5]. Thrombotic dis-
orders can affect any part of the vasculature;
however, venous thrombosis is most commonly
observed and can cause gangrene, adrenal
hemorrhage, skin necrosis, and/or pulmonary
embolism [12, 15-17].

Diagnosing HIT can be challenging, especially
in critically ill patients in the intensive care unit
(ICU), where thrombocytopenia and thrombo-
ses are common for a variety of reasons [18-
22]. The overall incidence of HIT reported in ICU
patients is estimated to be between 0.4-3%
[23, 24]. In a German study of 12,528 medical-
surgical ICU patients, Selleng et al. [25] report-
ed an incidence of HIT of 0.21%. Another large,
randomized trial of 3,764 patients found the
overall incidence of HIT to be 0.4% [6].
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We conducted a retrospective study

of all patients who received heparin
(UFH or LMWH) and were diagnosed with HIT
between January 2011 and December 2014 at
King Faisal Specialist Hospital and Research
Center (KFSHRC), Riyadh, Saudi Arabia (Figure
1). The data we collected included the HIT test
results, enzyme-linked immunosorbent assay
(ELISA) confirmation test results, age, sex, ICU
status, type of heparin (UFH or LMWH), and
route of administration (Table 1). We obtained
a total of 1190 patient records to include in our
study based on the following inclusive and
exclusive criteria.

Inclusive criteria: Patients admitted to our hos-
pital between January 2011 and December
2014 who received preventative or therapeutic
doses of LMWH or UFH and underwent a HIT
test dueto clinical suspicion. Thrombocytopenia
was defined as a >50% drop in platelet count
from baseline or >2 consecutive platelet counts
of <150,000 per mm3.

Exclusive criteria: Patients who received both
UFH and LMWH within 10 days of the test date
or had a negative result within a week of the
initial positive result were excluded.

Hospital guidelines recommend the use of the
4T scoring system to confirm clinical suspicion
of HIT, as prompt initiation of treatment is of
paramount importance in effective treatment.
However, data regarding the 4T score were not
collected in the present study. We instead used
the results of a sensitivity and specificity assay
for heparin immunoglobulin G (IgG) antibodies
via an ELISA (Asserachrom HPIA-IgG, Stago
Diagnostica STA®, Cedex, France) Tecan
EVOlyzer machine to confirm the diagnosis of
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Table 1. Patient demographics for all patients

Frequency Percentage

Sex

Male 461 48.2

Female 495 51.8
ELISA Result

Negative 900 94.1

Positive 56 5.9
Route

% 302 31.6

SC 543 56.8

Both 111 11.6
Type of Heparin

LMWH 180 18.8

UFH 776 81.2
ICU

Yes 317 33.2

No 639 66.8
Year of study

2011 231 24.2

2012 212 22.2

2013 274 28.7

2014 239 25.0

ELISA: Enzyme-linked immunosorbent assay; IV: Intrave-
nous; SC: Subcutaneous; LMWH: Low molecular weight
heparin; UFH: Unfractionated heparin; ICU: Intensive
Care Unit.

HIT in all patients who experienced thrombocy-
topenia after receiving heparin. We did not use
a serotonin release assay to confirm the diag-
nosis even though these assays have a higher
specificity, given they are not always readily
available and do not produce results quickly
enough to help with the initial diagnostic clini-
cal framework.

The HIT results were represented in optical
density (OD) units, and based on the manufac-
turer’s range, a value of >0.4 was regarded as
positive. We excluded patients who received
both UFH and LMWH within 10 days of the test
date, or who had a negative result within a
week of the initial positive result.

Statistical analysis

A statistical analysis was then performed to
compare the incidence of positive results for
each of the variables of interest. Multiple
Pearson’s chi-squared tests were conducted to
assess the differences among numerous vari-
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ables in the LMWH and UFH groups. These vari-
ables included HIT test results, mean platelet
count, mean age, sex, and route of administra-
tion. Our patients were then split into two
groups, ICU and non-ICU, and the same analy-
sis was repeated within each of these groups to
assess for a difference in the effect of heparin
type in an ICU and non-ICU setting. Each
Pearson’s chi-squared was two-sided, with a
P-value <0.05 considered statistically signifi-
cant. Statistical analyses were performed using
SPSS v25 software.

Results
Patient demographics

During the 4 years encompassing the present
study, we analyzed the data of 956 patients,
461 (48.2%) of whom were men vs. 495 (51.8%)
women. 639 (66.8%) were admitted to the reg-
ular nursing floors (non-ICU) vs. 317 (33.2%) to
the ICU. The mean age of the patients was 54.7
years (standard deviation of 22.3 years), with a
median age of 59.5 years and a median plate-
let count of 76 x 10°%/L. Most of the patients
(81.2%) received UFH, while the rest (18.8%)
received LMWH. Heparin was administered
intravenously in 31.6% of the patients, subcu-
taneously in 56.8%, and through both routes in
11.6%. The overall incidence rate of positive
heparin-PF4 antibody tests by ELISA was 5.9%
(56 out of 946). Table 2 shows the characteris-
tics of all the patients who received LMWH and
UFH. Table 3 shows the characteristics of the
non-ICU patients receiving LMWH and UFH.
Table 4 shows the characteristics of the ICU
patients who received LMWH and UFH.

Incidence of HIT

The overall incidence of a positive heparin-PF4
antibody test was higher in those receiving UFH
compared to LMWH. This finding was consis-
tent when the patients were split into ICU and
non-ICU patients. However, none of these find-
ings were of statistical significance. Overall, the
incidence of HIT in UFH vs. LMWH was 2.4 x
higher (6.6 vs. 2.8%, respectively; P=0.051). In
the non-ICU setting, the incidence was 1.9 x
higher (5.1 vs. 2.7%, respectively; P=0.221). In
the ICU setting, the incidence was 2.9 x higher
(9.1 vs. 3.1%, respectively; P = 0.249). The
overall incidence rate of HIT cases in the ICU
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Table 2. Patient characteristics for all patients who received
LMWH and UFH

LMWH (n =180) UFH (n=776) P-value

Age, years, mean (SD) 50.4 (21.4) 55.8 (22.5) 0.004
Platelets, mean (SD) 103.8 (110) 84.9 (60.6) 0.002
Sex
Males (%) 69 (38.3%) 392 (50.5%) 0.003
Females (%) 111 (61.7%) 384 (49.5%) 0.003

HIT testing results

Negative, n (%) 175 (97.2%) 725 (93.4%) 0.051

Positive, n (%) 5 (2.8%) 51 (6.6%) 0.051
Heparin Route

Intravenous, n (%) 0 (0.0%) 302 (38.9%) <0.001

Subcutaneous, n (%) 179 (99.4%) 364 (46.9%) <0.001

Both, n (%) 1 (0.6%) 110 (14.2%) <0.001

LMWH: Low molecular weight heparin; UFH: Unfractionated heparin; HIT:
Heparin induced thrombocytopenia. We compared the differences be-
tween the 2 groups (UFH and LMWH) using chi squared tests for categori-
cal variables (sex, HIT testing results, Heparin Route) and using T-test for
continuous variables (age and platelets).

Table 3. Patient characteristics for non-ICU patients who
received LMWH and UFH

LMWH (n = 148) UFH (n=491) P-value

Age, years, mean (SD)
Platelets, mean (SD)
Sex
Males (%)
Females (%)
HIT testing results
Negative, n (%)

49.87 (21) 53.24 (22.4) 0.105
105.81 (118.5) 88.78 (61.7) 0.021

56 (37.8%)
92 (62.2%)

253 (51.5%) 0.003
238 (48.5%) 0.003

144 (97.3%) 466 (94.9%) 0.221

Positive, n (%) 4 (2.7%) 25 (5.1%) 0.221
Heparin Route

Intravenous, n (%) 0 (0.0%) 154 (31.4%) <0.001

Subcutaneous, n (%) 147 (99.3%) 270 (55%) <0.001

Both, n (%) 1 (0.7%) 67 (13.6%) <0.001

LMWH: Low molecular weight heparin; UFH: Unfractionated heparin; HIT:
Heparin induced thrombocytopenia; ICU: Intensive Care Unit. We com-
pared the differences between the 2 groups (UFH and LMWH) in non-ICU
patients using chi squared tests for categorical variables (sex, HIT testing
results, Heparin Route) and using T-tests for continuous variables (age
and platelets).

This was also true in the non-ICU
setting (88.78 vs. 105.81, respec-
tively; P = 0.021). These results
were also consistent in the ICU set-
ting, but not statistically significant
(78.2 vs. 94.3, respectively; P =
0.136). The mean platelet count
was lower in the ICU setting com-
pared to the non-ICU setting (79.8
vs. 93.7; respectively).

Route of heparin administration

There was a significant difference in
the route of heparin administration
between the patients receiving UFH
and LMWH, with significantly more
patients in the UFH group receiving
the drug via an intravenous or com-
bined route (38.9 and 14.2% vs. O
and 0.6%, respectively; P<0.001).
This trend remained consistent
when analyzing ICU and non-ICU
settings separately. Specifically, the
intravenous administration of hepa-
rin was more prevalent in the ICU
group compared to the non-ICU
group (46.7% vs. 24.1%, respe-
ctively).

Age and gender

The mean age of the patients receiv-
ing UFH was significantly higher
than that of those receiving LMWH
(55.8 vs. 50.4 years; P = 0.004).
There was a significant difference
in sex distribution between the
patients receiving UFH and LMWH,
with significantly more females in
the LMWH group (49.6 vs. 61.7%; P
=0.003).

Discussion

The present study aimed to com-
pare the incidence and risk factors

group was higher than that in the non-ICU group
(8.5 vs. 4.5%, respectively).

Platelet count
The overall mean platelet count was significant-

ly lower in those receiving UFH than in those
receiving LMWH (84.9 vs. 103.8; P = 0.002).
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of HIT in patients admitted to the regular nurs-
ing floors (non-ICU) versus those in the ICU. Our
findings are consistent with previously pub-
lished studies, affirming the accuracy and prac-
ticality of the clinical pathways used for diag-
nosing and treating HIT [1, 2, 10, 11, 26, 27].
We observed an overall incidence of positive
heparin-PF4 antibody tests at 5.9%, which
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Table 4. Patient characteristics for ICU patients who re-
ceived LMWH and UFH

LMWH (n =32) UFH (n=285) P-value

n=
Age, years, mean (SD) 53.09 (23.1) 60.14 (22.0) 0.089
Platelets, mean (SD) 94.34 (55.5) 78.20(58.2) 0.136
Sex

Males (%) 13 (40.6%) 139 (48.8%) 0.382

Females (%)
HIT testing results

19 (59.4%) 146 (51.2%) 0.382

Negative, n (%) 31 (96.6%) 259 (90.9%) 0.249

Positive, n (%) 1(3.1%) 26 (9.1%) 0.249
Heparin Route

Intravenous, n (%) 0 (0.0%) 148 (51.9%) <0.001

Subcutaneous, n (%) 32 (100%) 94 (33%) <0.001

Both, n (%) 0 (0.0%) 43 (15.1%) <0.001

LMWH: Low molecular weight heparin; UFH: Unfractionated heparin; HIT:
Heparin induced thrombocytopenia; ICU: Intensive Care Unit. We com-
pared the differences between the 2 groups (UFH and LMWH) in non-ICU
patients using chi squared tests for categorical variables (sex, HIT testing
results, Heparin Route) and using T-tests for continuous variables (age

Dalteparin had lower rates of sero-
conversion, thrombocytopenia, or
thrombosis development. In addition,
patients who were serologically test-
ed for HIT and randomly assigned to
Dalteparin had a 50% lower chance
of testing positive for anti-PF4/hepa-
rin 1gG antibodies (13 vs. 27%, P =
0.001) [36]. The use of Dalteparin at
prophylactic dosages is particularly
advantageous in critically ill patients
with chronic kidney disease, includ-
ing end-stage renal disease, as it
does not bioaccumulate [37]. This is
crucial when selecting thrombopro-
phylaxis therapy for critically ill
patients who often have underlying
kidney dysfunction.

Platelet count in patients receiving
UFH vs. LMWH

and platelets).

aligns with the reported range of 0.1-5% in pre-
vious studies [23, 24, 28-30].

HIT incidence in patients receiving UFH vs.
LMWH

We primarily investigated the impact of heparin
type (UFH versus LMWH) on the incidence of
HIT and found a higher incidence in those
receiving UFH versus LMWH, although the dif-
ference was not statistically significant (6.6 vs.
2.8%, respectively; P = 0.051) aligning with pre-
vious literature [27, 31, 32]. However, a meta-
analysis indicated comparable rates of clinical
HIT with both medications at therapeutic levels
(UFH, 1.5% vs. LMWH, 1.2%) [33, 34].

The formation of heparin-platelet 4 complexes
is responsible for HIT, and its most common
association is with the use of UFH, a finding
consistent with other studies [2, 10, 27, 31,
35]. However, our study did not reveal a statisti-
cally significant difference in HIT development
between LMWH and UFH in both ICU (P = 0.249)
and non-ICU patients (P =0.221). Nevertheless,
a multicenter, randomized controlled study
comparing the development of deep venous
thrombosis with UFH and Dalteparin in an ICU
setting reported a reduced HIT prevalence with
Dalteparin (P = 0.046) [6]. In a subsequent
sub-study of 17 trial participants who acquired
HIT, it was discovered that those receiving
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Regarding platelet count, our study

detected a statistically significant
reduction in the UFH group compared to the
LMWH group. The difference may be explained
by the increased age of the UFH group, as plate-
let counts are known to decrease with age [38].
Our study did not examine the clinical conse-
quences of this thrombocytopenia and its pos-
sible role in increasing the likelihood of throm-
bosis. Consequently, further research is neces-
sary to investigate these clinical ramifications.
While our study found a greater frequency of
HIT with UFH, the platelet count in the LMWH
group, when stratified based on the ICU setting,
was not significantly different (P = 0.136). The
lower platelet counts in the ICU setting may be
ascribed to the heightened prevalence of
thrombocytopenia, affecting up to 41.3% of ICU
patients [39]. Patients with positive HIT assay
findings typically have other, more prevalent
causes of thrombocytopenia than patients with
negative HIT assay results, which adds another
layer of complexity to the diagnosis [40].
Another critical consideration in the ICU setting
is drug-induced thrombocytopenia, which is
often mistaken for HIT. It typically presents with
a platelet count drop 7-20 days after initiating
the offending drug and identifying the caus-
ative agent can be challenging in critically ill
patients receiving multiple medications simul-
taneously. Unlike thrombosis, drug-induced
thrombocytopenia often results in significant
reduction in platelet counts, falling below 20 x
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1079/L, which can lead to increased problems
with bleeding [25].

HIT incidence in an ICU vs. non-ICU setting

Our study also revealed that ICU patients dem-
onstrated a higher likelihood of testing positive
for HIT. This discrepancy may reflect the higher
severity and complexity of illnesses in ICU
patients, as well as greater and prolonged
exposure to heparin [25, 41, 42]. Furthermore,
our findings showed that HIT is more likely to
occur via the intravenous route than via the
subcutaneous route [43]. This corresponds
with a study conducted by Crow et al. [43], indi-
cating that patients who tested positive for HIT
were more prone to have received heparin
through both intravenous and subcutaneous
routes, while the likelihood of HIT occurrence
was lower when heparin was administered
subcutaneously.

While the incidence of HIT was higher in an ICU
setting (8.5% vs. 4.5% in a non-ICU setting),
both LMWH and UFH remain optimal choices
for anticoagulation in critically ill patients. Their
familiarity among healthcare practitioners, the
ability to directly measure their levels using
anti-factor Xa levels, and the swift reversibility
of their effects with protamine sulfate under-
score their suitability. On the contrary, introduc-
ing non-heparin anticoagulants in patients with
coagulopathy poses challenges due to uncer-
tainties about their safety and effectiveness,
especially in critically ill individuals.

HIT risk scores have not been thoroughly veri-
fied in critically ill patients; therefore, care must
be taken when utilizing them to exclude HIT in
the ICU population. The 4T score, for instance,
has demonstrated low sensitivity and specifici-
ty in a cardiac surgery population. Prompting
the proposal of alternative scoring systems
such as the HIT Expert Probability (HEP) score
to enhance diagnostic accuracy, especially in
surgical ICU patients [43-45]. Patients with an
ongoing clinical suspicion of HIT who initially
have a low-risk 4T score should be re-evaluated
to determine if their risk score has changed.
Moreover, for patients with a moderate risk of
HIT, consulting a hematologist is advised to
navigate the challenges associated with halting
heparin therapy and transitioning to potentially
more detrimental and less effective anti-
coagulants.
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Sex distribution among patients receiving UFH
vs. LMWH

HIT represents a significant clinical adverse
reaction, with research suggesting a higher
prevalence, particularly among women, espe-
cially in cases involving UFH compared to
LMWH [46]. Our findings revealed a greater pro-
portion of females in the LMWH group com-
pared to the UFH group (61.7% vs. 49.5%, P =
0.003). However, we did not conduct a sub-
group analysis to assess whether this female-
dominant population had a greater susceptibil-
ity to developing HIT compared to males. It is
noteworthy that the distribution of males and
females in ICU patients was not statistically
significant.

Limitations

The present study had limitations that merit
consideration. Despite being conducted at a
large academic medical facility, its single-cen-
ter design may limit its external validity. The ret-
rospective nature of the study posed challeng-
es in capturing a comprehensive dataset,
potentially resulting in missing information on
crucial variables and outcomes, including HIT-
related confounders and HIT-induced thrombo-
sis. Additionally, the study did not explore
the impact of subgroup analyses based on hep-
arin dosage, age, indications, or drug interac-
tions introducing a potential gap in our under-
standing. These limitations highlight the need
for future multi-center studies to enhance
external validity and address these data-relat-
ed challenges.

Conclusion

HIT poses a serious risk to patients in both ICU
and non-ICU settings if not promptly identified
and treated. Our study suggests that HIT is a
frequent adverse effect of UFH and LMWH
treatments in both ICU and non-ICU patients.
Although we did not find a statistically signifi-
cant difference between the UFH and LMWH
groups in either setting, a lower incidence of
HIT in the LMWH group implies potential bene-
fits. Therefore, we recommend using LMWH
over UFH for thromboprophylaxis in critically ill
patients whenever possible. Further studies
are needed to confirm our findings, explore the
optimal dose, duration, indication, and reversal
strategies in this population, and accurately
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assess the risk of HIT in patients requiring pro-
longed courses of these medications.
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